;e3e$@$=ff gD kl p6NpTp" 1 Repl acenent Sheet dated 19 Decenber 2002
NF06030PCTSG ABERRATI ON MEASURI NG APPARATUS, ABERRATI ON Wﬂmwmw
PROQIECTI ON EXPOCSURE APPARATUS HAVI NG THE SAME MEASURI NG Al ) | CE
MANUFACTURI NG METHCOD USI NG THE SAME MEASURI NG 5 METHOD, AND BX®GSURE METHOD
Technical Field The present invention rel ates to a wavefront aberration
measuri ng apparatus for neasuring a wavefront aberration 10 an opti cal
per f ormance of a neasurement target optpiegi\"l‘ceg';‘??f éﬁ'ee‘ééﬁé?;‘?g% Qe‘iiar‘“Bfléc,ztOPgn
optical systemprovided in a projection exposure apparatus, etc. used when
manuf act ur i RG o SRBERsEuct or device or a liquid crystal display device,
and to an aberration neasuring nethod. The present invention 15 rel ates

al so to a pRGFRERATON MEFSUREL N PR RERRIST U1ay iARE R BT BaN|BERESSRII NGQMETHOD,
apparatus, and a devi ce manufacturing nmethod using the sanme measuring

met hod. |t PRGIEQE MOt &X RAFRIRE h&PPAESSIMS applVildigt | BHE| sSHEE e MEAS URpdhese
Pat ent Application No.|0-153915 of which the contents are hereb

i ncor por at e ERPRAHEY e REY T CEOBEEKYr BURAN AMET e e LNGST e ?ﬁ@?t%%%‘é%l%
met hod of usj [ r optical. systemin the case of neasuring a
wavefroS(r)lt aygﬂ%ﬂ]’oﬁﬁ é\fﬁégggﬁe%lﬁﬁ%ﬁ%rget optical system According to
the nmethod 25 based on the interference optical system the wavefront
aberration is neasured byincorporating the neasurenent target optical

syst em def i med s, s Me@ser@nent target into the interference optical
system and the Twyman- G een 2 Repl acenent Sheet dated 19 Decenber 2002
i nterferoneter andhehpreiszeduinmeartfionomefertesr eokaowave fFoonexanpt eatibe
.Twyman- G een interferoneter is constructed, such that the |ight beamfroma
| aser |ight "$GFHEDS IRRA TREUF ntQr MRR FHEXRS DMWAVYHORT igR T hREAPIbINE

hal f-mtror,_ one flux 5 of light transmts the nmeasurenent target optical
Syst om0 and PHES b REE FTLACTIIRFEHL T S 2ol EPEaes | PRhECAdat S 1FEn,
the light b ; it - r i gal, sy :
nterfares vt THE TLParoNse 1T oRE Bean CERdonT Bhar et fantof s ction
nmeasur enent LY GRIrOPtdSehraysbem kscneasgeed 10,he8M i HLriRI@NeLiAGI Nges
thereof. Further, what is known as a nethod of neasuring a wavefront of the
| i ght beam fereamddreduneasur@sentet ar getl iopiid adr wytsd i sp hapedévilceal hed
the Shack-Hartmann nethod using a lens array (Parity wl.05, No.IO 1990-10,
pp. 37 ~ 39) toA wavehonratsoneasaseidmy beelodn thihe BHask Harinmeemt ket hod
is that a flu tuatioaéof the wavefront fromthe celestjal body is. neasu .

I red
As sholh inT8'@tes @ Ob‘éaianpﬁi’ﬂﬁ?téoxﬁa%ﬁa?ﬁH{‘e(W%ﬁaW‘F|h"’h"e]¥ré‘i’ h 8 37 Be

termed a | t ve ] [ 1.t 14 t et
opti cal syg?%%%%iacggé?ﬁ%t%’ hgerﬁcgirgn C?ae‘{le eg‘{?of%}e% (?%@%gﬁgé{rﬂ%ggggn?%ﬁg
parallel |ighHe Reaid Braduealdd ARLObd.enstGs tlheR nbhedpranak! ehel p BOEcREAM
is incident on a lens array (which will hereinafter be called a

[ t wo- di nensiapil i d ehboal s&ys adet aphnetse HegwsmesAphp lace tiwo-Nb ENSL HBALby
arrayed. Herein, if the neasurenent target 25 wavefront has a devi ation
from an i deaf whvefhr orite ednsedesi arfoheappradiscogrpssrat qgrbdiy inhi¢rence.
devi ation of a converging position of the measurenent target wavefront from
a conv& ging position of the ideal wavefront on a converging position
detection unjt ., 3 Replacepent Sheet dated 19 Decenber 2002 DET. The
wavefront i ed based on the positional deviation of the
convergi ng posi ti ah&fe GG 1 PE¥EEUR e @NRe OhobNGE LAY ARNSIONAFLEASE
array. There arise, however, the follow ng problens inhérent 5 in the prior
art descri beswahewe.syBten Ahet hercnes &yf netbod imeedsyave f AbatfAsencetion
optical system device used only for neasuring the wavefrontaberration.

Thi si nt er f erceng erceptl wale sy Seapedevptecad saahen o Becionfdigented hgymethod

vi brati ons because of neasuring the interference on the order of

wavel edyt h, RAREA00hebBR orid tehif FRRCEN CRItICRA bBYSItEM bohRE. WhHEREFBRE,

this leads 1o 2 scal soup oL Lhe Y] 6o S 41 10 A AL oRLEM:0lk £2U3L00 2

optical system defined as a measurement target into the

interference optical system, and the Twyman-Green

ORI
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A mai n purpose of the wavefront neasurenment based on the Shack-Hart mann
method is, as nentioned above, originally to 15 neasure the fluctuation of
the wavefront fromthe celestial body, and therefore the Shack-Hartnann

met hod i s incapable of neasuring the vvave%ﬂraont aberration of the | ens used
in the projection exposure apparatus for nuf acturi ng a sem conduct or
device, etc. 20 In the wavefront measurerr?nt based on ttge %gack-lé—r{grtnz‘%rdg
met hod, the two-di nensional |ens array 18 €8 Witk Kirgh pr Bei%Eroh
however, if there exists a scatter in ternms of an accuracy of each |ens of
the lens arfaye 3t AGedl &L Yad A&l aeltd gl ther PRV eEdLRErPesEt kABWAlL SOFor
declines. Hence, there mght be 25 a possibility in which the wavefront
cannot be measupdd witthe Themangtt yratiisiteY f e r dn&ept ace it s Sheet edadech 19
Decenber 2002 Disclosure of Invention It is a primary object of the present
i nvention, W®hiadhtihgs ldehitsbgarofobi atbashe hbohe probtenss divpdedi tetan
aberration neasuring apparatus that js small |n size, easy to 5 manufacture
and capabl e tdr Féﬁﬂ%% Cﬁfga]sjtﬁi?lg(]glg\bge??aﬁt) h%efar QRSP HRh flux

el udihg ¢ RS SERE e R e T TR Re e ng

the sane measw LRYTRENQL. o ANG; S eXPOH §sMBERRY LR TOLRECHARNI. Shride,
above obj ect, according to the invention claimed in claim1, an aberration

measuri ng appar atilith € QFeMh S @S afh SHOINVET 1gd NEh é esa by eeh tCanveydi ngpt i gal
beam traveling through a neasurenent target optical system (PL) on a

pr edet er m ne¢ senf acet €rPeresn aparh utbestmgf ) cé ol ighdnsméamj ngnal pamnt
15 of the light beam a nmoving unit (M for noving the aperture stop within
the flux Ii @%le,rra?‘tdd?fﬂlélfgt}%mﬁéﬁqﬁe@rﬁr&ei:ééﬂi%rmhﬁwa%Wﬁtq%ﬂsd@%%‘ﬂ%@ a

positignal deviation of a convErgi ng pg: ition (P) of a part of the |ight
beam travel i ﬁé’mtﬁrno eglf'u ?ﬂ%ngﬁe taPd=st g‘eorne%%e predet erm ned surface, and

an arithmetic 20 pi,0GesSI ngnyRists ﬁﬁg%nfaosr%%@t%fék%aaéhﬁﬂ?ié%}éfé‘;%mﬁ he
y

measur ement target optical systemon the basis of an output signal from'the
conver gi ng pRESichieon i ¢@fe Bldla@ fdint +hAC GRraGUIEMcht he tduenid o £l ad e n
claim?2, the converging | ens converges a part of the |i1ght beam and the 25
novi nguni t noses teedosy eradi gl €hsi Sihegk aHbywnbhhheapeotiurei sg @plenstderay
direction intersecting the optical axis of the |light beam According to the
i nvention cl@ardy nvelaPav3Naan 0, 51 RAprafendmt- Sheet 3dat-ed ALY e |2

2002 ab ti [ t f [ b ti f
pr oj ect on_ BEEEH LYt oHREPE) For i+ anSPEFK G 1o h abReHate (WS an

| mmge of 2, BASHSLEIVT 0ed Ak Lo PRLLEESPLREL ALt ITRKOLP s SETPELESS
As shown in FIG. 9, to begin with, a wavefront (which will
hereinafter be termed a [measurement target wavefront])
transmitting ameasurement target optical systemTL (indicating

20 herein a telescope) is converted into parallel light beam by
acollimator lensCL. Then, theparallel lightbeamisincident

on a 1lens array (which will hereinafter be called a
[two~dimensional lens array] where minute lenses L’ are
two-dimensiocnally arrayed. Herein, if the measurement target

25 wavefront hasadeviationfromanidealwavefront, thisdeviation
appears to be a positional deviation of a converging position

of the measurement target wavefront from a converging position

of the ideal wavefront on a converging position detection unit



5 system (PH) forem ttingalightbeanforneasuringtheaberration to the
projection optical system a plurality of Iens el enents

(L"), two-di nmensionally arrayed, for convergi ngthelight beam for measuring

t he aberration which has travelled through the projection optical systema
convergi ng position detection unit 10 (DE?’) for detecting each of positions
of the Iight beans converged by the plurality of | ens elenents, and a
measuring device (PC) for measuring th@eﬁb%?%"ﬁP? o118t Phed proPetrsn 2002
optical systemon the basis of the converged |ight beam position detected
by the convergi noTRASILYORr88E 6G LABreBh ime 48N BER balse § R ARETA Obonal
measuring optical system may enbrace pinholes of a reticle or "a stage, or a
transm ssi oderaerod &t tohan sintid M ide d 4 ot o esMmd e i ifirfdist Ddua Whi €hs
will be nmentioned |later on. According to the invention clained in claim4,

t he aberr at iodn theasuré ndiropnstahasydeam meyrancl ude a mask (R) for 20
measuring the aberration, disposed substantially in the sane position as
the mask forned W Ieheé Trsethlrh it c??%uf?léat"tlé‘tgnPi@ﬁii%‘tﬁ)sléth%%lnt

havi ng pi nhol e pattern, and an i.llum nation gptical system (1 to 10) for
T Ut g s o ReR SFoR e Sy ShE BT ¥ 2P S RO gt Rfod
According t i nyent i | ai i i { 1 nat...an t.} C
syst em may @gteg% iWu%ﬁﬁgtgif%ﬁ%g&&?c%ékgég%gﬁ”??fte?g dléo‘%ﬁ?%rﬁ%haurﬁ?ﬂ iﬁgrthe
predet er mi ne@ a@urGitid t BatlLF Y ¥bh B abhe ddtghdn. T6iBephesereRbnShagit dased
19 Decenber 2002 According to the invention clained in claim®6, an
aberrati on syaten mgpwnetdod caygy itsedbea intfdmeraredc dwerifineyions because
.I'i ght beantravel i ngt hr ough ameasur enenttargetopti cal system (PLi on a
predet er ni n€d BERFHEE 8y theelibteafesmaryongthengdrdet9f wavetepdthr a@Ring
an aperture sto ransmt a part of the |ight,K beam a noving siep for. .
Tovi ngld he- SREHAAE S CRAY TS \@1 A L HELETRki O FYRRt: o RFRES B ngthis
position detect] ste f. detectd a i1]0 jatio f gl hg
posi tion (P)l%%(ésg%oa ap%rclgloef q‘{%eoq :Eghet Cgegélré%’r g\a/ée ‘?Jﬁ%ir?%r%ﬁg‘% Q%ée)gia/l%éréﬁr e
stop on thepradeierdn nedl sHEf 8¢eabyisusy fr & £OMYEYgi Ng position detection
unit (DET), and an arithmetic processing step for cal cul ati ng an aberration
of the measuremeni hatgepuopbseadf Syt eaverd rdie hasistireinaart dulsput osi gnal
obtained in the converging 15 position detecting step. According to the
i nvention clSdiaeddHaruhanm wethogai 6, oft st hentiighe bedavies comagigeblyntohe
conver%ieng step, and the converg%g lens is noved integrally with the,

r

apertube st B ahe e riebicona SécthRgWeNE tapntdiT Ukt orce WS tight

20 beamin the noving, step.. Acc [ _the_inventi ¢l aimed in_clai mS8,
an aberrati t@r?dﬁ%agﬁlrd’l F\éerrr%tfr%c? ?ég %g%égr Pﬁé‘ﬁtgf na{]bgregﬁﬂdoﬁso%n%aﬁ %j&gc(t%on

opti cal SYSH@HéJﬂQnéOEhéoﬁgbagroﬂQ apsir 88 EWhne 3RNIMRASPTIR the

predetermned circuit pattern formed on a nmask 25 (R), conprises a step for
conver gi ng he jld ght obeamxipeys umeas ukaipha rtdtm aber r @biron héatfhasupassed a

t hrough the projection optical systemby use of a plurality of |ens

el enents (L'spnitcondlicensi daulicgar eaysd, ast epf or det ect i ngeachof posi ti ons

7 Repl acenent Sheet dated 19 Decenber 2002 of the |ight beans converged by
the pl#tality of Eén&he|wHehtsonhmeas sieper b afed ori Hiye the dbdia B dnn of

the proj eCHé%%éﬁﬁiéﬁ% two-dimensional lens array is used with a high
precision, however, if there exists a scatter in terms of an

accuracy of each lens of the lens array, an accuracy of detecting

the converging position also declines. Hence, there might be

25 a possibility in which the wavefront cannot be measured with

the high precision.



systemon the basis of the detected |ight positions. According to the
i'nvention claimed in claim9, the light 5 beamfor neasuring the aberration
is light beamfroma pinhole pattern (PH on a mask, for neasuring the
aberration, disposed substantially in the sanme position as the mask is

di sposed. According to the invention claifred in claim10, a projection
exposure apparatus conprises an illumnation 10 opti cal gysten1( 1 to 10 )
for illuninating a predeterm ned circuiffPpHiTerh SRPEh “ehe® I PghtcpBam?05?
projection optical system (PL) for formng the c_~rcuit pattern illum nated
with the |ight; Jeam h & sphstraten(WH), and an aberration neasuring
apparatus, claimed rn craim L, for neasuring an aberration of the proj
ection 15 optical 1syskem pAcrargi BBjkett be itheeplieernd anRthdive) aimdd, a
proj ecti on exposure apparatus conprises an illum nation optical system (1
to 10) for wWhelsurdetatsed atemeokviRYehatigmgahopeedatodrlanmed tor puiov ik t@m n
with the light, a stage (11) 20 for supporting the nmask, .a projection
optical sysPERIEADHLIHMFGTH IRP PRI D <tk & SafMetdgéNof 1 ERe 8RPEUF?

pattern. illumnated with_the |light. beam and.,an aberrati.on neasurin
Poparatus, DRATEFTIESI 3N L0 fodeurt o AhY aBGAI GIE of tifevefront
proj ection i ; T, r.Jh ; ti nber
(Pr) For GeRBrat g 1T BEt Eener T o sl B e e TH R oL Bl A,
proj ection @ppiredle cPUTrE®x A diapdran tle didvemdiof thaidiek ine£d @k Thd 2,
the generation nenber is a pinhole pattern (PH) for converting the 8

Repl acenent aPhpeata tdad edal P dBeceaben n2dG2 dumihig beaat hodmudieng | twe nadmen
optical systeminto spherical waves. According to the invention clained in
cl ai m 13, t Reagardmd ioat hedbeprnfapnb € X3P asHifs Mesh @A- menber for

t 1 tti 51 di f fusi he light b f the ill i nati, i |
Syatont Accar di ng TOETHEP My BREGARPEE A0 S5 of G T SADIH O F BRAdt YR -61
onbo n cupo ALy IIE R 1B BRE 00 A0k 680 s AL aLf6 ddAlPLSL6T N0
conprises an ahersAiAg 1L TEAS %irraga_mwﬁh%ixgmméfﬁrg%ﬁmgfﬁﬂfv@u@h

| i ght beam for neasuring the aberration to the projection optical system a
plurality ofa henseieanent stardeo-dpoeoailosgkkyendi(Pposet f20p reaiwes ghiwedhe

| i ght beam for measuring the aberration which has travelled through the
proj ecti on eptdfeaie s{kkemamnapartisreoatergi(A§)pdsirt itoandmisctinn anpart
(DET) for detecting each_ of positions of the |ight beans converged by the
plural ¥y oPf &khe gllé?ﬁgntbse.a“)ﬂ(c@oﬁmvﬂd‘q otie MVl AOCIRE NP iFPF BRRF 15,

t he aberrati on neasuring .optical stemmay _include a _mask .(R) for 20.
moasur i ng-t R RO RAL b 0 Sh0Sch duber AntPAPEY L0 KD e d¥edPion

posi ti onast hemaskher redyy 85‘:@%@&%@“§E)@s’l%q(3rfacluﬁéf9§5§:§'bﬁ of a converging
i sdi sposedandhavi ngapi nhol epattern (PH), and an il lum nation optical syStem

(1 to 10) feodildiun nap) ngr the paask ber tReastyghrg biehe abervelting wvhibughe
'1ant. theaperturestoponthepredeterminedsurface, andanarithmetic
20 processing unit (PC) for calculating an aberration of the
measurement target optical system on the basis of an output
signal from the converging position detection unit.

According to the invention claimed in claim 2, the

converging lens converges a part of the light beam, and the

25 movingunitmovestheconverginglensintegrallywiththeaperture

stop in the direction intersecting the optical axis of the light

beam.

According to the invention claimed in claim 3, an



25 According to the invention clained in claim16, the projection exposure
apparatus may further conprise a control unit (LC) for controlling a
position of at |east one of optical nenbers constituting the proj ection
optical systemon the basis 9 Repl acenent Sheet dated 19 Decenber 2002 of
a detected result given fromthe convergi'ngpositiondetection unit.
According to the invention clainmed in ¢laim17 he proj ection exposur
apparatus nayfurther conprise a subst rfgl ga%ement e PR Cld B0 SRR
stage(13) f or hol di ngt hesubstrate. Atleastoneoftheplurality of |lens el enents
and the conuaigNgi PESIdA Dy 0ef efdp Ol tk tr s ke detas Rabh e Rraviidedoen
the substrate stage. According to the invention clainmed in claim18, a
devi ce manuf gotoyeaygioat hogdtiinalluds ngt emst(@h )f ofo it r ansherfeirnd nan émegeall
of a predetermned circuit pattern onto a substrate (WH) by use of a

proj ecti on oRSterateysidin (PL) imagenplLi sepradsteyrfigredrezistei by pattern

aberration of th rojection optical systempy use of the aberration
measuri ng rffé’tﬁr%?_)gé’l & ek KR&I' a??ﬁ‘%‘?l%%ﬁt?rrhfﬁ&rtr&ttlﬁé‘ PRIEHELST PRI in
claimd9, g én(fﬁgillz é‘rﬁﬁﬁgﬁ' 39 { PBQaH}CA,{’rﬁéé‘g 2iRLeR I O rarion
transferring an I mage of a predefermned Circuit pa PerhZonto & stbstrate

by use of ?ccprtweegkbgec%folncabtiﬁgtleﬁryéE’ébn,, £ YA SeSt | ot eRnk0L 1 8RBAYEI N
an aberration of the projection optical system by use of the aberration
measuri ng nEt’‘hodtebaidiee ngi ol 1y 8 ar2@ yAGT,0f di —’E nfvee ddtien ¢ Brertiight skamned
in claim20, an exposure nethod conprises a step for exposing a substrate
to thel i ghtfof asesdutiergrtied ebequiatian ewhilcdnwhpsf prejediliedgthimeugihr thiet
pattern on the substrate by use of the proj ection exposure apparatus

cl ai ned i n RII$F 810N PR TASS AV AePo & RENVAVEANIERP 1 bl pRdete < i@miRit an

CrPOSYEC TS | 2o BRI EI0 GRhogh POPLIRLS (D BRI 01 ol
L COMPTi Se% L epe bty B o b1 g1 ¢ beam { g NeASHELRY, 2R Replasenenl

Sheet date Detenbet an abertration incident up e proj ectl
optical sysdemdbe {pce Foansbasuinigid heidisan fapabherdr Ah® phejsybsbhat e,
a step for converging the |light beam for neasuring the aberration that has
passed t hr auygii ¢k sprsdjeacbndrheoptsdal o S ybeerohyengeddfightSbplaurabsiyioh

| ens elements (L') two-dinmensionally arrayed, a step for detecting each of
posi tions cfekertedghty bEBRCRBTVED jod HRE tHeopdetaldtioopnidns BeeAdAts, a
step for neasuring the aberration of the gﬁrgéection optical s sten}log t he
basi s 1df t PRSP R i BTROFE hBYi gt bedhsS BRHSSL BT ot B REBtPhB 26 Ehe

aberration oOJ‘_I ag%% i%rloei ggtai so{'ac%);[ 'o?:%l t%gﬁgﬁr{]s%riotn%erpggi:%or transmitting

the light beam in diffusion, which will be mentioned later on.
According to the invention claimed in claim 4, the
aberration measuring optical system may include a mask (R) for
20 measuring the aberration, disposed substantially in the same
position as the mask formed with the predetermined circuit
pattern is disposed and having a pinhole pattern, and an
illumination optical system (1 to 10) for illuminating the mask

for measuring the aberration with the light.
25 According to the invention claimed in claim 5, the
illumination optical system may be an illumination optical
system (1 to 10) for illuminating the predetermined circuit

pattern with the light.



of the measured aberration. According to the invention clainmed in claim?22,
the aberration my be a wavefront aberration of the projection optical
system 15 According to the invention claimed in claim23, an exposure
apparatus having a proj ection optical system( PL) for transferring onto a
substrate (WH) an inmage of a pattern fornBd on a mask (R), said apparatus
conprises: a holding nechani sm for detachably hol ding the aberration
nmeasuring apparatus 20 clainmed in clai MBI %EERT FAGT 1Bt ehe i RYEAPP O 002
claimed in claim24, the holding nmechanism may include a first hol ding
menber ( 11 ) for A'&%'oci‘driguft he, @befyat| Qhe FRASHN idIch Ok Cah SYBL &M s8Nda R
second hol ding nenber ( 12, 13 ) for holding a neasuring unit (UT" ) having
25 the pl uraldetnt20fi drense £4 €AENE Smet hedcebreirdiseG ROt IT ddeterat g Limd t
and the neasuring device. According to the invention clainmed in claim 25,
the first hdlidihidemmbeavadyjnheharampgk stregesyrendent farghdbditigalhey sask,
11 Repl acenment Sheet dated 19 Decenber 2002 and the second hol di ng nenber

i s a substrdfd)stdye PRI rRbradngurhdcsubst Hate 0 fAG SOIRF 319 hkens
invention clainmed ip claim?26, .the aberration asuring optical system may
be o Mok (K0P SERBactF diehind ot MAF AN 11F & U5 MGG ot & RAERLH Er Dpe
nmeasuri ng tﬁgdﬁ%ygég$pn. According to the invention clainmed in claim?27

an aberration ‘neasuri ng apparatus for neasuring an aberration of a
projection opticah systiend GRlep fFAIr WoaNSfEHGpattiIRe Ik spbatr ptei (W an
i mgeof apatt er nf or nredonanmask (R), conprises a nmeasuring unit (UT")

det achabl y pihevifdedk onf abigkpoesar ecapparatnus posi tidlongda teaski rst agesr 14F
for holding the mask, the projection optical system and a substrate stage
(13) for holddgitef e sulixe s b eonThedaBasgtiiong odniconygyr Jimd udes Bt isn (P)
plurality of lens el enen wo- di mensi onal |y arra¥ d, for convergri)ng

S L'% t e

light Heam Pérari%aa‘éﬁﬂ%éhﬁn&a% Frogam it maval g thrsueh theodgRrthee st
proj ection qpti.cal SSC{ . convergi itlion detecti (é %E;LI' r
det ecti ng eggnhtg]F Bgé e|E,\Corre‘nrs"€lj‘lo e@ﬁé%%ﬁ?%a&%e cooﬂvaercé)enc}pel%/éj][% F|go ur%fclfjﬁy
of lens el egritt AsWl Z0i@ PBASYII BEQdEM 681 CREL ther PRASIMd Wy td€ep for
aberration of the projection optical systemon the basis of the |ight
posi tions def=aeielith hind hen copyergtngnposi thenmdabseaciarmhtuidrgdccasdi aglt o
the invention clainmed in claim28, the

systemonthebasisofan outputsignalobtainedintheconverging

15 position detecting step.

According to the invention claimed in claim 7, a part
of the light beam is converged in the converging step, and
the converging lens is moved integrally with the aperture stop
in the direction intersecting the optical axis of the light

20 beam in the moving step.

According to the invention claimed in claim 8, an
aberration measuring method for measuring an aberration of a
projectionoptical system (PL) for forming, on a substrate (WH),
an image of a predetermined circuit pattern formed on a mask

25 (R), comprises a step for converging the light beam for
measuring the aberration that has passed through the projection

optical system by use of a plurality of lens elements (L'),

two-dimensionallyarrayed, astepfordetectingeachofpositions



aberration measuring apparatus nmay further conprise an 25 aberration
neasuring optical system (PH) for emtting the |light beam for neasuring the
aberration to the projection optical system

Themeasur i nguni t maybedet achabl yhel dont hesubstrate stage, and the aberration
measuring optical systemis provided 127Replacenent Sheet dated 19
Decenber 2002 on the nask stage. According to the invention clainmed in
claim 29, an aberration measuring met hGEPFH e iBaslrf ng2an® dBePT 4t Poh P2 a
proj ection optical system( PL) incorporated into an exposure 5 apparatus
for transfepld pPe ONih @ pedhsd 8L eWdd BY d B ge 1afa 18 fRablrel Onf U@ 0Ps 2
mask (R) , conprises a step for disposing an aberration nmeasuring opti cal
syst em ( PH) anfds segiot £ d N ea shirghiy bieasickearr ateiagus £t d Peo jbetiani gt 1©al he
proj ection optical

syst em substsamsttieal | ntheshagpospti shasdedreatid ddl spsedostid-grisa step for
attaching, to a substrate stage (13) for holding the substrate, a nmeasuring
unit (UT") incl udip’ﬁé:oéoﬁlrlﬁ pyle; *[:pe invention claimed in claim 9, the light

of | ense) ement sarray(L')forconv i ngl i ght beanf or.measuri n n aberratio
Chat has pabSed ERFUGHSBRA g b ect Tohoapt Phats yatimPea L anotr gt ST
position de i it r t L ; : ;

posi ti onsof F%gtﬁegﬂ% gggr%séS%gprags]celﬁbﬁgﬁerﬁg%ég?é#énﬁ%@agnedr%a%%rslbrclllnsgp%se?/?ce
(PO) for neaswddiht el aPeinathens@het Pesprajoneals @heopidsnali syst € oadt he
basis of the Iight positions detected by the converging position detection
unit. Accordi ng t@ctdoerdimeent £on tdleai ilmdenhiohaigi 80nedn i20 @abaimatlilon a
measuring nethod may further conprise a step for renoving the , .
aberr at i onnPESUIS gt Opt | CAP OSSR PRPEER tfe FPHRELEE8m #Br fedytkPaglPhe

b ' has b 1ttt t h ' ti .optical t d, t
or 1 olfbyi ng HEG WOSKGF PG £ 0F st - hbOSERar: QB B BUBY BF PO SHEaSLFIhG.
th b ti f .t ' [ ti - '
| nventi on cPREE T A et o BB Y R b A ST RaTcr T PG o fER) o

substrate (Wdr aprihiBgetRE A Rhedebarmdiedi Ci imtink tRat & €A e USGhef b3aRr O
ection opti cal 13 Repl acenent Sheet dated 19 Decenber 2002 system (PL) ,

conpri ses acst ep sfulrs tEaisalr (g) ananbieahabbenrat: iohe mpraGjureiatd crpept Atak,
system by use of the aberration neasuring

met hodcl ai mediaigted rR3befior &t farsheasingnachbeuireparner htbstprehection
substrate. 5 According to the invention clainmed in claim32, a device

manuf att uri AP TiesthbdSYREETdi ng a step of transferring onto a substrate (W)

an image of a pre%@ggr {§§ Ckgc%ﬁepgk%gkgi% claimed in claim 11, a

projection exposure apparatus comprises an illumination

optical system (1 to 10) for illuminating a mask (R) having

a predetermined circuit pattern with the light, a stage (11)

20 for supporting the mask, a projection optical system (PL) for

forming on the substrate an image of the circuit pattern

illuminated with the light beam, and an aberration measuring

apparatus, claimed in claim 1, for measuring an aberration of

the projection optical system. The stage or the mask has a

25 generation member (PH) for generating light beam for measuring
the aberration of the projection optical system.

According to the invention claimed in claim 12, the

generation member is a pinhole pattern (PH) for converting the



use of a projection optical system (PL), conprises a step of measuring an
dberration of the projection optical systemby 10 use of the aberration
measuring method claimed in claim?29 before transferring the circuit
pattern onto the substrate. BRI EF DESCRI PJION OF DRAWNGS FIG 1 is a view
showi ng a configuration of a projection 1. exposure apparatus using a
wavefront aberration nmeasuring apparatys

d
present invention; FIG 2 is an enlargegpv?ﬁﬂfg omn qu%%ﬁ?laﬁeﬁP?ﬁﬁooﬁ
the vicinity of a stage of the proj ection exposure apparatus shown in FIG

1; 20 FIG 3ilghtap¥hRVE shaWH 13 16anhagurat bem iefh it Beswamef ¥ osts pheriagion
nmeasuri ng appar atusi nt he enbodi nent of the present invention; FIGS. 4A and

4B are vi ewwastesw ng configurations of nodified exanpl es of the wavefront

aberration measuring 25 apparatus in the enbodi nent of the present

i nvention; FIGS .ASACTER HhdtGCLARe IdIVRTIEHEN egdh iBReW iy ﬁgwim gcsi thild of

a convergingep0|nt P shifts depending on a neasurln%£p05|t|on FIG 6,is a
[

concept ual YPEFSHOWhESR Fél% Y 7 DECRET LS SLLTRBFECENENT tSiRdEim it B9 19
Docenbey 2002 & FRASHCRTRA [ OBLNRELont Wiand A fneblpation W of the

wavef r ont IS a Vview S ow ng a configurat on I n VI Clni

stage of the proj A%%Ur@lrﬁj(pot%”%h%opﬁﬂ@éf%ﬁlbﬁ & 5eaed 3 nenbpdi fenty of 5t he
present invention; FIG Is a view showing a configuration in the V|C|n|ty

of the stagerof etqum oleemdm@xppparetappafaaimla probhiecd iembash treas 1 of
the present invention; and FIG 9 is a view illustrating an architecture of
a prior 10 aytsteavefRlontfabherransbarnmdaguphitg appabsttusteDEITR RN GnagFe THE
PREFERRED EMBODI MENTS Enbodi nents of the resent invention will hereinafter
be descri be& va%r%%epeﬁ&@rtrbf?%eﬁeeerwﬂy Ry GeRR GRS 15n@hgstation

exposulte apPeratis i Sl T bt WhF 6 LPHBVERFore: HEORPac, ROHEAOEP gt Ohi
UT can be ah%%%@%%&&“ﬁ%@%%éﬁ?ﬁtf%ﬁ't&%ﬁ&!%?&fﬁctlon optical system, a
plurality of lens elements , two-dimensionally disposed for
converging the light beam for measuring the aberration which
has travelled through the projection optical system, and a
15 converging position detection unit (DET) for detecting each
of positions of the light beams converged by the plurality of
lens elements.
According to the invention claimed in claim 15, the
aberration measuring optical system may include a mask (R) for
20 measuring the aberration, disposed substantially in the same
positionasthemaskformedwiththepredeterminedcircuitpattern
isdisposedandhavingapinholepattern (PH), andanillumination
optical system (1 to 10) for illuminating the mask for measuring
the aberration with the light.
25 According to the invention claimed in claim 16, the
projection exposure apparatus may further comprise a control
unit (LC) for controlling a position of at least one of optical

members constituting the projection optical systemon the basis



be expl ained. The projection exposure apparatus manufactures 20 a

sem conduct or device fornmed with a circuit pattern. This projection
exposure apparatus will be outlined. Laser beam LBO emtted froma | aser

| ight source 1 are adjusted in profile by a beam profile adjusting optical
system 2 into substantially-collinated | ader beam LB1. The | aser beam LB1
25 travels through an interference fringe reduction unit 4 for avera%in
interference fringes and enter a fIy-eﬁ%pf%ﬁ?eﬁfS?ﬁ@:ﬁﬁfﬁ?ﬁér@ﬁfﬁb??iﬂag
reduction unit is structured to enhance uniformty of illum nance on a
reticle, PfdﬁH&@téB%eB@éHﬂfﬂgiveﬁﬁﬂ%ﬂ%ﬁé%%%méﬁaﬁﬁﬁ gat edohddrcenber
2002 is disclosed in Japanese Patent Lai d-Open Pub |ca%|on No. 59- 226317 by
t he present uappl.i cant. Laser beam|IL2 exiting the fly-eye lens 5 are
incident upon a field stop 8 via a first relay lens 7A. A profile of the

| aser beam | L2 i sRAadjoustiew Stdythre ifrivdnt sewpcdaimed firel dlgtivp 1§, sthe

di sposed in a conjugate to a pattern form ng surface of the reticle R and
to an exposBFeISHTITe SHP OF Wik %PPV‘\H?tEésT%"f‘Yﬁé’eﬁﬁhq_rzcéﬁ‘Ptrilﬁf ér?%?%%?% of

he field i i .th i.cl f d with i i
ot ter 1 ¢ hr G081 5ol SHobRbr PLPA ARG i CEAHT 11 art e S GRACL ' CSHUaHEb T bns
10. The ret gl ¢ Bd 3 hAsok Oha $1208)e ratflg Dased ioh AL iy

froma main control system 16, a reticle stgge cgntrol unit 21 noves the
reticle stag@ylbe d¥tuciRapayt graviege of dhe Sedé€ret R bkhyei.nated with
the | aser beam is forned on the wafer WH defined as a substrate 15 through
a projection opti dalcoxysitremtBLthA vaveret yoofchatthedns alaisgeddentiddvice
formed on the wafer WH by using a variety of reticles R in exchange,

t her eby f or Figmg fa afehy tomagshed geel Beinge skgPek o A riad sdifuckied PR VBRYRIm

by a wafer halder 12 on a wafer stage 13. Further, wafer stage control. unit
2% conttt ol 530 % ke SASGF M &0 ThACTLFePEEEEEMANES oSt TrietE antVhoVRA

st epwi se at hi_gh : . _An Lo unit \ 24 ] . -1 0; hj
ntor ace bECGOER Fhet By oy BAEToRr Brsdur EONBhl BElS BogCARY 2R Sperater
FIG 2 is ap.enlarged wieypshent hgnt Be eaBf pauraidtad dthiead cdpitymobyt he
stage of the present” proj ection exposure 25 apparatus.

Thewavef r ontughkergmtilpn apasustngunmedEusilas etk tiod hel singa 13 tdlr=gughs  he
waf er hol der 12. Wen placing the unit UT on the wafer holder 12, the stage
13 is noved i n anAczodidiewy itonthe brdentionexpaiwed spadiaign B, weete Y hee
proj ection 16 Repl acenent Sheet dated 19 Decenber 2002 |ens PL and the
waf er Hol demarpifaghiringaedtipseinglpdingagtion Ser &r@Pelif Tetrd RsiB§Iehe
stage contraol. unit 22 so t.hat,the unit articularly. a caollipmataor |eps
G70f the uRi BUrFeRRERE TS e Al A e note3ERAte Ry Gbe 6P
projection Le : kSU RRAY tar ntical syst o]

which a mavgfﬂgﬁéjg E??Qt?ﬁﬂt?ia%easurgﬁfnﬁﬁﬁéfié?%?égéﬁi mﬁer%t%%% %%ft
UT is set |mddwnface-40-dl96erael ahi 68 whehpthe epytgjectdp d€nss Petehhiey
wavefront aberration of the projection lens PL is neasured. 10 FIG 3 is a
vi ew show ngise cohftlyer abeonadfi onheewswefimontmatbeed acl enmpdadur iclgini & . UT
in the first enbodi nent of the present invention. A specific_

confi gt ationfor AEERRTINE t He wabef ABVErdBerT atGlorind the Fl6[iEct4dn fBns

PL b se of the wavefraont aberration neasuri nit UT according to the
D eount 15 IR R R0 RSO Bt 4P ReD SreP| BT DI SR Act HONADEREgnES

aberration r i j ' ri

ol der 12 on e Lragd b i b pR TR TR S B AR o E 2R S,
lens PL, thedd ghtrheammft tdi e thavelibarirate SRNBEECEE BHE 6 deploas

|l i ght beam for neasuring 20 the wavefront aberration upon the proj ection

| ens PL. Thedpgghirdeappatathe sphdmeshlimavieaitmnlbe generated from a

pi nhol e pattern by di sposing a mask including the pinhole pattern in a
positi&h (on an objcsrtrpinge ¥ &l ol v¥endhooptdlEEimey sienf latiar 21 hean
reticle is disposed and illumnating this mask with the |aser 25 beam|L2 .
An aberrati6ﬁqﬁﬁﬁéﬂ?ﬂﬁﬁj6hﬁ?8é]t%®%$EﬁFFéHEdH§§?6%?%BSBFaFﬁiQW%%§%¥lmage

Further, a %Of Qtprlelo%mersn?frrlggcr{%%uqq: ﬁ’g@ge?ﬁ byuseofaprojectionoptical

system (PL), comprisesastep formakinglight beam formeasuring



a substitute for the pinhole pattern. Mreover, the exposure |ight source
i's used in the first enbodinent for emtting the 17 Repl acenent Sheet
dated 19 Decenber 2002 | aser beamw th which the mask is illum nated,
however, other |ight source and other illum nation optical systemmay al so
be separately provided. The |ight beam of'% he spherical wave is incident on
projection lens PL and exit the sane IenslPL. S The Iight b an1exiteg f50n1
the proj ection lens PL are col|i mat ed B¥1318CoIPPRarEr T ensP™Thel®? t he
collimated |ight beanms are converged by a converging lens L, and an
aperture AP defidied 85,20 ridRefdril §p8h et <t sp9sedi BRI ddesl8Remberore
transmts only a part of the converged |ight” beam The part of |ight beam
10 travel i ng riafrsqugir e taper curevAR e oy errges dte &V es gé Noa pot ap P
on an imagi ng surface | P of a convergingposition detection unit DET such as
a two- di nengognadnCeEDI inet ke ivigihgi hgapof o measar igis dhisealereetédn Miahout
being limted to the two-di nensional CCD, py a scan using a one-di nensi onal
CCD or 15 b}2foPASiSRg the BIEL diltfe A BIFFL 60D, ORY L Fait t REFLBY BXeBBEi A 2

t wo- di nensi gnal__scans ihng a_sale qptical, sensoy.. Herein,.if an_aberration
exi sts I n t RECSAOIECt i%n Jer SRERCE odiit Ilok oF SRS ROrRAs b H o BRFAECP T
different fLomeArsASR dokeftifbapa AOSEE 8LEBRSALHAS LG BRYIELHH Oy L &NS

PL. Nanely, the 20 position © e convergi ng polnt e aberration

exi sts in thy phej eatirdliepsoPlldeyi alenesdovaystep tthe GEAsurfrgechieom
an ideal converging point wth no aberration in the projection | ens PL.
Then, a novebgruaEttidv nofetshe herapect ipe APtticadcaysteer drhelentbhasisuoface
of the measurenent target 25 wavefront_ while keeping nutual positional

rel ations béh@éﬂéﬁq%efgﬁpﬁpﬁap@rs qfdiize ELIhE R 2@En AR AESPERY A0 BRIt Hied

conver gi ng sition detectio nit DET. In such a case, it is preferable
that tHe colPenaPSE HareoeT (HE EOMASE Ty IHs 62 hrtl THem On gt ke g atbitent
Sheet dat ed 19 fec L 29 2a88?¥%%§5 g position detection unit DET be
accommodat ed i n-an 1ntegral uni . Further, the converging position of
the Iight beam traps@ddidy thetBeoj@ttdonidene1Bimdd 6in ENGikMY NOthe
surface P is conj ugate to the surface of the wafer WH Moreover, 5 the
wavef ront aheeratdtoionreasyrbagaunddapt dresaalsenthgtibat iodn t¢hen it o1 exgt L be
mask fornmed with the pinhole pattern or the point light source, the lens L
and the cone@tdiasy passtémn detection unit DET. Thus, the noving unit M
noves the aperture AP to scan 10 qver,the entire surface, of the neasurenent

t ar get Iwavef ront WrA%F Kdehi i t FE St BEPLpoSRt iCdRAMGR | B i 648 1Hetawren®Ehe
collimator lens CL, the conver igg lens L and the ¢ nyerpgn tpos%%%?n¥or
S i'fT, on

detection ur?ixtpoﬁé‘llrze \?Aﬁ’é)raerl?y 4% PPYIPEagiRh ¥ Tttt SR AT Pard Ay
the CCD Surft%ﬁsﬁr%ﬂ?g%?ﬁ‘éﬁ?%%%l?s@?&@é (Jvﬁ{)"‘@%n,iﬁmQSe,t Lr 8L £ PR BXE SEReln

the projection lens fromt conver gi ng poi nt “wi no aberration In
the projectioenal paskPRON the deabiphe atRASs WoeiRiitsd 8 gethotaveid adchaNot ém
that a central area of the converging lens L is used when converging (the
| aser beans fior tdetacbahilyy hafl dimopthealalb2d md isorAXineeputthaocampatapast
of the measurenent target wavefront, while a peripheral area of the
conver#fl ng Icdiisined siysela e -convergi ng (nargi nal |ight bean) on a

i ph | ti f th t.t t, ti,n,thefirst dj t.
Thus, i 1 er ant  aPEROTH Ao Bong BEgr Ry Tore T a1 BUAPFT dPortle dht 26 haRce,

if this len oy ?a%ﬁ Rl AN 1 {16 AP ERLI@ny Bh ght Jhgussan ipfhuepge
on the neasE%éﬁn?é%éFg? ud% béﬁﬂdJ% e case, S rgguc%gg tﬁe in#?u%nce by
the aberratiQn Pfnd £ ARG &S dur iidg Iop AR EE3RItRM Nahd Besecond
converging |lens L be noved 19
holdingmember (12, 13) forholdingameasuringunit (UT’) having
25 the plurality of lens elements, the converging position
detection unit and the measuring device.

According to the invention claimed in claim 25, the first

holding member may be a mask stage (11) for holding the mask,



Repl acenent Sheet dated 19 Decenber 2002 wth respect to the collimator
I'ens CL and the detection unit DET whil e keeping the nutual positional

rel ation between the lens L and the aperture AP. It is, however, nore
preferable that, as shown in FIG 4A, a snull-aperture lens L for
converging 5 a part of light beam of the easurenent target wavefront, be
used as the converging lens L. in the case of using this snmall-aperture
lens L, the moving unit M noves the | ef§PLagens FgesCahedver PTtraenti®Pe
measurenent target wavefront. FIG 4B shows a nodified exanple of the
configurati gaglQHd FHGndho MIELGT RehBEreNti hesIBaT RN A 08f3) for
wavefront is scanned while keeping the nutual positional relations between
the |l ens L, nbheliaperihg es@sandtehe detection unit DET which are housed in
the unit UT . A measuring systemS is constructed of the lens L, the
aperture AP and t Aecdetddatd oho ubhhe DENerdndori5cileimededi mi ¢hahmt B, unilhe UT
by the noving unit M According to this configuration, the detection unit
in FIG 4A éRswetdRihsNeeduriBgt Orf fidee3¥SbeMc ARYUIRR | AgMeRE afer rE®T on

f th t t t ti [ ter th i t put 20,
ol gnal 37 andRRETRETe b S VD] Ao pOSrLrone HEEERt Lo Uit EETRITE be
expl ai ned. @%%9@4??& fgin is a case where the wavefront aberration

measuring unit takes e configuration shown in FIG 4B. FIGS. 5A 5B and
5C show neasured pesWrdiry 1ty eenBOiiMviend 1dh NncapiAkbi tirary1aiga of, the
measurenent 25 target wavefront, nore specifically, how the converging
poi nt P on therdetiteicin omeasiur IDET ahwagesushort heaseadwg rRo systemSios
noved to the three points . Herein, a plane of the imaging surface IP is
set as an XoY pl #M¥@Jddtioe opbtopénerstenr L) 20 Repredarmninshertodat ed
19 Decenber 2002 wavefront is an ideal wavefront, i.e., a wavefront

.e., .
(spherlkal $ t%JWH)ﬁ8%ﬂﬁﬁ?% ?@itq?ﬁpE%ﬁ@%gﬁqﬁﬁﬁﬁkﬁB)PQ£Wgﬁ%s%§ a
center 0 of _the detection g@lttﬂﬁﬂ mggggg$%gahe neasur i ng system S npves

within the RedSTFENENYSt ARGt (BVer r SREICTRBS SAUA Hehs OF etht= T Bot ©
wavefront, h%%?)‘éerraﬂ'{?éti'}‘?cf‘@&ﬁ?thoﬂasw Ztaged (49Yl Eftdro%&l%iq{%fﬂé;}ﬁgskﬂ

i nclination the wavefront) fromthe 1deal wavefront. Accordingly, as
shown in Fl @ae bAoi2RBtanth 26t ideerdistEdn se’Ch sepY¥ergicagspayat (18hefor

deviation at that convergi ng point appears as a change (lateral shift) 10
of the posi thicdrigfg t hkecombstgiatge poi The Pmea stlre rdet et € onmapi tinPETdeTha
positional deviation of the converging point P fromthe center corresponds
to dif Fer enPilArglnkter ik i bIndfet pRehHbas (b erent WoafdBe NGRS loht  aBrgyed,
t herefore a wval ue obtai,ned. fromithe positional deviatiBn oftthe %gn%erging
point P at &&hCPBVRESSHd ﬁégg‘ i REAROT OB VEAS WOV 2PE TR at 83 5 S
sequence Wi L), J63peot, L9qh e BN IIRASH EIBNT oL 27 0Bt AV STy Ay, st 6hY
an aberrati%ﬁ 0 he hea urenen% Fgrget wa¢g$?o%% cag be émﬁuﬁéﬁ%d.siﬁ 6
i | lustrates @ GaAcEPdfeditof At aDAY BHRCESSecting each of positions
of thelightbeamsconvergedbythepluralityof lenselements,and
20 a measuring device (PC) for measuring the aberration of the
projection optical system on the basis of the light positions
detected by the converging position detection unit.
According to the invention claimed in claim 28, the
aberration measuring apparatus may further comprise an
25 aberration measuringopticalsystem (PH) foremittingthelight
beam for measuring the aberration to the projection optical

system. Themeasuringunitmaybedetachablyheldonthesubstrate

stage, and the aberration measuring optical system is provided



20 descri bed above. FIG 6 shows how t he neasurenent is conducted
consecutively at the respective noving points. As discussed above, a shift
gquantity of the converging point P due to an inclination of a wavefront W
at each neasuring point is sequentially integrated by use of an arithnetic
processor PC, 25 thereby making it feasi bl% to cal cul ate the neasurenent
target wavefront W The aberration of the_neasurenent target optical system
can be obtained. In the case of neasurﬁWQlT%%mﬁ5éWF§TF%ﬁe%ﬂgtﬂ “ﬂ@%ﬁ&?éﬁent
21 Repl acenent Sheet dated 19 Decenber 2002 target optical system by using
the configupat g showw 0, 5LG 4A a plurality of imaging areas are set on
the imaging surface IP, and"the lens L and the aperture AP are positioned
W th respect to eaekdrEgiqgtar eahby invenmiwmgclatimedl ithecpasint i28n 0in5

t he converging point at which the lens L converges the actual neasurenent
target wavefbentrdtsi arhargpeti f fognndechednfer ofashel ngegn ngoar eat Aponwhitch
the lens L converges the ideal neasurenent target wavefront, and the change
i s detectedPTPR& I fR o Ehs B SR asil e d IHP TR EREFAGL R B L H BRI DRES
change guantity. 10 e that the calculation of the pea ment, t arget
Cayer T ont WAPEAHE Ak T AT RaE PEeH T HRotri Rt SBbee M Hhus HHEGRe"T
poi nt_on the Lupge horBiAY S’ A6 INNRYINCLASALE! L08p | £88 diapd fitng

posi ti onal Iation of each convergi ng 'poi ntofthe nmeasurenenttardget

wavef ront fr am eaedt fdr Lonves g agpagnbpttbaindeglswavef (ront,, irdeasMeding a
Aspherical aberration and an astigmatic difference can be thereby obtained
as t he aber ldtghdrise ah fiolvenen oy echg ahel drsr Pht i fortbhere prhgestdge gont cal
unit 22 drives the stage 13 so that the unit UT noves to the plurality of
poi nts on t 5 SIEN nEges F ARk AG LyurftHtes 2Re BAGH tiiled 55t blrevapld SEnzpesed,
Then, at each of the plurality. aof points within the inmage. forping surface
of theltbr of Saet Pt TR Theealbmslr G S Ao 12 S aHAGH Nad SO ie i Has
entire measuk gp_%-i ned.t hr e L he
aperture APL&VQ%{T%F%S:‘%&Q%M \t/?\éﬁé%r ?h%ﬁgngagﬁl;i Eg ls*gshll}eér]rlle%& %}VS;E]['}II?%IP%{{)
operation, alr Ratde PEmERR sRIAWA) i1Y) 86y BBNRES QWY YK D8 bRBYS fOd 4 POng
surface of the projection lens PL, it is feasi'ble to neasure the positional
devi ati on ofareadk reerMves it Peidd pofs dde vmasiglersy drypattioR2optical
Repl acenent Sheet dated 19 Decenber 2002 wavefront from each converging
poi nt of thevisdeal, aavefraarginapdsatéommsteactionanirte(RRET | felrd]etsecting
distortion and a astignati sm can be obtained as aberrations of the

proj ectd on E&Fd PIPoRBt éoPRAL el EOR T PRAFGCIATBIR: T3 P BEREIIEISRL TR ERe

light 6 beap,of .t he MRASULETELL; Lar 9B, YYe LRk ,S AP SHLAUM ELLILS of

theprojectionoptical systemonthebasisof thelight positions
detected by the converging position detection unit.
According to the invention claimed in claim 30, an
20 aberration measuring method may further comprise a step for
removing the aberrationmeasuringoptical systemafterthe light
beam for measuring the aberration has been emitted to the
projectionoptical system, anda step for removing the measuring
unit from the substrate stage after measuring the aberration
25 of the projection optical system.
According to the invention claimed in claim 31, an
exposure method for transferring onto a substrate (WH) an image

of apredeterminedcircuit patternbyuseof aprojectionoptical



the unit UT the first enbodinent. The collimtor |ens CL may,

however , bepr ovi dedi nauni tdi fferentfront heunit UT. Mreover, as a matter of
course, the |ight beam of spherical wave that travels through the
measurenent target optical system PL may .10 be neasured by the present

appar atus without using the collimator | éis CL. As descri bed above, the

unit UT is placed on the wafer holder 12 on the age 1 d_the novi

unit Mnoves the lens L and the apertu%gp%ﬁmpﬁn%%ée%hﬁfaﬁ¥qgrD?ﬁ@bﬁ%éggging
system 15 S, whereby the wavefront aberration of the projection | ens PL
canbesi npl ygpasuredpr. N, t @60BasYEisNGS hewayteFoenhalshkdhiyoin tfbd heaPiehest i on
|l ens PL, the aberration neasuring optical system (mask for neasurenent) is
renoved fronhehersfageioargtihe LeystEh by uaksof tasmisdr f 4 ohoh e sstagend 3.
A wei ght of 20 the stage 13 when used for exposure is reduced by renoving

t he unit UTmeghoglicaianed agelaimFehere trpa sdisarriatd bive canchd tirsdsiged by
using the exposure |ight source on the proj ection exposure apparatus, and
hence the aBB&PaF Her 4o%nsi zed. Moreover, a space for the nmeasurement
usi ng separate i rf ri : . . ; ;
requir gd, andt heabé?f:g?itdgrrllcgg%gg?rr}tégslur e %Jforé %llag%m%%clunr acéﬁlgleé%ﬂsae do%“ucs(le ng
the single h,ans A% tAid 85 @& Ntind Tu@Hgh td b e RS RQIRCEd PP hNSHEL £an
be adj usted based on the neasured result in the state where the present

23 Repl acenenbstiesie datedahdinegenbera 20N o1 0adl @bed i it | pat t@as Usy Ng
unit is placed on the stage 13 of the proj ection exposure apparatus . In
this case, ibbecofbanpdovjech iam apttd dedns yadjarst (FHg dexdme;ises.a,stée of
result of neasuring the wavefront aberration is fed back to the auto | ens
adj ust i ng 5Mgévivdd AN #RpEed e he? hiekhet RECD 8FE&S N 2R tHE 3 USTRM Rihat
is exenplified a he auto | ens_adj ust. ng device jmay be.a npvin chani sm
for Conlhgi nb SEHEE SRAGHRT TRt BER R T I EF BRa AR TR PP ASRTEoTh an
opti cal - axi L i.an. at a o] e t i-t.uting the
proj ection ?5%?53%%h§25?15ﬂ§ ggggggFebgﬁﬁﬁg%}Egnﬁégﬁgﬁiéﬁggg?gggfusting an
air pressure between the lens elenents, and so on. Wth these mechani sm
the wavefront aberration of the projection optical systemcan be

aut omat i cal BRIGE @RI BNOOK heFi pPRa®W INGSM ng characteristic can al so be
enhanced. 15 (Second Enbodinent) FIG 7 is an explanatory view show ng an
outline of configbld&tibnis A vhewvidieWwind 6f COhé 1guagd ishm Phed s} e § ban
exposure apparatus in a second enbodi nent . The sane conponents of the

proj ects on EXFOSHE apPRFEELESI MFINE sRcYAY SEMoE n@hgrption measuring
ast hosei nt hefi rst enmbodi ment -ar rk i.t ht hel | er al f .whi_ch .t he,
repetitive 8%&%% ons” aarlldfllfgusﬂngt%ﬂ&%“sengr eo%sntq?? e%segﬁn hénf’ie(r%léctlon'
embodi ment the wayghy.ont sabenf A 0f &g LALRr ShBGLLAN ! BohRlo Ak fon 1in
measured by use of the exposure |ight 25 source on the exposure apparatus.
In this casehd ¥icindesi babke dtwde aoff athes pe oj@Ic tRAS Wiips U e aipdtation
of the projection lens, which includes a point light source, i . a. , a

pi nhol e be phowrded iRIE&helposition of the reticle R Accordingly, the

20 FIG. 3isa viewshowinga configuration of the wavefront
aberration measuringapparatusintheembodiment of thepresent
invention;

FIGS. 4A and 4B are views showing configurations of
modified examples of the wavefront aberration measuring

25 apparatus in the embodiment of the present invention;

FIGS. bA, 5Band 5Carediagrams each showinghowaposition
of aconvergingpoint Pshifts dependingonameasuringposition;

FIG. 6 is a conceptual view showing a relation between



24 Repl acenment Sheet dated 19 Decenber 2002 | aser beamIL emtted fromthe
exposure light source is converted into |ight beam of spherical wave by the
pi nhol e of the reticle R Herein, an enhancenent of the accuracy of
measuring the wavefront aberration of the projection lens PL may involve 5
decreasing a dianeter of the pinhole and Yfeki ng the spherical waves

generated at the pinhole approximte tQ ideal spherical ves . en
di ameter of the pinhol e becones snall, Rﬁ%%/%:\?g??tpghﬁ?fa%ﬁ%1§fDeth§?esrm2W§d
| i ght beam decreases, a contrast on the imaging surface is |owered, with
the result thatsaulenger 8rperi Rdvefrbnteu snaesdethd pindhecAERS W £r@aE .
Furt her, because the projection | ens aberration neasuring reticle provided
with the piwhokériositysed when neasuring the wavefront aberration of the
proj ection |lens, and because a reticle for exposure is used when executing
a normal pattern EXfesUrie aitiew séquiingalsonhagurhéiost ioltehee icdpltEced
on the reticle stage and be aligned each tinme the aberration js neasured or
the patternCéxpdeute29e Shrihe P ANSC N 1T bF & 2RPRI 2 hrBubhputS Sf
decl i ne. Theproj.ecti Qnexposur eapparatusint hesecondenbodi nent is contrived
to obvi%ate ?ﬁé BovE proo |"§fh‘? ;h)g,segé %Hé’\%ﬁ%ilr?”zo FIG 7, for instance, the
reticle stage 11 hag. ag RINAO) Lot ok IRASULLAG b2 MK LhOMe AAGL Al o
of the projection [ens. The process of manufacturing the sem conductor
devi ce by usg ehet Beaget b€l €nR HebABE tWolnh el stirfe Wgp Radthes Nin Sa thel sane
as the process described in the first enbodiment, and its 25 explanation is
t her ef ore oambbedmeNaxtqf atlpe opessent neaswmtiing it kendvavef ront aberrati on of
the projection lens PL will be described. \Wen neasuring the wavefront
aberration of theFpFoj2cks nviensiplustrati®G eneasehgbeesnrcoPfumiRT AT
drives 25 R%pl acenent Sheet da%ed 19 Decenber 2002 the reticle stage 11
in a stfate 8fCth¥2Y§ APSFIATLRB PEASHTE R rEMAPWTh the circuit
pattern, and the pinhole PHis thereby noved onto the optical axis AX
wher ei nt heaberrati oni smeasured with the |ight beam fromthe pinhole serving
as a poi nt beghRrPEN G6F TES! AREFWRRRD! ReBERVRimerd aberration measuring
unit UT(of whi chtheconstructi oni st hesaneasi nt hefirstenbodi ment) is placed on
the stage 12 via Eheowdimndwlcder th2. pNextntt haveaptiing wiiltl Meredes fier
lens L and the aperture AP or the neasuring systemS so that the entire
measur ement beadgsic nidvad rohth f refretentiee toorhher ¢ erpriedsy i 8gsdaamdd dshr ough
the lens L and the _aperture AP within the unit UT or the neasuring systemsS
As d&scribed abdVérsth&EMRadiiemial deviation of each converging point of
t he measur ement tﬁﬁget wavef r ont i% obt ai ned %nd trhg:.aritgerreti c jpr acessor
PC executes the i At&gratithg Bbel atSBH 15 & FPAF AdY “450vE Chet &7 7 T he
conver gi ng (I I b St LN rQj-8Ct| L
i s conj ugat %g gtstu%reé gLFlﬁfe{;saéé%?h%%egﬁmg:‘ E%é%%&%he% &ggtegirnél (?ak%e}fﬂaag{)%?ﬁt he
wavefront aherisaidionfuhibeICeaA®e dhEaabbid®td Sied the tSphel iheleinafter
aberration, etc.) of the projection lens PL are fed back to 20 a | ens
control uni bel&xpThénkens Thatgmd]ealt i oh @ x@guh st s appa rspgacs marhdtanstonr ¢ fie
respective lens elenments constituting the projection lens PL or an air,
pressudle inat semisipdugitehedevbeewbenngd tHd hhasisl riuihePahverpontThis

aberration %%%%éég¥g§*g;posure apparatus will be outlined. Laser beam

LBO emitted from a laser light source 1 are adjusted in profile
by a beam profile adjusting optical system 2 into
substantially-collimated laser beam LBl. The laser beam LBl
25 travels through an interference fringe reduction unit 4 for
averaging interference fringes and enter a fly-eye lens 5. The
interference fringe reduction unit is structured to enhance

uniformity of illuminance on a reticle, of which the principle



restraining, wwthin a predeterm ned range, a quantity of the 25 aberration
of the wavefront transmtting the projection lens PL. It is to be noted
that the unit UT nay take a configuration of being detachably provided
directly on the wafer holder 12 or the stage 13, or assenbled to the stage
13, and further a 26 Repl acenent Sheet 'Jated 19 Decenber 2002
configuration of being detachably provided on the side surface of th age
13. Moreover, in the second ermbodi ment ,ReP%aéJeF‘?@%tShﬁ%ta&ab%cL&?n%ecteﬁ?%’ﬁgﬂg% he
pi nhol e provided in the reticle stage is used as 5 the |light source,
however, thesprgsgRl olgentiPn Japidsd i Miednto Lhig-opde. Bhgirietdci &,
stage may be provided with an area for diffusing and transmtting the |ight
beam from t ke .bioght2 630ur b§ dhe tdre sdea apgiINg: drof Med aise rabsamCal.? @kiting

| enon-skin state, and the |ight beam penetrating this |enon-skin area may
be used 10 abeafliyghvesbeansed fagre Apgddieimiguprha aafided Fdmt gbér vaei arf 1 e

| enon-skin area has a function of diffusing the transm ssion |ight beam as
a gl ass- | i kES4PHf ST T at 8 RESTdd 3he g gld SPpEaRFpBnéLLatiSnG I EE e ea
may be _.concgi ved . . . . .

subst ant i al Eytﬁ%ﬁ %islr?&‘tdeaf:logh% begrpfogéﬁﬁﬁlr%ﬁ?g fo%%;%lesrgocsa‘?d 15 {508 RS ed
froma plurgahid y0ft HH Bb iy s§P¥EEeSor tHY FBEH c1hR SHJRG! &n Uxdd¥re

| enon-skin area " may be, without being limted to the exanple of its being
provi ded i nstik€aicet b¢l @ shage, WAL oVigesr ivedhernetd el € v dm ddwerdufstof
enbodi ment. As di scussed above, when the pinhole dianeter is reduced, 20

t he quantit yhef ftikédt saoendt i &duiglatt exe dined eertaades R (areds herfoesmadhougtth t he
measuring tine beconmes |onger, the measurenent accuracy can be enhanced. By
contrast, whBf BRERSIILE @ ey Ghy aghrgyEecand tokdyY ghing i oy oF miHeror

heri cal ted at the pinh b . I imate to th
Toal Upher DcaRd9s GEINEN =&k Phal ADor bhet FERGR LIPS LBANHT TAY BEcUr RS

decl i , t ' ti : it I ' f
the (1 ansm TE6d o TgneRsame Henba T Didas] FsTh  AGE RS oD L1 Te

11 or the reki cle Rihe fordmpyani ¢dnt he1phnhel es mo%EsR%WeaQ%fﬁr&les@@é%e
dated 19 Decenber 2002 havi ngapluralityof sizes, and that the pinhole be

al ternativelly .sefeehedaapdtused dcnngespdndhegre@ialteargel] InBasiHie with
accuracy. For exanple, if the setting of theprojectionexposure apparatus
has al r eadytheehasenpieared ianforhedexpddie wsfefr WhaleX igigd nist a patisr st ar e
sequentially executed, a main purpose is to neasure_changes with an el apse
of tin® in FEXPSI 2opEPEarténarart FRritI LSt N ilge PoYafrAftuynaf faterestscs

h ificati d g f ition, f tuat i ~0f
Cransm 1 anGefof EORTaEut b BNEs (1 Sfier 6o eltePY abp P doh cYat £ht ©F
wavef ront ”‘E@%‘ircq{é%nﬁ i@ﬁeQSﬁéﬂg@%ﬁéréﬂgrﬁ%ﬂi@‘é% ccﬁﬁéué‘tég%évP@é! od

he 11 ght C

of time when t eamtransmts the projection |lens a predeterm ned
nunber of tirmeswaffwd el ,id fcibekpaojgcthenuhepy ar watfdreasdline v dhea

| ens el ements constituting the proj ection lens is replaced with other
| ens, wafer stage 13. Further, wafer stage control unit 22 controls
20 the stage 13 sothat thestage 13 ispositioned andmoved stepwise
at a high accuracy. An Input/Output unit 24 is aman-to-machine
interface between the projection exposure apparatus body and
anoperator. FIG.2isanenlargedviewshowingtheconfiguration
in the vicinity of the stage of the present projection exposure
25 apparatus. Thewavefrontaberration measuringunitUTisplaced
on the stage 13 through the wafer holder 12. When placing the

unit UT on the wafer holder 12, the stage 13 is moved in an

-Z direction in order to expand a spacing between the projection



15 it is desirable that a high-precision wavefront neasurenent be conducted
taking a considerable period of tinme in the case of changing a wavel ength
of the Iight source . Thus, the pinholes having the plurality of sizes are
formed, and the pinhole having the size optimal to the purpose can be
thereby easily sel ected. 20 Moreover, thel6exposure | ight source is used in
t he second enbodi nent as the |aser beans with which the reticle stage is

i | | umi nated, however, ot herlight source AT TTHEFT ISPERT F3EFOM 20ptGeERFT &4t em
may separately be provided. (Third Enbodinment) 25 FIG 8 is a view show ng
an outline 9tngoBLi gHHAth@NWwhRekNRoYHERNIDY Qfeke SRAUS Dfeth® P QlowrEd i ON
exposure apparatus in a third enbodi nent. The sane conponents of the

proj ecti on expHsuaedappariatast idns heyt the dseabediorntrods urliased rsd hendt r st
28 Repl acenent Sheet dated 19 Decenber 2002 enbodi ment, are marked with the
| i ke nunerakée ohiGhVEh(padetieptartyve aodpl anatéonssandli blfusheatnohsUhr e
omtted. The process of manufacturing the sem conductor device by use of

the reticl efRPSr hed- W PFOORE g diefspatt eiPte $het RRe i astiAg WdRess
descrihed in.the first odi ment, _an her ef.ore .its explanation i.s.
ot e neRE R LSRR A RO TR lenR) AR O LR S P AN R i ch

proj ectionyhens Rln Male & teXP aidelasiieyal ehustage sontLoL wbte 2o
controls driving of the 10 wafer stage 13 so that the transmtted wavefront

from t hr oughntifheupried eetti bn Hrensgalkke -ite - fiddenll aad canwabart i ipad yeasieh ng
unit UT" detachably provided through an attachi ng/ detachi ng nechani sm D on
a side surfaeasofflt,hd st atpvelBroThealgerattiponofeader prgjwvtti AT leodphl ses
a two-dinensional lens array 15 including a plurality of lens elenents L',
t wo- di nensi 8faf8R 5 eFed, for converging the |ight beams of the spherical

waves generated at,.t.he,pinhol.es PH and transmt.ting the proj. ection optical
oystontbL.  and t hETEonY 8yl ig oS O of bt Etiichs U ¢ BEP & bPE Gt ekt F5:
each of POSLEQNS MG GddeuPlibahaly 0 LANEn0rek QRS ddi AW o foe
| i ght beans. Further, as i1n the first enbodi nent, the wavefront aberration
measuri ng upirk sig i aFeatdenf.i gNrsgid O LORbaI Mgy d o Esk hessediwgtthé he
pi nhole PH and the pattern, the two-di nensional lens array L' and the
conver gi ng pevietiimam tdethet 1 aini omi ¢ £ DHTe @25 NetkeidhatehbhePEtlageudd of tlhe

reticle R it is preferable, as stated in the enbodi nents di scussed above,
wi t hout bei W@ VedHaTHeaPes reftd Q5 REBFBL1BE Wby Vdeacow F AL ARGV DRBedIreFRNL

pi ol & he L emon- Sk N2 8B dre Rister 30l Yo el d8pLh PL R e 82
aberration measuring unit UT is, as described above, placed
on the wafer holder 12 on the stage 13. When measuring the
wavefront of the projection lens PL, the light beam of which
awavefront is spherical are incident as light beam formeasuring

20 thewavefront aberrationupon theprojectionlens PL. The light
beamof the spherical wave canbe generated fromapinholepattern
by disposing a mask including the pinhole pattern in a position
(on an object plane of a projection optical system) where the
reticle is disposed and illuminating this mask with the laser

25 beamIL2. Anaberrationmeasuringoptical systemisconstructed
of this mask. Further, a point light source may be used as
a substitute for the pinhole pattern. Moreover, the exposure

light source is used in the first embodiment for emitting the



the plurality of pinholes having different sizes be provided, and, as in
the second enbodi nent, the pinhole suited to the nmeasuring purpose be

sel ected. Thus, the stage or the reticle including any one of the pinhole
and the | enon-skin area 5 constitutes the _aberration neasuring optical
system The light beamtransnmitting the dT7oj ection optical systemPL are
collimted by the collimtor lens CL. Then, the parallel | ight beam i s

i nci dent on the two-di nensional |ens affBIFSHREre SPRT FRARf 71 RFE™RT =it s
L' are arrayed two-dinensionally. If 10 the neasurenent target wavefront of
the incident kikghbchram PasyRi d8VE R inds i raMitiN@nidRAle VRVRIWON i, iothher t he
wavefront with no aberration caused in the proj ection lens, this deviation
appears to bheégatpesutricenaindextihatid dn lafmitriet icomv erpdiing Ipasidt e nofy tdieso
measur enent targetwavefront fromthe convergingposition 15 of the ideal
wavef ront ohet fepesptedyi pgopasied . .onTHet eeghbrbeanto Dithe Frheiri edbetd e
processor PC cal cul ates a wavefront aherration of the proj ection |l ens PL
on the basi $Sof PEAEERdsON BFAD SFVIR i'GTOFF L T SR diftty 581t S Hen

| ndivi qual Lens elemeat b, of 4 be higdLosnsional, | s par T axe 20 1T &
one poi'nt on teheqmage flor’ti ng surface raugh thepr o] ecti onl ensPL,

theposi ti ongl,deykabbenaheaciymasiy idig PehBh, Ok nkheoTeasdeEnt Jiff 3dams
wavefront from each converging point of the ideal wavefront, is neasured,

t hereby nakkig ¢dénpesgelliey bocobtargihbel aphér,i sal saabepeativere ARddhimed
astigmatic 25 differenceastheaberrationsoftheprojectionlensPL. Further, the
st age contrek aniap@tdrevesophéispagediBesdnthibhethensini tt ughsroves aly
plurality of points on the image form'_n% surface through the projection

| ens PL. Thé@nPa&t &fcHhft tRVeraeal LLght 3¢aRepl AeenBAL tshdet! dHtledPaam
Decenbgr 2002 of _poin on within the im form ng surface through the

pr o ool on PERRLAS hEFauel TRGGHUE 1Te Boa T T &8t Skl
measuri ng pQi : r f : - v, j
ot of -t e Rt R O P e S & W e
distortion andtt beTastitgnati ey ee 9t ahhedces. t hakeydad i Pivg Poime
projection lens PL fromthese results of the respective neasurenents. Then,
t hewavef r onPabmayat a badatlbeboletdetbddsobtat nedt commangcut vat ied ofof i tehel,
distortion and astigmati smof the 10 projection lens PL, are fed_back to
the | ens coftWeoldiAnsiamaTHE P eky GoRERBI UBATNY 3 QRYxEHHCRALPRELCHPRES

of wavefron aberr&t.i on data, adj.usts the ]zp(g([p¢n be n trga | ens el enents
const i Put i ng¥t R8RS Hrothe @i ’gjr]?a §h P& SPEA NG,

t hereby res i_nj. i £ hin,t edet.erm r ; Lty :
aberration tc%?'%t hraérﬁ%a%ge (?%%Jf %ﬁ%‘g%ngﬁﬁ@uﬂﬁd‘ﬁ%}%&oﬁ%ﬁ %\?%%EPL.PP&QD’
Not et hat t heyri t/TapBaytakeagoBki giisat hophefpbesagrdehatbabl yLprovdsiett pont he
wat er hol der 12 or the stage 13, or assenblljed to the stage 13, and further
a confi gur abiforthef quroxddethg npohetvbciai dyfderehe Strage alIaRO ifhevhich
accuracy of neasuring the aberration of the proj ection |ens PL can be
enhanced by nion@peasiatg an raeesWrs ngh ridsd IR bRcbionhkerdnber giNAHbEi t e
detection unit DET and_ a .position control ,ggcu acyt?lf

t he nmoving unit M or
the watler sPRFeUPN R FHRIGHEESTFTPPhROUBL WP PRy tPES BRI TGH M tFet Sts
conver gi ng it t ikl t he. 0 ~ ! y
be suffici e%?l ?ﬁ%tp#ﬁﬁeg\gi’gﬁ ls("t‘ asggi'lée}’zaggﬁt r% ?‘é‘ggg? Jan %?ltecﬁegféq]ﬁﬁg?%a
the proj ect irQREXPOSUHRAAPRYBIUSG{0g Ao EXPOFHER Gfo aBEPY Xt 2BW alfathe

projection lens PL. Then, a moving unit M moves the aperture
AP to scan over the entire surface of the measurement target
25 wavefront while keeping mutual positional relations between
the collimator lens CL, the converging lens L and the converging

position detection unit DET. In such a case, it is preferable

that the collimator lens CL, the converging lens L and the



31 Repl acenent Sheet dated 19 Decenber 2002 Further, an areal size of the
aperture AP may be nade variable in the first enbodinent. In this case, the
resol uti on becones hi gher as the aperture is nore stopped down, and hence

t he neasuring accuracy is enhanced. 5 The enbodi nents di scussed above nmay
be conbi ned as the necessity arises. In édch of the enbodinents, the
wavefront aberration neasuring unit is _detachably provided on the stage 13,
and may al so be, as anattachi ng/ det achNGMEEREM; §H1E‘H'erd8570} 13&%‘?‘*8@?%@%3@ e
by providing the stage 13 with a notched portion 10 and this neasuring unit
with an engagarenly iTRITRRSs 8NAa0I i 4 1o d Nisi PAivRed R MPEGOVETan i N
the case where the nmeasuring unit Is so constructed as to be attachable to
and det achabheelgrem thet stTagerhdchas, atlsekshivietice fpposhe ivhal £t Fedsighng
unit, sone elenents thereof, e.g., the collinmator lens CL and the 15 lens L
may be det abkabl y retsgcithiriedy Wi |erohectépacieos Bhit 1DET ;miyhehelrfd Xt t o
the stage 13. Reversely, for instance, the collimtor lens CL and the |ens
L may be fiREdireahistaryy ustakPItd e periare&’ bhe wrife BET mdlparever,

det ach%bly g?‘nstruc ed. |I’£) eachc of thg1 er]gt:)L%di ment s tlhee vvav%fr N ration
aberrati on &f SHF e PPoEREH bt TRRE PP LI Gt As b 8E TP S AE AT B RV ng
been assenbledq e EXBARIN £ rARRAIAL Uen AHNHIpARY 0250, bEe FRARIERM hof 0 ©

bei ng assenbl to the exposure apparat us. I'mng for measuring the

wavef ront abeghat s60rdey bRealynONcanl thaEidgsyaheindg e wad 2on ide teapl Beed
and the reticle is replaced, and 25 an interval of a predetermned tine, or
ti m ngs ot henith&xT.hese tim ngs may al so be adopted. On that occasion, the
measuring accuracy, as described above, can be selected. Further, in the
respective enbodi ABHEs, thife MSHTxUrEnt ghtMIBEFcENPs 2RgEF U r B A RIS avednt

Sheet dated 19 nber. 2002 as_the | jght f ing th

aber rall on, NoWesBe, BHHES |THMASourEe" MRy TGP S5 BECRSek= T SRt
i ght i t - L 6 -1 6 ,
A R e e

laser ( 157 oMl imaa¥k higherchardmicshwlr ¢ gt Bdnyapeind asey @iter AT
| aser. Note that the exposure apparatus in this enbodi nent can be applied
t o the scanpbygpe iexpasures @ppanatits DETSPYhededy 410} sfDeaekpbsi g dat¢die
i ght beam of a mask pattern by synchronously 10 nmoving the nmask and the
substrate, &het hatsreg- ﬁhéfﬁep@&tth®5§%ﬁyé§éﬁ@raﬁﬁa?%@ ORI @kPER NG E 0
the mask pattern in a state where the nask and  the ,subitrate are. se

stati ofary, "A5d FRGiaRF Rt Lo siate ip BEOTPRE T %ﬁ?é%&b&t%%e%
t limted to the. | i cat. f f i t i d
B R e TR LA M T B

exposi ng, €gond-the AYHH AE @EASSrBhahe QA& ldHhdrbegm of a liquid crystal
di spl ay device pattern, and the use as an ‘exposure apparatus for

manuf act uri ng a t Niot<f thatnagreett xa heatka 3@ Hse farnae magng flieaat ilohsofis¢die
projection lens as the nmeasurenent target optical system not only a
reducti on sy$eenrbovezicidican tdguibksaigpeamneatn dheaaid camidy afgerRt 5§atem
may be_adopted. The proj ection _|ens i nvol ve the use o~ a mateejg_i al . such

as quatt z afd-i3 bt PRet B8 CANGITASPRAE & Wi PRAS UTSRRTH tafget waverront,

while a peripheral area of the converging lens L is used when
converging (marginal light beam) on a peripheral portion of
themeasurement targetwavefrontinthe first embodiment. Thus,
different areas of the converging lens L are different, and
25 hence, if this lens L has the aberration, the aberration might
have an influence on the measured result. Such being the case,
for reducing the influence by the aberration of the converging

lens L, it 1s preferable that the converging lens L be moved



25 far ultraviolet rays if using the far ultraviolet rays such as exciner
l'asers . In the case of using the F2 |laser and X-rays, there may be a
catadioptric systemor refracting optical system (a reflecting type of
reticle is |ikew se used). 33 Repl acenent Sheet dated 19 Decenber 2002
When using the far ultraviolet rays are used as the exciner |aser, an
optical path between the |ight source and_ the substrate is purged by an

i nactive gas. Thus, in the case of usingPtHE™FAT UPEr 4¢Fef &t P%?@Pe¥ﬁ 02
interior of the wavefront aberration 5 neasuring unit UT may al so be purged
by the inaciiive ga88pecab thcUSEU18Ra20 1 NBRLI ¥E SRS tRY L& det i gmubeen,
argon, krypton, xenon, radon, etc.. if the wavel ength of the exposure |ight
beamis a wavrgl ehdille keepd.ng thieemuthiaie porif,i@tal e ldtaion oaiohe@hsoided
by oxygen, there may be used chemically clean dry air 10 (which is the air
from whi ch debst dnead Bécoripey taradsR: off thasi njovke vielte Mo pgferable
ammoni umions, etc floating wthin a clean roomare renoved, or the ajr of

whi ch a humt@iatty #3 s@(?"ﬂ‘rlﬁr?ﬁ-) ARpQ gPaddseRgtindiel eRRd: E?E&ﬁﬂ‘éﬁrglng
apparatus and_the 1 berratiaon asuring_unit in.this enbodinment are

mant act ur o B s SemBRORG Bo0lt PEt 36t Oas s (R A e PREpeRt i ve
el enents givenRd <l 84,85 @hId1gidyendhonrof the gpresende appl 1\GatdPn:1$Ps as
to keep the predeterm ned nechanical, electrical and optical accuraci es.
Ensuri ng t hegelacaipact €se 20t Ithe heforrey anth tafM enot’be aaselrbhy, Lnaki ng
adjustnments for attaining the optical accuracy with respect to the variety

of optical @psttenscaljesenehhe Boitiget digs vy aenhethnaetabayedwmaady: wit h

respect to the variety of nechani cal sgstens, and adjustnents for attaining
the electrical ac€dfacyButP"S & 129 ehampap efy toe Qagdiiqeeation

syste A pro of, the assenbly into,the_exposure aratuys fromthe
vari ot of SBbegttend ATl oHR CAr EBRNBEEF Ok EBE o eRtis & 4F ST 57 2 =
subsyst ens, ‘0 ; I i PTGyt d..pi -

oot acenant T FODAGRIARC 001 B0 LHBRLE 481 Bl orl- BLAE L ondhe tueen

pressure ci kgld henBefigr @ HhQ U aGHSS 1 drite tass et actd 14 dAEL EXPOSHE Ech
apparatus fromthe variety of subsystens, as a matter of course, there are

assenbl i ng preckssesdointties umditvUdtual A swelessist ieng s.y s& dopSni arc gt vfict e
process of the assenbly into the exposure apparatus fromthe variety of
subsyst ers, of tbeal eaf] bsthntenarexeR fk@na khs eAsEFitAGNt HB1§aPESusand

accuracjes as the ol.e .exposure_ a tus. Note that the exposure
apparalls, RS MO YR MFHTE) TS HRLT ALt PEERS THELRE o4t Fobm vHerer 4ing
tenperature 10 degr . ¢l ea S I a + Rurt , e
seniconduct5# ég@g%g:ls ﬁggﬂggéghfegﬂgyagﬁggggﬁg}Qﬁggi&#{Agﬁ%'f%%c%?%nb%nd
a performngewifsifegdevi ce, a step of manufacturing the reticle based on

this design step, a step of manufacturing the wafer by use of a silicon
material, a step Next, a process of calculating the aberration of the

measurement target optical system on the basis of an output
20 signal transmitted from the converging position detection unit
DET, will be explained. Described herein is a case where the
wavefront aberration measuring unit takes the configuration
shown in FIG. 4B. FIGS. 5A, 5B and 5C show measured results
at three points within an arbitrary area of the measurement
25 target wavefront, more specifically, how the converging point
P on the detection unit DET changes when the measuring system
S is moved to the three points. Herein, a plane of the imaging

surface IP is set as an X-Y plane. If the measurement target



15 of exposing the wafer to the |light beamof the reticle pattern by the
e€xposure apparatus in the enbodi nents di scussed above, a device assenbling
step (containing a dicing step, a bonding step and a package step), and an
i nspection step. 20 Industrial Applicability As expl ained above, according
to the invention claimed in claim1, ther? is provi ded t he convergi ng
position detection unit for detecting the_ positional deviation of each

the converging positions of a part of t1&? ?ﬂﬁ?tﬁgﬁﬁ%cﬁﬁggl%bD?ﬁ?ﬁﬁﬁﬁOQ%
the aperture stop on the predeterm ned surface, and the aperture stop is
noved Wi t hi g atRer fdriix 10f ahi AL a1AcSPEELBALY. 1 L Be, aberdald b Of (ddierical
nmeasurenent target optical system can be nmeasured with a hi gh preC|S|on in
a snal | - si zew refiatbes) myiltth no3abRephademnthS8heehvealgdthgl BoRecesbexi26682at
configuration by using neither the interferonmeter nor the two-di nmensional

| ens array. aACEHIEMG tf ttHee i dvepet banchal ke@Eln vbleaieviez, thre memver ghag

| ens conver rt of the light beam and the 5 noving unit noves the
convergi ng FORLSIhe MY SHertutd dhfy e e Pty FTEPERATSEROBlch RS

direction as to in Xk t he r |n ns_may
be of af’osrraISéICtmazleI%%%l%S%m%ﬂer e%ogregt%éaa‘ze ontH% aéc‘feurr ehgg é% ]gra?lon’
thereof is Law. FaRara: 1de b'cﬂﬂ?f@@@ﬁ%é%naif{‘@l’:?nﬁi?%%rcgﬁghgmé'@@fﬂ@m?z
the entire surface of the small-sized converging |ens, and a measurenen
error due tdrah ithfd derea ebvilfeaherratcerdifhdiig eengdpgnngnl EDSSit B f
can be reduced. According to the invention clained in claim3, the

wavef ront ald& eatd OFf rofepieadigres arsedd adny graineqidiont ext}dm@ui@vi.létion
apparatus for nanufacturlng t he sem conduct or device, etc,, can be ea

measured. Aottty CORHI I M SR oh AREFEY 3% TIHFRE ﬁltaii%r?)%s%lilbf*é to
h b o] f h h
precisgl v auoklx easui 6ot he Ahertalkon b use of pthe spherieal aves,

penetrating the p stpattern het fVENT TS ai ne

claims, they .”Wh@_e%%?@lbﬁ%l' behl JREYR B@%Ehéohbé?%%gdb&m%pﬁ' £Abm

system for illum nati the reticle having the predet circult
pattern wthHdecdh@bt keahe ALl 0g 1A fifRedrtvedlt | DRfekARKRGN N £] 8he 6,
the 25 aberration of the neasurenent target optical system can be neasured
with a hi ghmeemureayenn tdegstardvefzedt anangi nipéeefonéi guwat werlbya lisedg

neither the interferometer nor the two-di nensional |ens array. 36
Repl acenent fewaethgapedityopadeddetappon of the converging point P at each
15 measuring point for every movement is integrated in sequence

withrespect totheentiremeasurement target wavefront, whereby
an aberration of the measurement target wavefront can be
calculated.
FIG. 6 illustrates a concept of the calculating process
20 described above. FIG. 6 shows how the measurement is conducted
consecutively at the respective moving points. As discussed
above, a shift quantity of the converging point P due to an
inclination of a wavefront W’ at each measuring point is
sequentially integrated by use of an arithmetic processor PC,
25 thereby making it feasible to calculate the measurement target
wavefront W. The aberration of the measurement target optical
system can be obtained.

Inthe case of measuring the aberration of the measurement



According to the invention clainmed in claim?7, the converging |l ens nmay be
of a small size and is therefore easy to manufacture, and the cost thereof
is low Further, the light beamis always converged by use of the entire
surface of the 5 small-sized converging | ens, and a neasurenent error due
t'o an influence of the aberration of the Tonverging lens itself can be
reduced. According to the invention clained in claim t he wavef ront

8
aberration of the projection optical sySPEMiTRERY SPRe1EFRG 19r BFEEPPHIR002

exposure apparatus for manufacturing the sem conductor device, etc., can be

easi |y measyngdie AGEREBANISLA kR L VSN 4 Ah e EBLFRY urd Gl H BhBuyr tﬂﬁl FIG.

| ¥
aberration can be precisely quickly neasured by use of the spherical waves
penet r at i ng dphea @ Nhos i patd RliagihPecend Agetdet ke tAKEIhAGING! R FBgcEN
claim 10, the aberration of the projection optical systemfor formng a
pr edet er mi né®,candtrihte ban s érandiheheapsubgt e dtfea capdsd isaszd vd thi tdspedt gh
accuracy in the smal|-sized and sjnple configuration by using neither the
i nterferomefd &FGh tHAIIRI dR ABASPEnEh 20 0VdRY ditdy M Ac ddvedibRp ol emeot
invention clained in claiml1l, the aberration,of the projection optical
systemban bamreRray R Heahiah by uaehs L SERLFEE P chn et bRR=t or
generating acddaied ot Lol A 208 ERLHGRA RPoARGGRY ¢
i nvention c?"ai med | ne claim12, tahe aberration o? t he %rﬁ\ol ect iegl%ez)rgakzgﬁle

system can hengyierd aeky Atveklch fReSWRILbser §és the SP8LL intd s WeMRSnt
penetrating the pinhol es. 37 Repl acenent Sheet dated 19 Decenber 2002

Accordi ng t ¢datrdpet meardfiiomnt] eaamedhea dlaige 13 ddte bt r dthomlofrtdei pnoj
ection optical system can be precisely quickly neasured by .
subst ant i al [GRcBRI RaasEder Brtdoeant dhJal s it &l ega bfckpree igmanhahe-

t jtting in diffusi 5 transmi ssi mber. According to th
nvont fon CRASFLA "R PG i5 1301 PRG Cha0 o ORI Rt Pon o1 FRE 1 BEORbn

CPL ol SIS ASA | o0 OhESL D RARPLF, APRALR UL oLt acturi e
invention clai medriny Ll ditMbha pbABt on the image forming surface through
the projection lens PL, the positional deviation of each
converging point of the measurement target wavefront from each
15 convergingpointoftheidealwavefront, ismeasured. Aspherical
aberration and an astigmatic difference can be thereby obtained
as the aberrations of the projection lens PL.
Further, the stage control unit 22 drives the stage 13
so that the unit UT moves to the plurality of points on the
20 image forming surface through the projection lens PL. Then,
at each of the plurality of points within the image forming
surfaceof theprojectionlensPL, themovingunitMiscontrolled
so that the entire measurement target wavefront is scanned
through the lens L and the aperture AP within the unit UT or
25 the measuring system S. With this operation, at each of the
plurality of points within the image forming surface of the

projection lens PL, it is feasible to measure the positional

deviation of each converging point of the measurement target



aberration can be precisely quickly neasured by use of the spherical waves
penetrating the pinhole pattern. According to the invention clained in
claim 16, the control unit, based on a result of neasuring the aberration,
15 adjusts a spacing between | ens el enents of the projection optical
system and thus corrects the wavefront dferration of the proj ection
optical system whereby inmage form ng characteristics can he enhanced.
According to the invention claimed in GPFRIHCP"t REe2G AR al TSRS PR2
projection optical systemcan be easily neasured sinply by installing the
wavefront aberieatit o iREHRIdnWIbgfhg ghint MRS e WRfvd e PF O]
ection exposure apparatus. Further, thelightsource of the exposure

appar at us cande cosat ,as ciutr viat,u mnd £ hieineled | hed appar At os ataha e tdiaywst zed .
25 According to the invention clainmed in claim 18, the aberration of the
proj ecti on 6phi &l oRfsaEmedadsbabasastiedswiath thaigroheetiany Liemst Hd -

or 1 he {wo- df mentPORIHIAL S8 SRt bLBREHE SHEBC M ogo18 BAtOser h200% ens
array. d U1 g Lherelone feasibleche enbance,dbeciopge { A, pELl oL BICS
and manufacture a déevice W a hrgh résolution. According to thée Invention

claimed in ¢hal ghl® uthehe Mavel LaloARRIH@al | @ReOEol hEmRRQreeEhANCRRA $2
systemused in the projection exposure apparatus for manufacturing the

sem conduct aowderd 1Gthe et 6vidednnkaireiasdl §f srasufedmtHe ursi t el efMseover,
feasi ble to enhance the image form ng performance and nmanufacture the

devi ce withatshe higheresdl gougrse, 10 h&cddradithdpetaan tdfe sipheanitdah wa v neltat n
claim 20, the aberration of the projection optical systemcan be precisely
qui ckly nea$&edé sy through thhe R ST rerbed e F AP gRRRE st Y RESM PL may

t hel i ght beanf or measur i, ngt.heaberr at ion, andhencet heexposure wth enhanced
throughbut - BaTaiee Lhed B e R e Bb L A {08 Re LRRIBAT o Ehibel TN EPE
21, it is pgssiplg to easily neasure the aberration of the projection

optical systemand correct the aberration of the projection optical system

on the basis of the geaswietd eddde, WS ayi ANUEXRO I £ @t bW ieapabf €r of
exhibiting a high i mage form ng 20 perfornmance can be provided. According

to the i nvehbilaexldi oedthe sHagenld?, antd tke poseibd entioc damplgsnehsutens he
wavefront aberration of the projection optical systemand correct the
wavefront abeppgtith® éPamialysy dikd dhmeopmiidalVl st e maadfdl Hhasy sSv$tehe

reasul 7 25 L eabil e eby L exposiLe TRued Sapall s, o xRl 1Lng bl
canbesimplymeasured. Aftermeasuringthewavefrontaberration
of the projection lens PL, the aberration measuring optical
system (mask for measurement) is removed from the stage, and
the unit UT is also removed from the stage 13. A weight of
20 the stage 13 when used for exposure is reduced by removing the
unit UT out of the stage 13. Further, the aberration can be
measured by using the exposure light source on the projection
exposure apparatus, and hence the apparatus can be downsized.
Moreover, a space for the measurement using a separate
25 interferometerisnotrequired, andtheaberrationcanbemeasured
at a high accuracy because of using the single lens as a lens
element. In addition, the projection lens PL can be adjusted

based on the measured result in the state where the present



According to the invention clained in claim23, the aberration neasuring
unit can be detachably held in the exposure 39 Repl acenent Sheet dated 19
Decenber 2002 apparatus for manufacturing the sem conductor device, etc.,
and it is therefore easy to install or replace this aberration neasuring
unit when neasuring the aberration. According to the invention clained in
claim24, the 5 aberration neasuring optical system and t nmeasurin it
can be easily detachably installed in Eﬁ@fﬁfﬁﬁg F§33%63F3$§§.D%f@%?ﬁ%ﬁgpto
the invention claimed in claim25 a mask can be easily detachably placed
on a mask siager At LR rRaAsSEh e 4R i f@Pe: aasbhy det aahehkysahyached
to a substrate stage. 10 According to the invention clained in claim 26,

t he mask hawvifnghé beopienttdlon papbeurecppdeatasi | VIrdehashadde, pfawndetheand
hence a pinhol e having a diameter proper to the aberration nmeasurenent can
be easily s@i&dtaniauseckrf Agive tilw daviaer @f Tl athedrasnkl afmeasurheg 15
aberration of the projection optical, syst can_be easi | asured sinply
by 1 not al || 165 HevBAFBREHESRRBF 0 b SRSABBEANGS GRa SRD LoRS 29 Heo Wt er
stage of th Q] ectian - rat r L gh ur

t he exg%surgéggg%?a hg'%gﬁﬁgéH{ g%&&%e?iﬂﬁg, %%%Q%éﬁgéggﬁ%ag%%Fggfigﬁh%%
nMeasuri ng URiste 2aRpPe rdeunss 2ok ade60r&h 18 dHR dthithd A¥eRltieORa ¢l BREb ¥ Ing
claim 28, the aberration of the projection é6ptical” system can be precisely
qui ckl y neasecsch hiys i S wicHarey dn@hih deqra d imgnkidtes edoe rirtad i loam sresisanie mgs
optical system provided on the mask stage. Further, 25 the neasuring unit
can be easi by dénatkalyl ympvongden Gn phéisalstrdieddrggdioncesr ieagttonehe
i nvention cIaigEd in clafjm?29, the aberration of the groLection opti cal

system can Bé FBSdiE)S © %mﬁ@EFa%%ﬂﬁﬁﬁtgﬁééﬁ G5B 29°pEdORpLFNS0BE, and
i i.nst al.l i.ng I it . St h
ro ect on Bxpbsaraas B iy MRS R4 g At e T8 Dt b on

measuring oplitGRle S SHEMe M rEQMAEnt & Neahd 05 SOUT 68 +9f e &HRASAU RS s,
apparatus can be used as it 5 1s, and hence the apparatus can be downsi zed.

Accor di ng t @hih@aivererintoabelraiatEdr b fctaem 86; catwengbpt otatlheysubat cahe
stage can be reduced by renoving the neasuring unit. According to the
i nvention claiamwdomat ttail iy3b,r v &), abdihatimageforhénpodjaectdter bptica
systemis neasured before
can also be enhanced.
15 (Second Embodiment)

FIG. 7 is an explanatory view showing an outline of
configuration in the vicinity of the stage of the projection
exXposure apparatus in a second embodiment. The same components
of the projection exposure apparatus in the second embodiment

20 asthoseinthefirstembodiment, aremarkedwiththelikenumerals,
of which the repetitive explanations and illustrations are
omitted.

In the first embodiment the wavefront aberration of the
projection lens PL can be measured by use of the exposure light

25 source on the exposure apparatus. Inthiscase, it isdesirable
that a reticle for measuring the aberration of the projection

lens, which includes a point light source, i.e., a pinhole be

provided in the position of the reticle R. Accordingly, the



transferring the circuit pattern, and therefore the pattern can be
precisely transferred. According to the invention clainmed in claim 32, the
aberration of the projection optical systemis neasured before 15
transferring the circuit pattern, and hence the device can be manufactured
exactly with the high precision. 91 Rep’“l‘lacerrent Sheet dated 19 Decenber

2002 WHAT IS CLAIMED I'S: 1. An aberrati_on masurisﬁge€%gg%%hgcho§§% eh@%t a

converging | ens for converging |ight bESRTIFATRY i
target optical systemon a predetermned 5 surface; an aperture stop for

transmttingaacpasdaRitdigi ¢t 88t Reahe @xgs@\éim vpght fsQu iy i B sidldr t ed
aperture stop within the flux of light; 10 a convergi ng position detection

unit for deteeb hightpesahichabhdevictli eavefbp tonpangioig pdstiée aretafcke

part of the light beamtraveling through said aperture stop on the

predet erm n&d siefatd; andeahamdanand ief prloeessrngaaii ©If sleacaiinatimg an

15 aberration of said measurenent target opt] cal,sxstem on_the basis of an
|

out put si gn¥PVELEMEai P Tohvet G ngEpbdict iRhP et ekttt on®Ai £T Ql:ayAn‘Ln..volve
0t 4 ) PRGNS 10 IR L0 MR D

conver dgi ng 'ens ¢conver ges a part m an

nmoves sai d gaRe geRe ragrsy LAt _@Hé%iﬁ(ﬁ@é"bﬁﬁt@xfﬂ&ﬁé%@ Hop1 igprdweical
direction interseCting the optical axis of the |ight beam 25 3. An

aberrati on paaw. nghappaiatiambak reh s el gighlad] @belcioaid sosmal 1a Hywgeet j on

optical systemfor transferring onto a substrate, an inage of a

pr edet er m nedquantditty pitteanshotied lightRephuceeeneasSheet adaerdrast on

Decenber 2002 on a mask, conprisin an aberration neasurin oEti cal system
ASEbLoahe

for emttinghg FF@HtinSeél’ﬁrtf@rc%ésgpiﬂﬁ@'etdhewéﬁé‘rFaﬁi b p? of RIF BN
opt | Ca{o SyStp%ryiod of time is needed for the measurement. Further, because
the projection lens aberration measuring reticle provided with

the pinhole is used when measuring the wavefront aberration

of the projection lens, and because a reticle for exposure is

used when executing a normal pattern exposure, it is required

15 that the reticle be re-placedon the reticle stage andbe aligned

each time the aberration is measured or the pattern exposure

is carried out; and therefore, the throughput might decline.
Theprojectionexposureapparatusinthesecondembodiment

is contrived to obviate the above problem, and, as shown in

20 FIG. 7, for instance, the reticle stage 11 has a pinhole PH

for measuring the wavefront aberration of the projection lens.

The process of manufacturing the semiconductor device

by use of the reticle R formed with the circuit pattern is the

same as the process described in the first embodiment, and its

25 explanation is therefore omitted. Next, aprocess of measuring

the wavefront aberration of the projection lens PL will be

described. When measuring the wavefront aberration of the

projection lens PL, the reticle stage control unit 21 drives



5 a plurality of lens elenents, two-dinensionally arrayed, for converging
the light beam for neasuring the aberration which has travelled through
said projection optical system a converging position detection unit for
detecting each of positions of the |light beans converged by said plurality
10 of lens elenents; and a measuring devi’Ce for measuri ng the aberration of
said projection optical systemon the basis of the converged |i htlposition
detected by said convergi ng position dgf%EFfBW“UﬁF?ngéte.1&H*§%@??a@?%%
measuri ng apparatus according to claim3, wherein said aberrati on neasuring
optical systgmidicidfesitRd sk f ars tPas Wi bW S ARRIIALE OB, t Kk $RAsed e
substantially in the sane position as said nask fornmed with the

pr edet er m NR& cxrnfedliwti that herdi + su it prpased-randnbBayh € ¢ iahal pPHNDS & heatdier n;

and an illumnation optical systemfor illumnating said mask for neasuring
t he aber r athomediant a hiee bpghitcals x ppA%herheitd ont headberney lappasaegsured
according to,claim?25,.4, wherein said illum nation optical systemis an

i |l uminati oYﬁlBBtFEfél l%?é?eﬁ’r‘??@rﬂ??uﬁ%éﬂ%%ﬁé%% RE 3 Frih &P A dight
gg;??;?ig%tgggg%engﬁés al‘BWB%H|%ﬁﬁggg%e§QQ§h:%@&gga%?o%ﬁﬁ&?@?%iﬁ%Q%f@: Al
ari'ng” method conpfising:. 'a stéep for converging ITg eam

travel i ng tHeQugh A JPPASEEBABRE UYL OPh L SaheSSIAR OP1 s PLadelanE ted
surface by use of a converging lens; 5 a step for maki ng an aperture stop

transmt a parplatetihenl tgbtsbegs 12 wbai tige St£Pe f dio MO¥ENY2 SaiNEAPLrihy e
stop wthin the flux of light; a converging position detecting step for

det ecti ng am¢@ipgsinivNMaioveytaeilenoi agohvee gipey tposs APor diie aiggaur iofg t he
| i ght beamtraveling through said aperture stop on the predeterm ned
surface by B¥ESFHCONYRriiNgPds ENdida BEESHT ARt TP & vavidhmrr § Lrom
processi ng ep. for cal culating an_15 rration.of. said ne renent, target
ot cad syst bR HES bALT o Pa f Cahsit ot Shaf ot T 4 SR EERI A hg
position de { g st : i i hed rdi

Gl ai m 6, 20" ahey i atme {HE U] Fak RpaReR G BhetEhnes ARy ie
conver gi ng §beRe,aRBeSpod 1GAMRIDIdGr il £oh So fMaech | Blo@Gieddd M Mddy Bali sl
aperture stop in the direction intersecting the optical axis of the |ight
beam i n sai dheovimgastepmedd 8.t#Angabemwate romeadisr | optaghkedd fand the
measuring an aberration of a projection optical systemfor formng, on a
substrate, anithagdist rreresecer ACnegesiut@s ttipat ivkagfretipg opsgation

Repl acenent Sheet, dated 19 Decenber 2Q02 on a sk, conpr. si na:
P 15 exp?f.ainedt above. Here%n, tqqe converrgaing’; posrm:ion o% the light

beam transmitting the projection lens PL is conjugate to the
surfaceof thewaferWH. Then, obtaineddataabout thewavefront
aberrations (the comma, the astigmatism, the spherical
aberration, etc.) of the projection lens PL are fed back to
20 a lens control unit LC. The lens control unit LC adjusts the
spacing between the respective lens elements constituting the
projection lens PL or an air pressure in that spacing there
between on the basis of the wavefront aberration data, thereby
restraining, within a predetermined range, a quantity of the
25 aberration of the wavefront transmitting the projection lens
PL. It is to be noted that the unit UT may take a configuration
of being detachably provided directly on the wafer holder 12

or the stage 13, or assembled to the stage 13, and further a



a step for converging the |light beam for neasuring the

aberrati ont hat haspassedt hr oughsai dpr oj ecti onopti cal system by use of a

plurality of lens elenments two-dinensionally 5 arrayed; a step for

detecting each of positions of the |light beans converged by said plurality

of lens elenents; and a step for neasuriﬁﬁ the aberration of said

projection optical systemon the basis of the detected |i 3% $ositions. 10
e

9. An aberration measuring nmethod accofGPHFere ciSarsh &2t TR 14 Ght

beam for neasuring the aberration is |ight beamfroma pinhole pattern on a
mask, for nmeggyfi Qatﬂgorﬁg%%éihgrae@éélﬂ’%fg i 80 IR EYel 1 408 B Ece

position as the I5 said nmask is disposed. 1 A proj ection exposure

appar at us cefipthel rEag 13) um nati on optical systemfor illumnating a
predetermned circuit pattern with the |light beam 20 a projection optical
system for form njorkeveinr, cin themeermd embwdiimerdd wheh itdhd beghtedsesmiman a
substrate; and an aberration measurij'r;%&i apparatus, clainmed in claiml, for

measuri ng ahPABSGRATGN PAHNNOAiS BR8] o dits atiSAs chiads 43 used as
prol o on SKRCEUL - IPRRLAL VA SO LRG0, LhL AT AR 00, s Sy

ned cirtcuit pattern w

light; a stage.f95 RHRROr tTRHY S& f-TBSKE agedra Fa goeIRMeSheetn dat edr 9
Decenber 2002 a projection optical systemfor Torm'ng on said substrate an

i mage of theoei gediftuspald emd itldawsntiadech g tite tihisgHt ghdam aftbrarcrederigit on
measuring apparatus, clainmed in claim11, 5 for neasuring an aberration of
sai d proj ecsbomcept j cdle systdminmhécamedsand soageloeds@momaskihastate,
generation nenber for generating |ight beamfor neasuring the aberration of
sai d proj ecBPentbptliiat HpseRenedreLing phofpekenon ekpbsine? gFyapatwsed
accordjng to CI?Li.m 1, wherein said ener%ion menber is a Fi nhol e pattern
for convertPig* tHéd ght' Th&€anPf Mt Taf o791 REELER PSP PEAF 24y Sem i THD
spher! cal VaYaSn A o dd DI LA Ie0R DROP WL ARRYALNS B Ul {05 L6421 ™
11, wherein said generation nenber is a transm ssion nmber

light beam as a glass-like diffusion plate has, and the light

beam penetrating this area may be conceived as

substantially-collimatedlightbeamsofapluralityofspherical

15 waves emitted fromapluralityofpoint light sources. Further,
the pinhole or the lemon~-skin areamay be, without being limited
totheexampleofitsbeingprovidedinthereticlestage, provided
in the reticle as in the first embodiment.

As discussed above, when the pinhole diameter is reduced,

20 the quantity of the transmitted 1ight beamdecreases, and hence,
though the measuring time becomes longer, the measurement
accuracy can be enhanced. By contrast, when pinhole diameter
is enlarged, the configuration of the spherical waves generated
at the pinhole becomes less approximate to the ideal spherical

25 waves, and therefore, though the measuring accuracy declines,
the measuring time can be made shorter with a larger quantity

of the transmitted light beam. Hence, it is desirable that

the reticle stage 11 or the reticle Rbe formed with the pinholes



for transmtting in diffusion the Iight beamfromsaid illum nation optical
system 20 14 . A proj ection exposure apparatus having a proj ection
optical systemfor transferring onto a substrate an inmage of a circuit
pattern formed on a nmask, conprising: an aberration neasuring optical
s'ystemfor emtting a |light beamfor rreaszl]ring the aberration to said
projection 25 optical systema plurality ofl ensel enents, t wo-di nensi onal |

di sposed, for converging the |ight bear%ePbarceﬁ%%ts&PF"ntg dehre 2Bets5PPTN 2Wht ch
has travel |l ed through said projection optical system and 46 Repl acenent

Sheet datednh}9iBRCePPEEaZ290Y o §PPNET ANdL IROSEhE QN RS 1RCHE AN tWidat Qe 1y
detecting each of positions of the Ilght beans converged by said plurality

of lens el eselkstcn 1dnd Agyd] €ckireBpexpdsiy e appar atisr@ecomdiayiting
claim 14, wherein said aberration neasuring optical systemincludes: a nmask
for measuri agculracaber Fariesrampli &pos st esidist amg p&lthe proi det sameyrosiuion
as said mask fornmed with the predetermned_circuit pattern is dlsposed and
having a 1OaBPﬁH@Ité15p§tatsePﬁreé’ﬁd’ BRen| FGWP%&F?SInaBHtF]E%Ie%@/%‘éH?\SO‘P

il lum r}atl ng saluqtrras for ITEé’:ISUI‘I ngu alﬁrratl onu?n 9 h the li 1Ose
proj ecti on SxpSSire PATPAT A Us™ AT cOF ARG T8 T¢ai TT5 IE £ dr fRe é’orﬁiorl 5% ng

a control unittd e LANML ChlaQ ARSI éﬂl %Qa@s@%f' efmd 1%%e9fns°c9f'di§\hcal
menbers constituting said proj ection optical systemon the basis a

det ect ed r estilatr a@itean §4 068 Sk thagenves gh g pesiatraet ddetact ¢ ®nsuaht . aZaO ar.
A projection exposure apparatus according to claim 14, further conprising a
substrat e smageiffdrcdioleh ngnshi d gl aresiwkhemsi naad |Ehsttoatiohssad
plurality of lens elenments and said converging position detection unit_is
det achabl y Eﬁaﬁﬁ%%% gﬁFﬁechét@%f%@% 16 i athevpéerpaamiacdRy ¢ ng

met hod, i ncl Eu_g a ste or transferri predet er m ned

i roui 1 pat FBAT Hhe 82 Ve4F GRpREEBHERT “Sidet OISR B RS Eeh S5 q i acy
substrate b¥olfs‘3 Qko%tpb%'rl%(\cf roral tqme' %lenS}E%teemlg%Wéa%?%:ransmlts the

projection lens a predetermined number of times. Further, if
the projection lens or at least one of the lens elements
constituting the projection lens is replaced with other lens,

15 it is desirable that a high-precision wavefront measurement
be conducted taking a considerable period of time in the case
of changingawavelengthof thelight source. Thus, thepinholes
having the plurality of sizes are formed, and the pinhole having
the size optimal to the purpose can be thereby easily selected.

20 Moreover, the exposure light source is used in the second
embodiment as the laser beams with which the reticle stage is
illuminated, however, other light sourceandotherillumination
optical system may separately be provided.

(Third Embodiment)

25 FIG. 8 is a view showing an outline of configuration in
the vicinity of the stage of the projection exposure apparatus
in a third embodiment. The same components of the projection

exXposure apparatus in the third embodiment as those in the first



a step for nmeasuring an aberration of said projection optical system by use
of said aberration neasuring nethod clained in claim6. 5 19. A device
manuf acturing method including a step for transferring an i mage of a
predetermned circuit pattern onto a substrate by use of a proj ection
optical system conprises a step for mea<dr i ng an aberration of said
projection 10 optical system by use of said aberration neasuring nethaod
clainmed in claim8. 20. An exposure netRBtFEBRPT isg?‘?'ltg:daéedstlapD?C%F‘beé&r%Bg% ng
a substrate to the light of a 15 predetermined circuit pattern in a way of
proj ecting bheoeiimefit, RAtd efdl 108y Sl th StRet [ ake R¥mdsa1Qf, A dHIra aald on
exposure apparatus clained in claim1l. 21. An exposure nethod for
transferringepetd td vvubstipedrea®loas andge lafusa gateideieratr@edmet eedi.t
pattern by use of a projection optical system conprising: a step for
maki ng |ight beantTherpegess of aerad@ctiibndi bleedeanigpodusdiar gesjieet i on
optical system before transferri] ngRthe circuit pattern onto said substrate;
t

25 a step fBY ESRvELgIthG tFd 1GhtR bemedr v HeRstREngERE &b EATHS Fin Hat
haspassedt h ghsai dpr qQj.ecti on, _opt i,cal system. by . .
useof apl ur aH%tLé ysé?ﬁngngs)séﬁéehr?e trgtcv(\eos%dfir%e%r??%ﬁé]{n Ilgayrl%yfeldas% esn%beopdlf%ern%étae%(%i ng

each of poskhieeRs e tie | LGRL @R 148 JRER! BCeMENexNeqth Aqhettdds of

Decenber 2002 converged by said plurality of lens elenents; a step for

measuri ng theasherimy itbre afaveai bt Gt 1t 01 @ptd £ alhes yatceya oni dhel dxasi BL of
the detected positions of the |light beans; and 5 a step for correcting the
aberration wfildabd mxplactédn optical systemon the basis of the neasured

aberration. 22. An exposure nethod according to claim?2l, wherein the
aberration i s a wAlEfVBhAEraPERrPSt FORtEP ARt ptdj AT BAL I bbY iRl O8ystem
23. An _exposure appar at havi.n roj.ection optical stemfor
transf@rri naagﬁtroggagﬁbg?r%? et}h%t i%r‘Fgeggjrc?fnsémpnca %)%rwr?vfeofl)r/r%latgt]rf%“ r};&]sﬁ(?u%%i d
apparatus c rishLod:.+x 1Relsdbng; ﬁh@ﬂ&.é f Y j Sl
aberration %@sﬁ??ﬁ%%&%ﬁa?ug cF'angrrgl in cllq%iér)rn{ fép%%%%telx%géﬁrégl éj
appar at us ageQrdigng Wetdaidp 23 pbel @ka sakdubnl dhngtieehanigymd trd es:
20 a first holding nenber for holding said aberration nmeasuring opti cal
system andmachecdrah Dobdi ags ierizerr faxre lndl dhegshageatdir i Mheirikte et ingn
said plurality of lens elenents, said convergci ng position detection unit
and said ne@§@ﬁmﬁgjdbvm@ét P8’ comprises a two-dimensional lens array

15 including a plurality of lens elements L’, two-dimensionally
arrayed, for converging the light beams of the spherical waves
generated at the pinholes PH and transmitting the projection
optical system PL, and the converging position detection unit
DET for detecting each of positions where the plurality of lens

20 elements L’ converge the 1light beams. Further, as in the first
embodiment, the wavefront aberration measuring unit implies
a configuration containing the mask formed with the pinhole
PH and the pattern, the two-dimensional lens array L’ and the
converging position detection unit DET.

25 Note that the stage 11 of the reticle R, it is preferable,
as stated in the embodiments discussed above, without being
confined to the pinhole, be provided with any one of the pinhole

the lemon-skin area. More preferably, it is desirable that



25. An exposure apparatus according to claim?24, wherein said first hol ding
renber is a nmask stage for holding said mask, and 49 Repl acenent Sheet
dated 19 Decenber 2002 said second hol ding nenber is a substrate stage for
hol di ng said substrate. 26. An exposure apparatus according to claim 24,
wherein 5 said aberrati on neasuring opti@ﬁl systemis a mask for
measurenment, formed with a pinhole pattern for neasuring the aberration

27. An aberration measuring apparatus ForiafERSth PhSaf* 1Y aBetTat o 268% a

proj ection optical systemfor transferring onto a substrate an i mage of a

pattern forpgrd 00,22 MRk: o EQIPHLS1 89 h A RGN £ AOr i ts O aghabl s prqud ded
on an exposure apparatus including a mask Sstage for holding said nask, said
proj ection @ptl,cak systér saubrad Misddatens) ageef pinholldi sgitedsad the
substrate, wherein said neasuring unit includes: a plurality of

| ensel enent seaswe-idinensponsl bg sekegedd . f dhwon\edegshgaki ghttleamtfigrle
measuring an aberration that has_passed through said prg£ection opti cal

system 20 ?néﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁogpﬁ(ﬂ#dEP@Cﬂ%ﬂPQHﬁtaFgrqﬂ% IAG-8kdR Frea
iti t i ght i | i | |
positi %ZSSFPHS%&tIuQ:eS Q:%aensakggg\r/g{éggﬁh%%a%@rq_r& gorrpaéoj;éé/l oL ,Lf07 el ements

and a evice for neasuring e aberra saldyprOJection

optical system onphie Rasi §eah Eﬁ@né&ég’%igesd}%é 889 eetdeheshedchyY Salthn

conver gi ng position detection unit. . An aberrafion nmeasuring apparatus
accordi ng t oL ®é 3021 irfadddBy toNpOIldiimg tarr BEREIGIEJ OMheBaStiié Mg refitli«al
system 50 Replacenment Sheet dated 19 December 2002 for emitting the |ight
beam f or neasghitnige ehel ailbieraiaidon orotbei twprdjieensonnept ienb asysagmhere
wherein said neasuring unit is detachably held on said substrate stage, and
5 sai d aber FREi BANHEGSIAT TG IGRAEY [EyRF 2 AT B2 YR R It Rt R ahd K - stiHge.
29. An_aberration _neasuri met hod for asuring,an aberration .of .a
pr oj ect% on %%Fi@&@%ﬁﬁﬁmﬁﬂ'rﬁﬁﬁ%ﬁﬁaY%ﬂefﬁ?B otthie IRE1dENt 11ght’ bean
has a deviation from the ideal wavefront, i.e., the wavefront
with no aberration caused inthe projection lens, thisdeviation
appears to be a positional deviation of the converging position
of themeasurement target wavefront fromthe convergingposition

15 of the ideal wavefront on the converging position detection
unit DET. The arithmetic processor PC calculates a wavefront
aberrationoftheprojectionlensPLonthebasisofthepositional
deviationof theconvergingpoint of eachindividual lenselement
L’ of the two-dimensional lens array.

20 Thus, at one point on the image forming surface through
theprojectionlensPL, thepositionaldeviationofeachmeasuring
point of the measurement target wavefront from each converging
point of the ideal wavefront, is measured, thereby making it
possible to obtain the spherical aberration and the astigmatic

25 differenceastheaberrationsoftheprojectionlensPL. Further,
the stage control unit 22 drives the stage 13 so that the unit

UT moves to a plurality of points on the image forming surface

through the projection lens PL. Then, at each of the plurality



10 an exposure apparatus for transferring onto a substrate an i mage of a
pattern formed on a mask, conprising: a step for disposing an aberration
measuring optical system for emtting a |light beam for measuring the
aberration to said projection optical syst.em substantially in the sane 15
position as said nmask is disposed; and astep for attaching, to a substrate
stage for holding said substrate, a neasurin nit including: . a uralijty
of lens elements for converging |ight %ﬁ %% g?%hgégﬂ?ﬁﬁgagﬁgd%gfgg:ﬁgﬂb%hat
has passed through said projection optical 20 system a convergi ng position
det ecti on usift goamtdet et whgheachrad pRsqéi gasmand hautfobé baasmqgonves ged
by said lens elenents; and a neasuring device for neasuring the aberration
of sai d propecticon iopt Leals By sttdrmmomn isheebasikedofhe pe d1i tgiin pbsietiigtsi on
detected by said converging position detection unit. 25 30. An aberration
measuri ng nBfh8aChc BELEHY 1D Rt 2D, the e UEBRPPEsFAGICE srgisFmnt

renovi ng said aberration nmeasurin ptical ., 51 Repl acenent_ Sheet dated 19
Decenber 20650 A S aRvEE St PPORE ebhr AP AIeHe LR F RGP ERE FDEEPATBIE has
been en “eféhteocéﬁlrQFH&%J EEFfdPe“lfPtt'hCealjiélé%trﬁ‘:rﬂo quatﬁé%os’gﬂfm%@@?ﬂ'%
said measuring unit fromsaid substrate stage after neasuring the
aberration pt sptdibell keehtOsbOPLhEAbNSYSEehe Hro POcEXPASLEBs MEL hobh or
transferring onto a substrate an inmage of a predetermined circuit pattern
by use of atpesje ectswint ®ptf chhesystprctdompmesingreddniasst ep for neasuri ng
an aberration of said projection optical system by use of said aberration
measuri ng met hod €P&rmed S e ¥ehr AL @Dsetcriel 2t dRsReO UG- hpEheBCRiained

tt to said substrate. 2. A devi f i.ng method ipcludi
St ap of t PAIGPSr Fing I &5 SUEredt SORTTagE: O 1 COBVEr hY Rt ci 1 Cui

patterfy by E%gg%fct%o‘?{ %gfsi 9N aRLl ¢aly Bé{ékggb 19}%“31%1% Q%n@r%i %If’rlfc.sai q

measuring a erration sald_prOjgctlon. optical systemby use o
aberration fRastenRdcRihed claidred i nadRi @@%h%%féwéd@sﬂﬁfr#amﬁhm

circuit pattern onto said substrate. 33. An aberration neasuring nethod
accordi ng tabelralanizin 8athyralig¢nscenpite Sipag inGbepwican cherbets kY dient s
nmeasured aberration of said projection optical system 34 . A device

manuf act ur i Ageétiiter gt hgi PyoD ectianm a9s PL 52 theladcererssSeeindatad 19
Decenber 2002 fuyrther conprising a step for correcting the aberrati on of

sai d proj eSPRGHEht IR Ly (e AL RLnBali Shof ShRoBYEAEd SHauI4d Z e An
aberr afgd on geﬁﬁ%k?%%ag@aé?é%a %n.”gﬁst%% Qﬂaxﬁé’f%o%gisaéir?g r&c?lrqul_he
ection optlca syste or ransrerring onto a su Str e an mage or a

pattern for ped Q18 JHSkn s BRIPINSE Hoha 8t FBRIUHG 1Y 2 dehaehahl o 5y ovd ded
on an exposure

of being detachably provided on the wafer holder 12 or the stage

13, or assembled to the stage 13, and further a configuration
of provided in the vicinity of the stage 13.

20 The accuracyof measuring the aberrationof theprojection
lens PL can be enhanced by increasing a measuring resolution
of the converging position detection unit DET and a position
control accuracy of the moving unit M or the wafer stage 13.
For instance, if the detecting resolution of the converging

25 position detection unit is on the order of 10 ~ 20m, it may
be sufficient that the wafer stage 13 is controlled at a pitch
of Ilmm in the projection exposure apparatus for an exposure

of a 5mm X 5mm area.



apparatus including a mask stage for hol ding said mask, said projection
optical system and a substrate stage for holding 10 said substrate,
wherein said neasuring unit includes: a plurality
of | ensel enment s, t wo- di nensi onal | y di sposed,. for converging |ight beam for
measuring an aberration that has passed tHr ough said projection opti cal
system 15 a converging position detection unit for detecting each of
positions of the |ight beans converged RSE}P%Cif“ani)lsg?%ﬁ idf‘§/e%flgl %er?fmg?rerﬁgﬂ% s;
and an output unit for outputting a result of the detection by said
convergi ng positi pNrdeksCt igN U1 1P Fe COF M €RET AP 20 uFRC AN fd made
correcting the aberration of said projection optical system .AH A[E Al
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where the mask and the substrate are set stationary, and moving
the substrate stepwise. The exposure apparatus is not limited
to the application for manufacturing the semiconductor and can

15 be applied widely to the use as a liquid crystal exposure
apparatus for exposing, €.g9., angular glass plate to the light
beam of a liquid crystal display device pattern, and the use
as an exposure apparatus for manufacturing a thin-film
magnetic head.

20 As for a magnification of the projection lens as the
measurement target optical system, not only a reduction system
but also an equal-magnification and an enlargement system may
be adopted. Theprojectionlensmayinvolvetheuseofamaterial
such as quartz and fluorite as a glass material that transmits

25 far ultraviolet rays if using the far ultraviolet rays such
as excimer lasers. In the case of using the F; laser and X-rays,
there may be a catadioptric systemor refracting optical system

(a reflecting type of reticle is likewise used).
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"10%/ =/ & (xendt," 10Us,( et Y10% tBe( yayklength of the exposure light
beam is a wavelength (e.g., the i-line, KrF, etc.) that is not
absorbed by oxygen, there may be used chemically clean dry air
10 (which i1s the air from which substances becoming a cause of
hazing of the lens, e.g., ammonium ions, etc floating within
a clean room are removed, or the air of which a humidity is

% or under).

As discussed above, the exposure apparatus and the
15 aberration measuring unit in this embodiment are manufactured
by assembling a variety of subsystems including the
respective elements given in claims of the invention of the
present application so as to keep the predetermined mechanical,
electrical andoptical accuracies. Ensuringtheseaccuracies
20 entails, before and after the assembly, making adjustments for
attaining the optical accuracy with respect to the variety of
optical systems, adjustments for attaining the mechanical
accuracy with respect to the variety of mechanical systems,
and adjustments for attaining the electrical accuracy with
25 respect to the variety of electrical systems. A process of
the assembly into the exposure apparatus from the variety of

subsystems includes mechanical connections between the variety

of subsystems, wire connections of an electric circuit and pipe

Y4
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5 Upon an end of the process of the assembly into the exposure
apparatus from the variety of subsystems, a total adjustment
is executed, thus ensuring the various accuracies as the whole
exposure apparatus. Note that the exposure apparatus, it is
desirable, bemanufacturedin the clean roomwhere a temperature

10 and a degree of cleanness are managed. Further, the
semiconductor device is manufactured by a step of designing
a function and a performance of the device, a step of
manufacturing the reticle based on this design step, a step
of manufacturing the wafer by use of a silicon material, a step

15 of exposing the wafer to the light beam of the reticle pattern
by the exposure apparatus in the embodiments discussed above,

a device assembling step (containing a dicing step, a bonding

step and a package step), and an inspection step.

20 Industrial Applicability
As explained above, according to the invention claimed
inclaiml, there is provided the converging position detection
unit for detecting the positional deviation of each of the
convergingpositionsof apart of the light beams passing through
25 the aperture stopon the predetermined surface, and the aperture
stop is moved within the flux of light. Accordingly, the
aberration of the measurement target optical system can be

measured with a high precision in a small-sized and simple
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RaBYNC According to the invention claimed in claim 2, the
converging lens converges a part of the light beam, and the

5 moving unit moves the converging lens and the aperture stop
as an integral element in such as a direction as to intersect
the optical axis. Hence, the converging lens may be of a small
size and is therefore easy tomanufacture, and the cost thereof
is low. Further, the light beam is always converged by use

10 of the entire surface of the small-sized converging lens, and
a measurement error due to an influence of the aberration of
the converging lens itself can be reduced.

According to the invention claimed in claim 3, the
wavefront aberrationof the lensusedinthe projection exposure

15 apparatus for manufacturing the semiconductor device, etc.,
can be easily measured.

According to the invention claimed in claim 4, it is
possible to precisely quickly measure the aberration by use
of the spherical waves penetrating the pinhole pattern.

20 According to the invention claimed in claim 5, there may
be used the light beam from the illumination optical system
for illuminating the reticle having the predetermined circuit
pattern with the light beam.

According to the invention claimed in claim 6, the

25 aberration of the measurement target optical system can be
measured with a high accuracy in the small-sized and simple
configuration by using neither the interferometer nor the

two-dimensional lens array.
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converging g;éu%%%ent error due to
an influence of the aberration of the converging lens itself
can be reduced.

According to the invention claimed in claim 8, the
wavefront aberration of the projection optical system used in

10 the projection exposure apparatus for manufacturing the
semiconductor device, etc., can be easily measured,

According to the invention claimed in claim 9, the
aberration can be precisely quickly measured by use of the
spherical waves penetrating the pinhole pattern.

15 According to the invention claimed in claim 10, the
aberration of the projection optical system for forming a
predetermined circuit pattern on the substrate can be measured
withahighaccuracyinthe small-sized and simple configuration
by using neither the interferometer nor the two-dimensional

20 lens array.

According to the invention claimed in claim 11, the
aberration of the projection optical system can be precisely
quickly measured by use of a generation member for generating
the light for measuring the aberration.

25 According to the invention claimed in claim 12, the
aberration of the projection optical system can be precisely
quickly measured by use of the spherical waves penetrating the

pinholes.
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5 transmission member.

According to the invention claimed in claim 14, the
wavefront aberration of the projection optical system used in
the projection exposure apparatus for manufacturing the
semiconductor device, etc., can be easily measured.

10 According to the invention claimed in claim 15, the
aberration can be precisely quickly measured by use of the
spherical waves penetrating the pinhole pattern.

According to the invention claimed in claim 16, the
control unit, based on a result of measuring the aberration,

15 adjusts a spacing between lens elements of the projection
optical system, and thus corrects the wavefront aberration of
the projection optical system, whereby image forming
characteristics can be enhanced.

According to the invention claimed in claim 17, the

20 aberration of the projection optical system can be easily
measured simply by installing the wavefront aberration
easuringunit on, e.g., awafer stage of the projection exposure
apparatus. Further, the light source of the exposure apparatus
can be used as it is, and hence the apparatus can be downsized.

25 According to the invention claimed in claim 18, the
aberration of the projection optical system can be measured

withahighaccuracyinthe small-sized and simple configuration

by using neither the interferometer nor the two-dimensional
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According to the invention claimed in claim 19, the

5 wavefront aberration of the projection optical system used in
the projection exposure apparatus for manufacturing the
semiconductor device, etc., can be easily measured. It is
therefore feasible to enhance the image forming performance
and manufacture the device with the high resolution.

10 According to the invention claimed in claim 20, the
aberration of the projection optical system can be precisely
quickly measured by use of the generation member for generating
thelightbeamformeasuringtheaberration, andhencetheexposure
with an enhanced throughput can be executed.

15 According to the invention claimed in claim 21, it is
possible to easily measure the aberration of the projection
optical system and correct the aberration of the projection
optical system on the basis of the measured result, whereby
an exposure method capable of exhibiting a high image forming

20 performance can be provided.

According to the invention claimed in claim 22, it is
possible to easily measure the wavefront aberration of the
projection optical system and correct the wavefront aberration
of the projection optical system on the basis of the measured

25 result, whereby the exposure method capable of exhibiting the
high image forming performance can be provided.

According to the invention claimed in claim 23, the

aberrationmeasuringunit canbe detachablyheld in the exposure
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and 1t is therefore easy to install or replace this aberration
measuring unit when measuring the aberration.

According to the invention claimed in claim 24, the

5 aberration measuring optical system and the measuring unit can
be easily detachably installed in the exposure apparatus.

According to the invention claimed in claim 25, a mask
canbeeasilydetachablyplacedonamaskstage, andthemeasuring
unit can be easily detachably attached to a substrate stage.

10 According to the invention claimed in claim 26, the mask
having the pinhole pattern can be easily detachably provided,
and hence a pinhole having a diameter proper to the aberration
measurement can be easily selected.

According to the invention claimed in claim 27, the

15 aberration of the projection optical system can be easily
measured simply by installing the wavefront aberration
measuring unit on, e.g., the wafer stage of the projection
exposure apparatus. Further, the light source of the exposure
apparatus can be used as it is, and hence the aberration

20 measuring unit can be downsized.

According to the invention claimed in claim 28, the
aberration of the projection optical system can be precisely
quickly measured by use of the light beam from the aberration
measuring optical system provided on the mask stage. Further,

25 the measuring unit can be easily detachably provided on the
substrate stage.

According to the invention claimed in claim 29, the

aberration of the projection optical system can be readily
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[/ 10/
stage of the projection exposure apparatus by use of the light

beam from the aberration measuring optical system. Moreover,
the light source of the exposure apparatus can be used as it
is, and hence the apparatus can be downsized.

According to the invention claimed in claim 30, a weight
of the substrate stage can be reduced by removing the measuring
unit.

According to the invention claimed in claim 31, the
aberration of the projection optical system is measured before
transferring the circuit pattern, and therefore the pattern
can be precisely transferred.

According to the invention claimed in claim 32, the
aberration of the projection optical system is measured before
transferring the circuit pattern, and hence the device can be

manufactured exactly with the high precision.
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"109& ()-, F'$10%&ka()c&verging lens for converging llght beam traveling
through a measurement target optical system on a predetermined

5 surface;

an aperture stop for transmitting a part of the light
beam;

a moving unit for moving said aperture stop within the
flux of light;

10 a converging position detection unit for detecting a
positional deviation of a converging position of a part of the
light Dbeam traveling through said aperture stop on the
predetermined surface; and

an arithmetic processing unit for calculating an

15 aberration of said measurement target optical system on the

basisofanoutputsignal fromsaidconvergingpositiondetection

unit.

2. An aberration measuring apparatus according to claim
20 1, wherein said converging lens converges a part of the light
beam, and
said moving unit moves said converging lens integrally
with said aperture stop in the direction intersecting the
optical axis of the light beam.
25
3. An aberration measuring apparatus for measuring an
aberration of aprojectionoptical system for transferringonto

a substrate, an image of a predetermined circuit pattern formed
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optical system;

5 a plurality of lens elements, two-dimensionally arrayed,
for converging the light beam for measuring the aberrationwhich
has travelled through said projection optical system;

a converging position detection unit for detecting each
of positions of the light beams converged by said plurality

10 of lens elements; and

a measuring device for measuring the aberration of said

projection optical system on the basis of the converged light

position detected by said converging position detection unit.

15 4. An aberration measuring apparatus according to claim
3, wherein said aberration measuring optical system includes:
a mask for measuring the aberration, disposed
substantially in the same position as said mask formed with
the predetermined circuit pattern is disposed and having a

20 pinhole pattern; and
an illumination optical system for illuminating said

mask for measuring the aberration with the light.

5. An aberration measuring apparatus according to claim
25 4, wherein said illumination optical system is an illumination
optical system for illuminating the predetermined circuit

pattern with the light.
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5 a step for making an aperture stop transmit a part of

the light beam;
a moving step for moving said aperture stop within the
flux of light;
a converging position detecting step for detecting a
10 positional deviation of converging position of a part of the
light beam traveling through said aperture stop on the
predeterminedsurfaceby useofaconvergingpositiondetection
unit; and
an arithmetic processing step for calculating an
15 aberration of said measurement target optical system on the
basis of an output signal obtained in said converging position

detecting step.

7. An aberration measuring methed according to claim 6,
20 wherein a part of the light beam is converged in said converging
step, and
said converging lens is moved integrally with said
aperture stop in the direction intersecting the optical axis
of the light beam in said moving step.
25
8. An aberration measuring method for measuring an
aberration of a projection optical system for forming, on a

substrate, an image of a predetermined circuit pattern formed
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aberrationthathaspassedthroughsaidprojectionopticalsystem
by use of a plurality of 1lens elements two-dimensionally
5 arrayed;
a step for detecting eéch.of positions of the light beams
converged by said plurality of lens elements; and
a step for measuring the aberration of said projection
optical system on the basis of the detected light positions.
10
9. An aberration measuring method according to claim 8,
wherein the light beam for measuring the aberration is light
beam from a pinhole pattern on a mask, for measuring the

aberration, disposed substantially in the same position as the

15 said mask is disposed.

10. A projection exposure apparatus comprising:
an illumination optical system for 1illuminating a
predetermined circuit pattern with the light beam;
20 a projection optical system for forming the circuit
pattern illuminated with the light beam on a substrate; and
an aberration measuring apparatus, claimed in claim 1,

for measuring an aberration of said projection optical system.

25 11. A projection exposure apparatus comprising:
an illumination optical system for illuminating a mask
having a predetermined circuit pattern with the light;

a stage for supporting said mask;
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an image of the circuit pattern illuminated with the light;
and
an aberration measuring apparatus, claimed in claim 1,
5 for measuring an aberration of said projection optical system,
wherein said stage or said mask has a generation member

for generating light beam for measuring the aberration of said

projection optical system.

10 12. A projection exposure apparatus according to claim
11, wherein said generation member is a pinhole pattern for
converting the light beam from said illumination optical system

into spherical waves.

15 13. A projection exposure apparatus according to claim
11, wherein said generation member is a transmission member
for transmitting in diffusion the light beam from said

illumination optical system.

20 14. A projection exposure apparatus having a projection
optical system for transferring onto a substrate an image of
a circuit pattern formed on a mask, comprising:
an aberration measuring optical system for emitting a
light beam for measuring the aberration to said projection
25 optical system;
apluralityoflenselements, two-dimensionallydisposed,
for converging the light beam for measuring the aberrationwhich

has travelled through said projection optical system; and
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5 15. A projection exposure apparatus according to claim
14, wherein said aberration measuring optical system includes:
a mask for measuring the aberration, disposed
substantially in the same position as said mask formed with
the predetermined circuit pattern is disposed and having a

10 pinhole pattern; and
an illumination optical system for illuminating said

mask for measuring the aberration with the light.

16. A projection exposure apparatus according to claim

15 14, further comprisingacontrol unit for controlling aposition
of at least one of optical members constituting said projection
optical system on the basis of a detected result given from

said converging position detection unit.

20 17. A projection exposure apparatus according to claim
14, further comprising a substrate stage for holding said
substrate,

wherein at least one of said plurality of lens elements
and said converging position detection unit is detachably

25 provided on said substrate stage.

18. A device manufacturing method including a step for

transferring an image of a predetermined circuit pattern onto
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optical system by use of said aberration measuring method

claimed in claim 6.

19. A device manufacturing method including a step for
transferring an image of a predetermined circuit pattern onto
a substrate by use of a projection optical system, comprises:

a step for measuring an aberration of said projection
optical system by use of said aberration measuring method

claimed in claim 8.

20. An exposure method comprising:

a step for exposing a substrate to the light of a
predeterminedcircuit patterninawayof projectingthecircuit
pattern on said substrate by use of said projection exposure

apparatus claimed in claim 11.

21. An exposure method for transferring onto a substrate
an image of a predetermined circuit pattern by use of a
projection optical system, comprising:

a step for making light beam for measuring an aberration
incident wupon said projection optical system before
transferring the circuit pattern onto said substrate;

a step for converging the light beam for measuring the
aberrationthathaspassedthroughsaidprojectionopticalsystem
by useofapluralityoflenselementstwo-dimensionallyarrayed;

a step for detecting each of positions of the light beams
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light beams; and
5 a step for correcting the aberration of said projection

optical system on the basis of the measured aberration.

22. An exposure method according to claim 21, wherein
the aberration is a wavefront aberration of said projection

10 optical system.

23. An exposure apparatus having a projection optical
system for transferring onto a substrate an image of a pattern
formed on a mask, said apparatus comprising:

15 a holding mechanism for detachably holding said

aberration measuring apparatus claimed in claim 3.

24. An exposure apparatus according to claim 23, wherein
said holding mechanism includes:
20 a first holding member for holding said aberration
measuring optical system; and
a second holding member for holding a measuring unit
having said plurality of lens elements, said converging
position detection unit and said measuring device.
25
25. An exposure apparatus according to claim 24, wherein
said first holding member is a mask stage for holding said

mask, and



10// 10& 109%Z& ()-Y %40%& ()-109%&Z& ()- "10%&Z& () -

9109%Z& ()-1$10%& ()-~*a~dEM?1 10// 10' 109%Z& ()-% "10%&Z& () - &S$

"109@& ()-Y" %40%Z& ()-109%&Z& ()- "109%&Z& ()-~)_ dElVPl 10// 10YA109Z& ()-y2
"109&& ()-010%Z& ()-. MLOYZ&' ()-- "109%&Z& (% F+3%40%Z& ()-$"_"adbC 10//
"110%r&' () - &10%n& ()- 10Z 10Z 1029 ! 109@&q)-7 "109%&Z& () - 610%&Z& () - 2aBbC
10// 1 "10%m& ()- "10%m& ()- 10%r& ()-!R$109& ()- "10%m& ()- " 10%r& ()-2J,
m z[<bC 10//'-10%r& ()-& "10%& () -1ePleRToRMENEFE 19ated 19 December 2002
%4.0%m&’ ()-!s93"10%m& ()-10%r& ()- !'FI Q!!"aBbC 10//810%m& ()-!2

% 0%m& () - 010%%'; J0Y% 0% | + 9%4.0% AR w S g
10/ / 10@&@}()_L!%%&%g4) ]%%%%%() 9%0§§§m ér 1s70% 6k vak e stag& fof

holding said substrate.

26. An exposure apparatus according to claim 24, wherein
5 said aberration measuring optical system is a mask for
measurement, formed with a pinhole pattern for measuring the

aberration.

27. An aberration measuring apparatus for measuring an

10 aberration of a projection optical system for transferringonto
a substrate an image of a pattern formed on a mask, comprising:

a measuring unit detachably provided on an exposure
apparatus including a mask stage for holding said mask, said
projection optical system, and a substrate stage for holding

15 said substrate,

wherein said measuring unit includes:

a plurality of lens elements, two-dimensionally arrayed,
for converging light beam for measuring an aberration that has
passed through said projection optical system;

20 a converging position detection unit for detecting each
of positions of the light beams converged by said plurality
of lens elements; and

a measuring device for measuring the aberration of said
projection optical system on the basis of the light positions

25 detected by said converging position detection unit.

28. An aberration measuring apparatus according to claim

27, further comprising an aberration measuring optical system
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wherein said measuring unit is detachably held on said
substrate stage, and
5 salid aberration measuring optical system is provided on

said mask stage.

29. An aberration measuring method for measuring an

aberration of a projection optical system incorporated into
10 an exposure apparatus for transferring onto a substrate an image
of a pattern formed on a mask, comprising:

a step for disposing an aberration measuring optical
system, for emitting a 1light beam for measuring the aberration
to said projection optical system, substantially in the same

15 position as said mask is disposed; and

a step for attaching, to a substrate stage for holding
said substrate, a measuring unit including: a plurality of
lens elements for converging light beam for measuring an
aberration that has passed through said projection optical

20 system; a converging positiondetectionunit for detecting each
of positions of the light beams converged by said lens elements;
and a measuring device for measuring the aberration of said
projection optical system on the basis of the light positions
detected by said converging position detection unit.

25

30. An aberration measuring method according to claim
29, further comprising:

a step for removing said aberration measuring optical
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a step for removing said measuring unit from said
substrate stage after measuring the aberration of said

projection optical system.

31. An exposure method for transferring onto a substrate
an image of apredeterminedcircuit patternbyuseofaprojection
optical system, comprising:

a step for measuring an aberration of said projection
optical system by use of said aberration measuring method
claimed in claim 29 before transferring the circuit pattern

onto said substrate.

32. A device manufacturing method including a step of
transferring onto a substrate an image of a predetermined
circuit pattern by use of a projection optical system,
comprising:

a step for measuring an aberration of said projection
optical system by use of said aberration measuring method
claimed in claim 29 before transferring the circuit pattern

onto said substrate.
33. An aberration measuring method according to claim
8, further comprising a step for correcting the measured

aberration of said projection optical system.

34. A device manufacturing method according to claim 19,

10Z 10Z 1029
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apparatus including a mask stage for holding said mask, said
projection optical system, and a substrate stage for holding

10 sald substrate,

wherein said measuring unit includes:

apluralityof lenselements, two-dimensionallydisposed,
for converging light beam for measuring an aberration that has
passed through said projection optical system;

15 a converging position detection unit for detecting each
of positions of the light beams converged by said plurality
of lens elements; and

an output unit for outputting a result of the detection
by said converging position detection unit to a correcting

20 mechanism for correcting the aberration of said projection

optical system.



