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Fiéld 5 T nvention relates to an irradiation control nethod and
irradiati mmHNWHWHIMpraratus for a pulsed light source for irradiating a

pul sed ean1o | um nati on subject. Nbre specifically, the present
i nvention rela A to an |rrad|at|o§ éfﬁ hod and irradiation control
|0 apparatus for a pulsed |ight sourc or an exposure apparatus which is

used in photolithography process for fabricating a mcro device, such as a

sem conduct or deV| d [ e pickup
device (CCD or the @%A%ﬂ&% ?ﬁﬁﬁﬁéﬁ-%ﬂ%@g%q%Ngg%%ggRAﬁ@ Bgﬁgground Art
Conventional | y, f @ULisEat LAGHIT SOPRCEEYSERUAN &XPOSUIREC AGPRIRAITUSEVI ces, uses
an exposure apparatus which transfers and exposes the pattern of a reticle
as a mask on a wafer (or a glass plate) on which a photosensitive 20

materi al, such aschnphaloFEGIdt is coated. The recent mniaturization of

[ t tt d d t t h hi
esBluti on A nTOR PESSPOFi CRVRHYLBE KERFFactDySBnbFERREABLRCoRAYEPEngt h

of exposurgethglt ana iﬁ@é@@étﬂ@ntB@nﬂﬂﬁl‘rappéréi@@étﬂbﬁ &NouPsed2bighta
projection optical system IncreaS|n8é§e§ nuneri cal aperture of the
h

proj ect i onSBR¥Feafosyireafhatenerant RegB PR Bf %%éﬁ@lgﬂEFPﬁmer

Therefore, sﬁbﬁééﬁt'CﬂbréobﬂébQﬂlbélIQ,eﬂﬁéoﬂreééﬁte%ﬁﬂ@h@loﬁnrgigtgﬁr | aser
whi ch has a short wavel ength. 30 When an exciner laser is used as_a pul sed

li ght sourE®, 2RhérFAdeaEaPRAICARBEAL BEtRRPo3DA el HE§ALAEYORr 6ANBERLpoi Nt to

102 3 MAXpRAP2taBokhRer ai u@@éb $Dght a56Ar88 foWabRr expbstibe time . of
exchanging a wafer or at the tine o neasurlng alignment of a retlcle
A

waf er or tRABPRFREUSTYR1ERAkPI BSedndneAReEPAL QE?EEY BForager fegans

becomes | ofgpriBatiRl 8 ARELo HAGEEeD EﬁéﬁnéﬁgaCQQ&innﬁ§cB§£tngﬁééh t hat
the state of the gas in the |aser chanmbe for exanple, differs from t hat

at the tinmd &fdph Fégﬁtﬁésé%séﬁ?¥sﬂﬁﬁlﬁ%fo@% {HaIRaPLiCkuR devésal {CCPhe

l'aser beam,pULRHL1YRE) €8y Ihﬁhfﬂefﬂimoﬁa%ﬁétpé|ﬁ@gdbea”1e”‘ttEd fromthe
pul sed |ight source may go 10 significantly above or bel ow the set energy

until the pulsed light source returns to a stable oscillation state since
thesinitiation ghcrgreghanapt the | aser beam

Conventionally, fabrication of devices, such as
semiconductor devices, uses an exposure apparatus which
transfers and exposes the pattern of a reticle as a mask on
a wafer (or a glass plate) on which a photosensitive

20 material, such as a photoresist, is coated. The recent
miniaturization of circuit patterns demands that such an
exposure apparatus have a higher resolution. A high
resolution may be acquired by shortening the wavelength of
exposure light or increasing the numerical aperture (N.A.)

25 of a projection optical system. Increasing the numerical
aperture of the projection optical system however makes the
depth of focus shallower. Therefore, a practical solution
is to employ, for example, an excimer laser which has a
short wavelength.

30 When an excimer laser is used as a pulsed light source,

the integrated amount of exposure may vary from one point to

AT
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Recently, nodified illumnnation for irradiating exposure light from an

illumnation optical systemonto a 15 reticle via an annul ar ap é\ﬁ@(}mé
di dphragmwith a snall aperture has been adopted in order to co?g it'h

requi renent for higher resolution. Wien the normal illumnation is swtched
to the nodified illum nation, however, the intensity of the energy of

exposure | baltnLhatn20.6RACHES Lbgal R 8 wasbal o athanges uloggope with

such a change i n the energy o aser beam convention exposur e
appar at us ezcbgogppgdawivelfieanoexptstihe tome ebnmesburapgbeligpmehichfset s

the aforel ”&EQ@%Qei”&EQVgtSQ %HB”E§k8f POROBYGH @E”tﬁﬂ%aggﬂsééB sure
energy) within apréoper 5 range. po&ure apparg u$ includes™a tull wafer
exposur e appaeaved efidlssamnbrgmexbesamesappagat udn Fhehf al kawef, elasrposur e

apparatus pr nd, exposes a n.of.a reticle on_the shot areas
on § maferﬁﬁﬁgﬁgéamg gFrgﬁaég 8%E§88m%%§h Fﬁgtméb rsgg%SIggeénggSFiﬂP.
When a pul sae [liagetr shamber) s fugedxampéef ubhi faker fewmosthne appahat us
basical ly | o exposure dose_control t hod, pbased.on cytoff control.
Accor di ng ?ggfh¥§ %ﬁ?oﬁgsioa?FSF,eﬁéFFl8P PE§°£§pBBSr a%%' 2x§ Ry 20uU2
| i ght direekedltowahe aasetrebebmavohpatandriesl eElfheocacphgt odetaet or
called an inteqgrator sensor. The in rator sensor.indirectly detects the
anount of B%ngerbegw Fﬁé%ﬁﬁpeE?OWhgg nPESFﬁae lghFu§°8F?FhPéyd89ection
regolt is sigheckedntoydabeksi be bklbs ekeceds anpregeuatiilnedel pueked
(critical lLevel) correspondin o the, s exposure _anmount. When the
|t egr at ed 3ite SORLEEIS SEHE S FOi BaPtRBYE) OSPRELAELER SHALE SAnFFolEhe
| i ght sourg@iitsattiopped. ehhesseansEngnhexpasyiebappar at us scans a reticle
and a 10 wafer with a stegpgnd,scam iésten1or the li ke in synchronismwth
“the projection SECERAL Yoy Mgt igdt fdl BBy RaL4RBNEPEI LY TRAZASAEE the pattern
of the retiegbesoro 1ilhgti Feow gdal130Atinateas eptlibalvwaketemFehtexanpl e,

Ja%anese Unexam_ned Pat ent Puglication No. 8-8160 and its corresponding
U 3 Pat entedCLles Vi g PR, PBRUAREPBEETHTECcARnPnT BRPE2IFe VaiRararBe lini ch

integrateSab&Qta&@r%msOBe@nlaaeFteaamhpb&aérteoe&agéuwapafthadividual shot
areas and controls the anount of exposure based on the integrated val ue.

Speci f i cal FgIuifemeRtedrst BaobsruEereRE2Shr ed"BEReEPEN G ™ e amount of

exposure deheeh@hatyonhe si BWegeEakAr tsenner modndikheiavemagatcenar gy E of one
pul se of a |laser beamis conputed gased on the integrated val.ue. To acquire
the |inear POYEFEIrh&NGednteRsdkyostr ENGoSBELENt PHI SXPREVEFerdgBtehBRy E of

theol aser headhies ateUtlopdofuahwhiiak thangeeher T35cebeexpenusachuUbses of
t he | aser beam becones an integer u5|ng t he follomnn% e%uatlon (1): So = N
x E (1) whé&h@ngs id the seergypit the ERF65uPEaBNd CRNVENERENRdnber

exposure apparatus is equipped with an exposure dose control
capability which sets the aforementioned integrated amount
of exposure (integrated exposure energy) within a proper

25 range.

Exposure apparatus includes a full wafer exposure
apparatus and scanning exposure apparatus. The full wafer
exposure apparatus projects and exposes the pattern of a
reticle on the shot areas on a wafer when a wafer stage on

30 which the wafer is placed is still. When a pulsed light
source is used, the full wafer exposure apparatus basically
employs an exposure dose control method based on cutoff
control.

According to this cutoff control, part of the exposure



of exposure pul ses per point. 30 In the case of a scanni ng exposure
apparatus, the following equation (2) in addition to the equatign éﬁ\ﬁ 2002
shoul d be satisfied. V= W/ N Xf (2) where Vis the scanning sgé‘e n [}P
wafer or a wafer stage, 3 2 3 MF1Y 2002 W is the width (slit wdth) of a
slit-like ex.pas-ure area on the wafer surface in the scanning direction

and f is the.ascillation .frequenc t he pul,.sed |.i ght urce. In the
exposure q‘hc(%lroefCtt%cg tcoé"ﬁ"\clire(ﬁtai )éqr?gerexprosnucrhee% aarb%alr%téﬁeséfc‘?? St , the set
exposur e gprmtdddedtoseaialdrd] tare intespthtogdersour ce e tinteed @stesr beam

havi ng the maxi num oscillati frequency frmax and a predeterm ned

oscillati oﬁ?rb?ﬂrpdn.é)]’ﬁ?e‘?ﬁlx F‘Fgerﬁerﬁtesgﬁeora"éoé}ébront?meig?ﬁ%‘éref H& av&t age ener gy
E of the lwsfyr bearnenichsymiters vdlaanwbheahiy afetldexpostsanpul ses per
poi nt in each shot area on the wafer. Exposure paraneters, ch as the
Drohsm t 1 GRRFRRY £ 9 IGTHe Ty A PCHaRE G AT TR GIR DA YL t e

pul sed | i ghir SOWELE, 1V )OS SRy RpThde Nah ides 08 dhaiion
frequency of the pulsed |ight source, at the tinme of 15 scanni ng exposure

f
are det er MR %e"&t&gﬁ%%d’@&d{%&’iﬁﬂe@é MR 1Ge IRBG hurkhe

osci | I ati o ddemieineyi dieserand Hehe ifrrdeffradeds dddppddit h V. 1n addition
to those exposure paraneters, the scanning speed V is also determ ned based

on the equati onf®)ScCargpinNGIEXRATAIL S RPRIAIEHT | RIS e ptire afitd & us

nMeppures therLNefith of A dPR/Ig Ream W tfehasy tthee MBpidTLHR | dH A8 10
frequency fmax only once before exposing a wafer. The pul sed |ight source

i s desi gnedith s Rroiert sk ordtignle sorfdrey @ dthergby equrTd adebd num

osci | I ati on-J{eatenQYe I dt@rh MNahd hetaxCid |aid Prerd equendadal nside
exposure paraneters differs fromthe maxi num oscillation frequency fmax,

t her ef or e, 2X9RS R Udle etrfieyy- off AthedamRle hetaRanrae HinerpremediRatantat t he
oscillati oy, 1 eauensy Mo didferen f4RMie LNFBpIRAY ad. 41 rsleaie e

maxi mum oscillation 30 frequency frmax. This makes it difficult to carry out
ackurat e expoElr Bbrdsakdss 2 \WRanHnNIAreXROI fReraPREE L WhivBh dths a short

v, L Sedofthe PO L) ot 10 9 S iy o et on
individual shot areas and controls the amount of exposure
based on the integrated value.

Specifically, the integrated value is measured based on

20 the amount of exposure detected by the integrator sensor,
and the average energy E of one pulse of a laser beam is
computed based on the integrated value. To acquire the
linearity of the desired exposure dose control, the average
energy E of the laser beam is adjusted such that the number

25 of exposure pulses of the laser beam becomes an integer
using the following equation (1):

So = N x E (1)
where So is the set amount of exposure and N is the number
of exposure pulses per point.

30 In the case of a scanning exposure apparatus, the
following equation (2) in addition to the equation (1)
should be satisfied.

V = Ws/N x £ (2)

where V is the scanning speed on a wafer or a wafer stage,



change with tine due to noisture present in the~g~posure apparatus, an
organic material such as a silicon-based material, or the like. In this
case, the difference between the actual energy and the energy meadudr HAY 2002
first becomes 5 larger. Accordingly, it is an object of the present
invention to provide an irradiation control nethod and apparatus for a

pul sed |igpt souEge Whheh &N ¢ aftgenp &4 esenee) Drt vegBoblife MEASAT 64
energy of a pul sed bean1ang the actuaf energy. 10 Di scl%gure %f t he

| nvention theavafestsushres Ul the jranrehng|dieectbon andré is pRovi ded an
irradiatio { e irradiating a

pul sed beaﬁ?%gf%%9+?$fﬁ§éé&%€%y2%@?%§§¥b+%g€%igfﬁggh%é?£?%é energy of a

pul sed beam havimgtisd exposue: esequrncosef | thei opnveryienzy exposerefrom

t he. pul sed_] | ur i ngasu i €0Qs¢l | i f uency
of ?he puI%é%gPégﬁg’sgﬁF%E’is cké%ﬁhé*é%é?ﬁgg%%%?%gn%g §%t%g%hgg%u%%%r of
pul ses of phksedl $eghbesoumnte cémitss det basenedesmskealvbng athel maxomghi p 20
bet ween the_neasured e and ede 1 ned i.l]um natj.o Then,
Che. ener oyCor L RAC bR oot ety PG RAT [REe o e IRty PO ERFL @ ol U0,
frequency dutpets fTiemi hehgriodstgratoredsessot | né¢asurés egnengyerdgea second
aspect of the present jnvention, there is 25 provided an drradiation

cont rol apﬁﬁ?ﬁgﬁséf%# %%%t HFFY G%Ppﬁﬁ%eﬁ°TP%ﬁ ssgﬁ?c%uT%?rfgr %iating a
pulsed beasxpasanei pilsesabéonpcith eixt . eddle sipparates oncthdesafieans for
measuring gner of a pul sed beam havi ng a redete{ 1 ned oscil]atjion
frequency BRPPTRESTPERTTRESHU ST | Sht CROUFEEN SOt FACS pRhr &t LI t her

i ncl udes needtscing deief ntié ngs@il sl dh abupput requensypaisédel pgihsed | i ght
source in accordancg wi th the nunper of U|Sﬁs oé t he QUISfP beam whi ch is
det er mi nedSBYEER’ ohPG FEPRF LRI S D HBRRE (NeaBd thegogcillagion
measur ed efeegiendyd prefeties npikskd | 1ighbasoerce; eaer e aixtde n&ANS for

adi sting the energg of the ulggd beam when thg det er mi ned oscéll i on

fr ﬁuency AFPPRIRIF FERPEHES p B LR T e AskP PPAL PONT AT eGUBRR S P15
third aspefitmbért R PheSRALimiw eddd DN at hén ef réquenyy defafnard poiselr e

apparatus for .irradiating,a pulsed beamfrom,a, pul sed |jght source on a
pﬁgtosensiPF?geEEBQ%Pﬁgeg%fﬁp%?%ggQ§T0 t %r%%§l€k85550a£%3f?e?ﬁp%TuYﬁe mask

on the phopagamnetéir¥g BHESECaRIind h€peXPOBULE apPar atvermisbddessdd an
apparatus for controlling the pul sed light source for irradiating the

pul sed beaf8n®dHaFEPAN{Akti on subj ect. The control apparatus includes
neapflfor WE?SUNbﬂQ en@tQﬁh@Lc?n@@hﬁﬁﬂn@ﬁ?@k%@fﬁﬁﬁ éppéﬁﬂ@ﬁ@%ﬂé@@@res |
OSCI ation frequency emtte romthe pul se | t source. e.contro
appar atus tB8ef GREREY Pﬁc?uaééeﬁe%%%mf%kfa%t%?ﬁ1hﬁﬁgmaﬁlﬁg%i??af%ﬁﬁtlon
frfquenc¥ @EeqheF@ygsgsxlbaﬂy %@@éc%ef@rapéﬁgdﬁﬂﬁgdaﬁwaféhelnvn@erhpf

pul ses O t (3 eam I C | eter e ased on a rel at]on I p
bet weon t hBUYEEGUL 4GPEnEPRFCEnHS pReteyRrti hSdenPRER: hAE: BRSEAEFERLe and
means for adpugli Bgal bbetRoergye@fmakempn! 66di beanivhenréfeeneyer m ned

oscillation frequency djffers, fromthe_predeternined oscillation frequency.
| n4a fourtEm3§pecWh8¥ Fh% B?%%LL?t+%9eﬂ£?8H?nFHeFelPstB?09¥H%ﬂu5% exposure

net hod for phieadtakkngi@fedk Sedomeaiiz 2barintihedsEidMuaibhgbie§osfice ON a
phot osensitive substrate via a nmask to thereby eéﬁ%se a pattern of the mask

on the photB8&nsthpielicnBst FageCtnal nenekpystf ethgt hadert ReaBnkhay of a

pul sed beapnBakesd amptedat gtMmnedoosciibaibanctegqunpgyreaittedsf foomt he
| ight source is nmeasured first. 30 Next, the oscillation_ frequency of the

pul sed beaihgt ePR&EIY] Reasrredpbirsl 2hetBRoNaZENUN: PEidlptirhte i s

detgr ni nedrbagadnel) th8xTeagHi sdngRes OVt dReprictine epeegyryfohbe pul sed
beam oscillated fromthe |light source is adjusted when the predeterm ned

osci | | at i oRCEREGGEnEFPasuUrfecn| aevafes-
When an ArF excimer laser which has a short wavelength

is used, particularly, the transmittances of the

illumination optical system and projection optical system



2 3 M~y 2002 neasuring the energy differs fromthe determ ned-oscillation
frequency at the tinme of exposure. In a fifth aspect of the preﬁgﬁt Y 2ul2

i nvention, there is provided a nethod of manufacturing an irradi i%ﬁ
control 5 apparatus for controlling a pulsed light source for irradiating a
pul sed beamon an illum nation subject. This nethod provi des neans for

measur i ng @HSH§¥ fitR Puhsedudessy Rayspdre BE@Q@B%rﬂhnEHeQéﬁkbéékéon

frequency emtfed fromthe pulsed |'ight source. The nethod also provides
means for appdedabudi n@Rgorgabsei naherbsalf peghepsyaopil heopubasdd| i ght

source in ggegrdanceop {fle! fexaunben ehiBubaes, otnkharbier:bepBLvakAN |
det erm ned based oh a rel ationshi p between the' measured energy an

pr edet er mi hbd attual nanévay edrdgiyhe Tarengyhvdasuredefipsbvbdesmasans f or
adjgsting %Q? gper gy of 15 the pul sed beam when the determ ned oscillation
frequency di f&rs from the predeterm ned oscillation frequency. In a sixth
aspect of the pResendingientivbnistaerebijecprofi tbd prasehbtdinfention

manuf act ur i ng_an_exposure_apparatus for irradiating_a,pulsed beamfrom a
pul sed | | ohp BBy ERECRH SRR P LS GPhr bRt b e R o EPRERRERE B e cby
expose a pptised dlghhescas&eownhibk phnt nednset avdisfibsénaeebefheenet hod

provi des ap, apparatus .for controlling,th ul sed Light source for

P Pudt ati aEhErBeRghERY' Bhefel o8 PRuRFHPEaR "San; EBe S%huSE alerey-
apparatus includes neans 25 for neasuring energy of a pul sed beam having a
pr 8eternined oscillation fgegﬁenfﬁ enLtted fromthe pulsed |ight source.
TheYcontrol appariFfugSPhft Rer P RctUYER ABBns for deternining an oscillation
frequency of thegnpal sedsti gbpesbuscethe peesedancavent hohhethepbes sof

pul ses of the pul sed beam 30 which is deterniped hased on.a rel atjonship
Dot ween t hEERELdER o8 chEr By ahtopr GHREEPI MBHERHI BRE nA: PBRSRRet 6hand
means for aedpuski Agrt heraacagyngf at pelpulispdaheam whenilbridet e6ni ned
oscillation ;neguenc¥ diBfers f£0g1the pr edet er m_ned oicillation )
frequency. SUPRECKanuf3ctitPge7hody BNRneN9EEY ALt AoBULBPEHRFB BIVLRE a
scapni ng exppsuaetaenhasisesE0L180vbAgrbguansk andttba phemosrasitive
substrate in Séacgto ismwth each other. E[ief Description of the Draw ngs
h

5 Fig. 1 iBuis nabFcSAPEGRahti PRASYFSHi Ay EBhe sNPBEL uFR®of a scanning
exposure appatalHgsisacerdgiienty bErsheapdisedaobdghabsedupest $5

determined in accordance with the number of pulses of the
pulsed beam which is determined based on a relationship

20 between the measured energy and predetermined illumination
energy. Then, the energy of the pulsed beam is adjusted
when the determined oscillation frequency differs from the
predetermined oscillation frequency.

In a second aspect of the present invention, there is

25 provided an irradiation control apparatus for controlling a
pulsed light source for irradiating a pulsed beam on an
illumination subject. The apparatus includes means for
measuring energy of a pulsed beam having a predetermined
oscillation frequency emitted from the pulsed light source.

30 The apparatus further includes means for determining an
oscillation frequency of the pulsed light source in
accordance with the number of pulses of the pulsed beam

which is determined based on a relationship between the



Fig. 2 is a schematic block diagramof an exciner |aser |ight source for

t he exposure apparatus in Fig. 1; 10 Fig. 3 is a flowhart |IIust2'atmqg K1
exposure dose control algorithmfor a nmain controller according to the
first enmbodinent; Fig. 9 is a flowhart illustrating an exposure dose
control algorithmwhich is the continuation of the one shown 15 in Fig. 3;
Fig. 5is aph,show n orrel i on. betwe the nt of processing by
2n” ntegr ANETECETA Tahal Tt KA TRt S mupeantE D i IR eaf o R,

fl owmchart méémstf@jla@]@m&yn@ o tervérap @D 'eb(@qsxmlsedidseamcmnémothe

al gorithm f a main coniroller accordin e _se ond nbodlnent Fig. 7
is a schen@ {%rTH%ﬁﬂfﬁﬁ?+itéﬁ+%H|f&ﬁ??ﬁpg¥rgﬁfg?5 %nlng exposur e

appar at Us pE£eas ek NEi h@d o & I Ta eidwdf reqtiendp. Fi gs. 8A and 8B are di agrans
exenpl i fying nndels of ,a fine energy adj uster according to the thjrd

enbedi ment; and iy PRIFY 28RRFE REtFRR RFESFRhoWRFEN0h extipfe ¥ a rough

ener gy adjpﬁéeid@@cgﬁdéﬁﬂoé@r@.@p@afa@@élﬁar BesddMglend 04 SaI $d NgedHt the
I nvention 30 (First_ Enbodjnent) A first enbodi nent of the present invention

Wil now bETRBsRrPHEREH +Hohef eQRFER ¢B &i BEOt‘iS?’h%BJg‘ﬁe 45‘“??5”"16 gviap 3
MAY 2002 Iélﬂﬁgka£68tﬁ@ﬁed§h@£aés@ Stpactdre 6f EnsSCRASkNGn ExPosure
apparatus 10 of a ste scan type according to the first enbodi nent.

Thi s scannPh@t@§%%%hFbv%p%%?%EE%tQO uSRe FHRPeRerAedPPakRFUAsiACHIARRd | i ght
Soybce foraﬁxgﬁfalfsté FHE SERPPHIDLRY PORYT Su oA Bl yist 18ohAse afor

illum nation optical stem 12, a reticle s g (rmask stage) RST that noves
ina prede%érﬂﬁhéﬁl%@a rpulse@cheIn GRi pR hblunhpebiort sePietrmskKThR

whi ch i's 'H)Hgkgﬁtﬁﬁp@i‘a{@@ LhEVIEO8HhOBN OPEL £ ahe SYSE EAY 1€ne Ao PrOE €4t i ON
optical system PL 10 projects the pattern of the reticle R on a wafer
W an XY spayeedsbopnchavibnesa opredeee Ironedl oprhhbatipn hf RegRensy pl ane)
while hol dipgrtbg PROAT ¥ amsédnm&heoaéﬁ%éer PRe J&ﬁtf&iusrw@ﬂ@@s
optical system 12 has an excinmer |aser |ight source 16, beam shapi ng
opibcal syfuehhes, inctuden nsaenecfoy defesnéring, an @$91b%@t¥@%s 22, an

L1 umi nat | ?EegﬁéhEg' 6fy§ﬁ§”ﬂ>§P§é&Ui§gﬁ€ Ogoﬁl:élé elg4acéop§§1%épmﬁ e£n6, a
first relay | A, a second relay | ens fixed reticle blind 30A a
movabl e reRtwsberbpf neubees gfn¥h¢opuk$¢@rbﬁéml@b%@hgl$h@eb%¥mh%$dpath and a
condenser b§$§d33n 20 éYQti@Héﬁ‘ BSpé eéﬁ%n@rm&%@fea'@mrgguaﬁg 16 is a
Kr F exci mer [ aser sour ce %050| | at 1 on wavel engt h of ;L ArF

exci mer IaE@ﬁdBtghmlSQGrEleESQEtigﬂl%ﬂeﬁﬁYeléﬁ@tme®mslggrnﬂ§3u 1Rgci mer

1 358" |1 ONtn8OUREeq(08E! Lha! baisuavEesRObRoR! Ao TadilrRilntdie | Tke. 25 The
beam shapi ng Opthg system apes the crosssectional shape of a |aser
beam LB frofrihdatkenntretiaeney| dghfesaufcemithgopredetemsingder beam LB
efflC|entlgsggggéglggef§g% ﬁgylens 22 The beam shapi ng optical system 18
preferably conprises a cy | ens, beam expander 30 (neither shown) or
the like. The réngh &avrgh aéPﬁgtleZDhPsPFGEQBEdlBﬁe@héoﬁptFB@?eph¥h of
the |aser E?@%Bgdb MOQQpBQSrQeﬁ&ﬁQQDEBQ QP}hﬁﬁétﬁ{?tgnﬂ)é@sea—h@e&ﬁg)gh

energy adjuster 20 as arotary plate 39 and lura
fiRbers 36em@W§eNngom a light source on a photosens1t1ve substrate

ND

via a mask to thereby expose a pattern of the mask on the
photosensitive substrate. In the exposure method, the
energy of a pulsed beam having a predetermined oscillation
frequency emitted from the light source is measured first.
30 Next, the oscillation frequency of the pulsed beam at the
time of exposing the photosensitive substrate is determined
based on the measured energy. Then, the energy of the
pulsed beam oscillated from the light source is adjusted

when the predetermined oscillation frequency at the time of



2 3 MAY 2002 filters are shown in Fig. 1) which are arranged~a~ound the
rotary plate 34 and have transmttances (= 1 - |ight reducing ratio)
different fromone another. As the rotary plate 34 is rotated by %3dMA¥emm2
notor 38, the transmttance 5 with respect to the | aser beamLB i s changed
in a geonetrical series in plural steps from2100 to any ~. The drive notor

38 1s CO”%QA%@&@: Er?aet ?%gg@{%f)éig[ﬁ%gyond %&’eﬁr{ &N5s 271181 95at ed

in the optica eam e rough energy ad uster
20 and 10 fmqr@emytatplieue;ebmn@awg/ éxmus@ur ces for illumnating the

reticle Rwith if0 a o] beam em tted
fromthis secon aﬂ% # f¢§ é%éﬁ%% ?ﬁ éé %%%ﬁ %%. rtIligl‘!)p’ulse ??Iu%inating
light IL" pﬂwmadédLanmEMhmmlmﬁﬂmanﬂfagﬁmrﬂngunntlmfaaiaMuQmam@nQﬁOIS is

| ocat ed near t he t errer surface h e len It is

pref er abl 2R%% a‘i‘hsegg%%rﬁf? SELHP A RY %le(% flf%}?%e%gﬁ”f O'Elr sc and have a
plurality Dfracpﬂntirrga §tp.p:lss@drwé’®edoratareqﬂlhﬁl@ithaiﬂilﬁh sédlpest . AtTheast one
of the sha e an si ze, of each uErture stﬁf%dlffers fréggtg of 20 anot her

one. For PLOVTSRIMEIRL T AT BRRFIUTRI sTBHEIR Q ¢4 UPRA%¢ op
for reduci rmaviﬂr@ a:omeé@ér@enﬁmé@roacmmmwl Bfeqperid i ém Bt 0gd f BFor@nnul ar
illum nation, fle aperture stqf hawﬁg? dﬁflurallt of apertures

arr anged eEIE%nE"r‘ IR TRV FT ed THE URFTRET Al SQANRFIBEISS BFRRS ot @F
proyi ded. J@'@eﬁ@ﬂrﬁin@ eaﬁt@:@ci)i_'@é@l&ﬂ fBeq@dé o byt IRe Qph VeediNi 1gHO, such as
a notor, which is, controlled by the main controller 50. The i nd| vi dual

aperture SEHPECEr HN RFREFIRES ‘"Er‘rlanb’e% Rymhek %t?‘(’:]a?e?)a‘?‘f‘u Hie el et se

i 11 um natipgahi @ich Lid dSESHHTREE pabddd dhea Pd1Lf TodhiprsOvésti che R
such as a cyclic pattern or an isolation pattern, so that at |east one of

the shape BPESYTed FReXHE Ind pEedstermined il hmipatien erpd¥ourtR, or
pul se ill ugdpRbd NButt gt provigesheigd. £édh ddH Sseihdin@ndnet épcus

pIane of the fly eye lens 22 on the~light, energing side where e 10 Z 3

M1 zuwe Elé%oﬂ‘élh$‘§/dlli>@'?ff‘ when cehe sfet¢prirer i @5 @tk balgken stFequneae which

has a Fouraﬁfféfﬁnﬁf&ﬁn‘&lﬁ@'ﬁfé@é‘té\hﬂhécﬁ‘eo@@iiﬁé@léﬂrf?é@a&{c& he reticle R
inthe illumnation optical system 12 (this plane wll hereinafter be

cal led a Fourief? 52 t$BAER R FRPFare abRE iRreSRhotyTeRELopugiheRt ahe” of the

i1 lum nati pRoPPabgad MYSAEM b hithSfSPEEH G adh tpoduse! HodLehOne pbrt he
aperture stops provided in the aperture stop plate 24 is | ocated

subst ant i arrpaeha‘fha% ol eedtperm BFOR 7 sgd chight tFRUFFY XYy e? | ens 22

i spgsed as aatéQe@ﬁtwé s@}seefaﬁ@rvﬁwmma%)tm@réwseﬁ@@@lmnt the
secondary ght sources are a surface |light source conprised of nmultiple

optical inBgkternieh Bhe 13Phetl bihe HRNPFYSRBLEETR PPFEE2%DcusTH ane on

the |ight ﬁ@@ﬁeanﬁrévﬂaes D&ﬁ Qgﬁgrwué hﬁoepééﬁeiopﬁ ofnd heupsdge
illumnating 15 light IL t he aperture st(g plate 24 is the beam

splitter 2%19\m:cﬁ°%a§eaf%|hrrw§/t*s%|r ¢ PPETRARLBMRN r&t ati vel y | arge

transm ttapgeumfnsel sy 9@%%&@% SYBhEN: N £ C t3€8s tciudss ne€iry |ens
28A and second relay |ens is located furthher back on the optical path

wi £R 20 t h&oF| seeaswéww RBTFYidOBOA an%e%v%% havirg e PPrefe BoER Y osed
bet ween thgski{sht{&hayréghendfreribrdder 86k 0Kk rehBY¥ed eNSgrBBsource.

The control apparatus further includes means for determining
an oscillation frequency of the pulsed light source in
accordance with the number of pulses of the pulsed beam

30 which is determined based on a relationship between the
measured energy and predetermined illumination energy, and
means for adjusting the energy of the pulsed beam when the
determined oscillation frequency differs from the

predetermined oscillation frequency. The manufacturing



The fixed reticle blind (fixed field stop) 30A is disposed on a plgp Aﬂ@éC@m
is slightly defocused froma 25 conjugate plane with respect to th % ez
surface of the reticle R and has a rectangul ar openi ng whi ch defines an
illumnation area 42R on the reticle R Disposed in the vicinity of the
fixed reticle blind 30Ais the novable reticle blind 30B which has an
openi ng whgs Sigt,l and 30iWedt B kRahRenscanpLag di [Nolc Yy ari abl e.
As the illﬁn?ﬁggionkg?ga gﬁé ﬁs restrigtegngiq ?hegﬁgvggﬁga%efﬁb g¥blind
(vari abl e fiogiigstbpg) m36R whdntheaphiotgsexpotive substgagediends, exposure
of an unne t o] e r Wis prevented. 11 2 3 MAY 2002

Di sposed i%§®%g&§8?%@akgggt a%s ?ﬁgggdlse illumnating |ight IL beyond the
second relay lens 28B is the deflection mrror Mthat reflects the pul se

illumnating |i S [ S nd relay | ens 28B, toward
the 5 reticle qu#ﬁg ggggggggggﬁeﬁg gggiggggggggd in the optical path of
t heSpul se il | unifngt.i Agilsi ghschembéyondibhrammiddostibtIng aper ati on of the
illum natiqnp o%éical zysten112.constructed i.n_the above-deécrib d manner

wi Il now b&FHh"SEuSsed BFPEFIYYI THROPHEE, 2BRARPLESACCLEA PR & pul sed

form from tfHesexandesekandr embghtimeatisge 16 enters the beam shapi ng optica
system'18 whereﬁLts rQss-sec ionﬁL sgige i%.shaged.fThe resultanﬁ | aser
beam LB ef fi ci eitBy ént-&r§ CRESFBUGH Cy diaPa8lePi28D PEEMSLe2584m LB
t hat passegighy Souere @Fort kheNExbokueesappaebtiubeinowgh.energy adjuster 20
enters the fly exe | ens 22. As a resuLﬁ s%condary | i ght sources formnmed of
mult)i pl e opti cal gnageésaﬁefﬂBVﬁﬁaanl RESEEghingn8PgPREOSHES0fOfRe fly eye
|l ens 22. Thengwode allgbudithat ifeg ki ghtinl toakirbledrf newot-dengeeondary | i ght
20 sources passes one ,of the aperture stops on the aperture stop plate 24

| ocated in ﬁ@toﬁngQPmﬁRFﬁ of the illumnation optical system 12, then

reaches the beamigpl i4t tier a2@1owkbaptl selukkuanayi g kkgbkukk tbak passes
the beam splitter 2 pass%s tpe ectangular oBening of the 25 fixed reticle
bl i nd 30A &R RIFIBRENPeMNdLE B RHe368NTLRYAREOP Pt thEl QD€ SRSWASA.
Thameafter it F@gauizse illumnating light IL passes the second relay |ens
28B and is deflected vertically dowward by the mrror M passes_ the

condenser |ens 339-ardifhén rPPONPRRMER It Re CPELLAAGEPEr PSEYPRPUARat i On

area 42R onrnidiatr eifl phr@cBsWihly syuahf ehfegrbdBirnaaegodi shul RHei 8dtput
Meanwhi l e, the pulse illumnating light IL that is reflected by the beam
splitter 20% &0 EOGEIYd™MN 149 i nt egr at or sensor (phot oel ectric converting

device) 46 via &ilZ 6 3s3aMAYoReBAreondenserakenyg 491yAapbatreebgckhi cal ly
converted-signal fromthe integrator sensor 46 is supplied to the main

corft ol | er SFPOPUTS 985k RALFOdi ALGRELENE RTAPDMESRY EPREXOLAELt her shown)
as an out picddzdindy tto @h@ lgeénse kmbodiment ;

Fig. 7 is a schematic diagram illustrating the
structure of a scanning exposure apparatus according to a
third embodiment;
25 Figs. 8A and 8B are diagrams exemplifying models of a
fine enerqgy adjuster according to the third embodiment; and
Fig. 9 is a perspective view showing one example of a

rough energy adjuster according to a modification.

Best Mode for Carrying Out the Invention
30 (First Embodiment)
A first embodiment of the present invention will now be

described with reference to Figs. 1 through 4. Fig. 1



5 Available as the integrator sensor 46 is, for exanple, a PIN type )
phot odi ode which has a sensitivity to the wavel ength range of deeg 3 MAY 20
ul travi ol et rays and a hi gh response frequency suitable for detection of
pul se enission fromthe excinmer |laser |ight source 16. A coefficient which
represents the 10 correlation between the output DS of the integrator

sensor 96 u a a ht,) p
|Ilun1nat|%gg ﬁ?t%% ghgt gﬁgé% ggegggﬁaﬁete %9 : ?énéggq gkggsgﬁge and
stored in appenety5510coﬁnecsedptendheCﬁalhypenacgbrenngotOTheecéetstc|ent

S acaul T ednByadheNEND ERES 19: K00 Ph 808 bYshEe PLAGE  BRuUNLD! SLE AL

i rradiation dose RORAito ?oe? rrc- conver g Ice provided on a Z
tilt stageeﬁetmarthaaeanasraaﬁuhSednlagha $anregpﬁeurexpoearé2vvdescr|bed

| ater) for the @Flse iIIuninatin% Light IL g g?u Lng_the,irradi tlon dose
monpt o and ¢ hetR: SGPAR BRI baRuEr “aRrrEaBlr edl LRa Fhe ChLPREBEELPRY
plurality optpuhSesybtem1matlagrétghle btag@hemaeklstag&)pRameﬂhan the
reticle stage RST is g E 8 X acuum, chuc E ; E ia . The
reticle stR3g8cRst"i & 969 B gr%§ng sFFaﬂP 89s¥é588 wWPPh'At %2 Fpgoﬁt

pl ane (XY peane)eandabk) sSRanhgdhbysail dtinthasédgbydtheeiseaminat48nin the
scanning direction (the r ht and left.direction on the SB et, surface of
Fig. 1 or PHEl?ag|F¥EFFBn; by2aPPPaaEFLPRi RREISET oRESTEMe gcﬁh 168si ti on of
th@oretlclprsgaaesRSHelpaﬂEeeureﬁ bueaﬁeebeénalohaaeWaB@rlwteaﬁeaneter
54R using a anaEIe m rror 52R flxed on.the r i e stage RST, . The_val ue
measured byteHe L4s¥PifRt BPYEF oRBt &r N8ERZPEtE pB PBE (BIERZNERR E¥ntrol | er

50. The pr@ﬂ@ﬁ&boﬂthelﬁ@hd&ﬁgtGHePhaférawﬁoabheaSmd@nt@bﬁﬁ@ﬁllé@ epti cal
system and conprlses a plurality of | 2.~ MAY 2002 el enents having

en
a comon optical ﬁxF%lﬂﬁlpﬁttﬁneOPtlﬁiFaFYHF?@ct?oHaSTﬁ@ BXE}BEE| bASer

magni ficatheghd gbutkbBe PEY] BChEAR eabp@ab §¥€§@31Pbybﬁeﬁel8 farreugaple, to
1/4 or 1/5. VWen the |Ilun1nat|on area 42R on_the reticle R is illum nated

byl8 the pBREEIY| POAPAEEFNGO r.@hflyteyehé?EFo?%r anpattuBinghéOPat t ern

formed on bbe1eetLeyetEhmepetautaestbbUptaaélQm apeBe4rdRspsiteduced, by the
projection magnification a projection op {ical gstentPL The reduced

pattern i nhg&StsTBLayeders BgAthé §FFPn§h£ﬁe6Ye}$B§u?§ ar 8af#39fon the

resist 10 sdefiace pnihBe3vafen MbvabBeeexpesule BILeAd43WE| SaampEebecki on
area where the reduced |na e of a part of the pattern formed on_the reticle

R is fornmedOorTAELPRE4REI bReopPLeSRIshatBNAPE RaSORIBPFEEI AR1Fi 8Fd of view

(chocul ar i mgeabhghdbieThe thbuskbahbeniace? 42Bn@ndotireeexposyra gbrarea
42W ar e el ongat ed rectan%ular areas whi ch have optical _axes near the center

Wi thin t heekFémgrofagpawldphtngoprepedPrhloptietl waystergbh 8hd2&Rtend in

a non- scanﬁmmg dirFeekicRerX18sE8CHHGAL B@ﬁ@@@dK6§E§&lbﬁlbhew56éméh§ﬁh
direction (Y direction) of the reticle R and wafer 20, The XY stage 14 is

driven twoodi A€dsnBAal Fy $¥CHMRF Lafsectidht SRPEHR w%qtlécﬁ‘?’d?t‘ (the

direction pawveeediyenl 8x 187t Af)suif ape dfikkhe sheet in Fig. 1)
perpendi cular to the Y direction b{ a waf er-stage drive section 56. The Z

ti PO stage 58 | $hRoREPBISHAPLAE KPtiradesystemndByghapedy ERenEFASES on t he

Z tilt stageck§opaef @habky ofyavasdum pBHRKLYI &ramvaher ekelifler §agkrshown).
The Z tilt sta%e 58 adjusts the position of the wafer Win the Z direction

(f ocus posittigh )Séﬁﬁcédﬂ@sﬁ§ thatt the AAge& BEarhEBwaEELCHERILE PREBESt to

the XY plapge Fh§ RS 0ipB 9D, th@héYbebﬁgehéﬁlhg B%?iéé@ds§9tgﬁ ap external
| aser interferoneter 54VVu5|ng a novable mrror fixed on the Z tilt

stage 58. Prefezibdymeaswrdgebyat c¥liader ﬂﬁﬂérférbﬁéﬁeﬁxﬁévﬂﬁ§ supplied to
thgoMin (neither shown) or the like.

The rough energy adjuster 20 is located in the optical
path of the laser beam LB beyond the beam shaping optical
system 18. The rough energy adjuster 20 has a rotary plate
34 and a plurality of (e.g., 6) ND filters 36 (two ND



controller 50. The main controller 50 includes a mcroconputer (or a 14 2
3 ~1AY 2002 nini conputer) which has a CPU (Central Processira$-Uni )3 Maeve002
(Read Only Menory), RAM (Random Access Menory) and so forth. The main
controller 50 perforns general control of the synchronous scanning of, for
exanmple, the reticle Rand the 5 wafer W the stepping of the wafer Wand

Lhe exposuge: ¢4 g d NS 5 O BFCALRL PhYCIPXERUIL S, £ 418 8 DOSYGG 0piRg At on.

Specifically, at the time of scanning exposure, for exanple, the nain
control | errdrepmiate Iheapddiavernsramenbpeancesf (The Tetighle stage RST

and the XY, s4a9e,d4 i : I - st i ect 4 he
waf er - st ag'%é%rl ve&s%éé%lf%%%é@%fs%gﬁ %P?ﬁe&gn%aﬁéeggeéhl u%%n??%m t aeh( aser
i nterferonelate JUR ancoGaed Thata idriwhenotdre 3%t ithe Rrasssiapmrece at a

spegd Vi g e 23 AU 6L 100 (Plse ELROLA 0N Mnddie [eticle stage RST,

t he waf er i's scanned T rection (or +Yy dirtection) with
respect togedmeexposlreernien UP\Whiral speeps affonf at0p% of@canpnt. The

magni ficatjon to the er Wiromithe,retigcle R..in sync nismwth the
Coamni ng AETvE e 19 s Rebd B0 60 RS g NSy EROTIL SR L0 T
nmoved i n synchrDime sfiwi éye thensr@Enentlofdatde &0 tled iepteidul Abatiheofi me of
st eppi ng, t.he in contr r 50 controls the position, of. the, XY stage 14
oo P hotch i [ S i Herand o A e R Y AT T A S T0 ot o

| as@r i ntefdatonmikrtibldVsdeandafyolidght heodided Brboili M@eina t g 25hemai n
controller_ 50 he laser interfero ers, 54R and. 54W. the reticl e-stage
drive sectTON 28 d"1H2 Defet i gkl P Ra R (T R SR R 1 t tteS t he st age
control sybiser Héwm nenittemt £.0bh eth &) sendndd sy thisgietr sshese tigi ng and

em ssion power, of _the excjner,|laser ]jght, source 16 by 30, supplying control
i nf or mat i oA SRR EHE Cé?ﬂ‘?:%r Pt ’fjflaﬂ?l%%tifrrb% ]:thﬂhe/r nai I?\Ioc)c/)nt ?ol | er

50, the exci nerTh@sel 1 phd t Sowr &t dda Bnsly § them sdpget @oat $10bp SyBdeen 24
CPES T ough- BReTg5 GH UEFRF OHF arEh I S TPt e 1LY £12000
plate 24 respec2vel yrvig pheferisle Ithan deid eapdhttierdindtod Qo Baek f24 t her
controls the eni ng/ ¢l osi ng, operation of the novable reticle blind 30B in
synchr oni sh? mfgm?%e{b]b%r%tq?ﬁl‘glarﬁfr&ﬁ%t? d?r":hb‘?a]tlﬁéy QhFPeyLiEssStoprs
Accor di ng &Br&ndéd Sa€nd@El aeqiil apsdiesaicded abovisadheomai g cgid rol | er 50
shape and size of each aperture stop differs from that of
20 another one. For example, a normal circular aperture stop,
a small aperture stop for reducing the coherence factor o,
an annular aperture stop for annular illumination, a
modified aperture stop having a plurality of apertures
arranged eccentrically for modified illumination, and so
25 forth are provided. The aperture stop plate 24 is rotated
by a drive unit 40, such as a motor, which is controlled by
the main controller 50. The individual aperture stops are
selectively arranged in the optical path of the pulse
illuminating light IL in accordance with the pattern of the
30 reticle R, such as a cyclic pattern or an isolation pattern,
so that at least one of the shape and size of the intensity
distribution of the light sources, or pulse illuminating
light IL, is altered. In this embodiment, the focus plane
of the fly eye lens 22 on the-light emerging side where the

10



al so serves as an exposure controller and a stage controller. A description
wi Il now be given of the excinmer laser Iight source 16 of the scaqpsnﬁﬁY 2002
exposure apparatus 10 10 according to the first enbodinent. As shown

Fig. 2, the excinmer laser light source 16 ' has a | aser resonator 16a a
bean1sp|itter 16b, an energy nonitor 16¢c, an energy controller 16d and a

hi gh-vol ta S e apLSpLit ter g rel ly 15

hi gh trans%gtggﬁggyag %gﬁﬁczg ch?gn@eh gf%%??ﬁ e gE 2 gEZLaY't%he | aser
pul sed beawhenhthed ﬁanutherlasenSfesmnaeéatlea wmthrghehpabéamnsplltter
16b and th [ a B Rags o] ] eam I|tt
emtted. TRE ?gger egh%re%g edﬁbgﬁt%gébgggFépﬁ ?%8? Esﬁenyggg ™ he
ener gy nonﬂﬂoﬂtmﬁs pIheephmﬁmeherELnaﬁtby beneeiled aigoaklémon1the ener gy

noni.t or u d via eak hold circ own), e energy

con roIIer 8BS§SB§nP SPSuﬁnasE The uAPEYEr © ?hepé ﬁg?EEBﬁtr8? &gﬁntlty

correspondumgummnaheonubputcEs EysﬁemhenenhigyspennEQCatQOnXS i a
"rnd/ pul se"

1 h% ﬁ onhrol 16d rforns g ntrol on the

i Gh Vol ¢ aGE L CERaSREy REvNEaBBEFIEE SEBBPyDIBYIatan tnEReaPOERE S Fs of
normal eni ssbpnplhbe Qalﬂe mbchbedounbstaﬁslai1pheneﬂﬁagyFaumuber 16¢
corresponds to the target value of the energ e The t et val ue
o 30 Tho ERENGEOTE PlanGdedPERathe EORtFoF FHPOLRRE 83 +5 SaBAI Aeaah om
theonai n ceptfiehllein®@grikerenaogygennteel | en &ﬁdsfumbbaﬁm@ﬁﬂtrehé the

energy, supplied to the |aser resonator 16a, via_the hl%h vol t age power
suppl y 16eSFS°PH@F¥b91SPFe?OPH€GBSEF?IétFBﬁfPFﬁq&éﬁE§ HéFel§°mPHéS?§ 2

3 ~i AY 2002 ﬂGQtﬂﬁl%OBb&beQr1&§§e§e%ﬁl&heaQéCEbEﬁEHOByfEhEQT&9 ag¥ of the
exci mer Iaser %ht source 16_to the frequeng¥ specified by the main
n

control | er Sﬁslﬁ actsr dSFEE RieRSt AR EBRt 1P F@?Hﬁ%PSnSTQefron1the mai n

controller 50. Eﬁ@p@@éﬁgin5tﬁ@nbﬁﬁhb§l éﬁdhab50tﬁ@rﬁen§§ fieedhaakteagt rol
on_t he supRIy vol t age of vol t age power su 16e such that the
r

enérgy per 1pgh&eItn HQHQXEFEEPP?5§EFGIFBHP 866F8e9161ﬁst§8b§?éﬁtlalIy t he

sane as tthqaetﬁx spewhficadnhy theMBtﬂvéQPtéﬁbhﬁrré@leé@ah@éabﬁd out si de
the beamsplitter 16b_in the exciner |aser ht source 16 is a shutter 16f

whi ch bl ockSlekéVEa¥er apgsntrAnsMibEaBFBanch RF@ﬁYtﬁ@téSﬁ%réwsFﬁFornat|on

TS from t hgnehncepptigklsetnalsiFhe bash¢ €X¥R9SUBR dAgeseeBhHOkeggguUeNce of
the 15 scanni ng_exposure apparatus 10 according to this enbodi ment wll now

be expl ai né8n#i £HErefisr dRceted tHELheswbASKt SN KPR gRtigaanBakht Hathshow

th@ocontrokhalqq&bahgbeﬁcuaebQEHdlBoAhsnaamavgeméreékgﬁléoblIhe gggntities
used hereunder are defined as follows. 20 0; exposure anount or dose

(set exposGﬁ§P8§§Q)bﬁﬁW@ﬁnl§h§e?15§taﬁeéﬁ¥réﬁﬁﬁ £8p ?HQ bhet §26srdt on the
wafer W (kkibly q@gan@@er of pul ses (exposure pulse nunber) of the pul se
illum nating |I& I L irradiated Eer poi nt on the_ 25 wafe c) H average
pul se energy den&ft fiEeg) CEECHEI é}?doﬁféﬁeﬁnﬁéélgu?FSEé BRAf &B) which is

i ndirectlydippsdeadoby at peanBt @HLah0LsS8N$ht 46 defocused from a

25 conjugate plane with respect to the pattern surface of the
reticle R and has a rectangular opening which defines an
illumination area 42R on the reticle R. Disposed in the
vicinity of the fixed reticle blind 30A is the movable
reticle blind 30B which has an opening whose position and

30 width in the scanning direction are variable. As the
illumination area 42R is restricted via the movable reticle
blind (variable field stop) 30B when scanning exposure
starts and ends, exposure of an unnecessary portion on the

wafer W is prevented.

11



(d) Vmax: maxi num scanning speed (mi1s) of the XY 30 stage 14. (e) Nmn:

m ni mum nunber of exposure pul ses irradi ated per point on the mafga; $A 2002
W effective slit width (mm of the exposure area 42W associ at ed

scanning direction on the wafer. 17 2 ~ MAY 2002 (g) frmax: actual maxi num
oscillation frequency (Hz) of the exciner laser |ight source 16. The normal
exposure dose cg eqgue i uf ¢ & I step
100 in Fig. 3, géeﬁg%:aﬁn?ﬁg%gp%éﬁfgégpgg?gt%g ?%é\?\glll?é\é l—?lgﬂﬁiﬁ)%)%%% or to
enter the téghEXpbsbenoadnuhe Second ewlavplensuZ bt isnthecdefseet oy, 1)

such as 2 REPRgkCy Therselrpaposucs. PRHOL S0y shenbelipy el gagplyybe set in

accor danc e sensrtivi errs oreSi st coated
on the sur#htehohashpasaédrtheé Nhe@ndheekey bﬁ@@s&&é,ahouardSbhes |nput,

the_fl ow pro ot next .step. 1 e, he | nat
sys?en112 EE ? t% thgﬁ n???%?ng atgéL %?Eﬁ f?%%L%ﬁL @nggg 8%# %%e pul se
i1lum nati pgthi ghtthé. pibaté i$1umhmatnm@tBbght3nLobei5ndhEhisughreoergy

adj ust er Zﬁ is driven such that the ND filter 36 having the maxi mum
transmttance is positioned in the optical path of the |laser beam LB. Then,

the oscillationTheegpepayioh bﬂetﬁacinbﬁmiﬂsetohigbtlsQMrsysﬁémi$2set to
the rated maxi pum oscillatjon frequenc and 20 the.oscil]ation output
is set to FHBSEEPEBeaaFHeth? n2PRA¥ET g??ggfgﬁ 1B§nn?ﬁewé£%lﬂﬁv Sser |ight
s?mocF 36 a@&&aéssdpbksef@?1ﬁ5T§@ g&séhebaamgnunemsatéhainoahbnequ@ncy ;nax
plural tines (e,_qg., several hundred tinges), i ntegratipng the output o

t he integngB& ggﬁ@thQGeéﬁéﬁ?Hl 3595 fgg%ﬁa?gbﬁ?ge n?gggﬁﬁ tPﬁebg@%rage
pul se energnaﬁeﬁglbyttbémﬂépgﬁzﬁU1se&he@é ibe vabes- y%calaﬁa$usndpe is
indirectly. This neasureneniéls C rledPout with,__for ex the o enlng

of the fix&haPefrcl &NB| FRAUSBANE ohRPRT 9a@|5§eaf5§0%ﬁatﬁﬁ SBEET? kb

blind 30B geugh bﬁek@?lhuﬁubﬁérpﬂbse Théunhgézlngaﬁothghhtlpaés@§1éﬁychlng
the reticle R Instead of closin enin

0 nmeans of .t he noyabl e
retPcl e bl PRE QéBthFhQDX?léFﬁﬁé gﬁ ﬂﬁy ﬁ% H?Sggne?ﬁrﬁﬁv% ﬂHEtﬁéféS W out of

the irradi ahkepsatga EQ?pe§ér@eaéeaz42V%so£ Bsupt| ssetbhugrpaliget ! i ght
IL. 18 2 3 ri A~ 2002 In the subsequent ;step, 103, the exp osuregﬁu | se

nunber N i §OHERBSt éarmﬁenptfh@uisi%w ?@téaaét iBAIES) arR LOEMAE( 2B/ He(3)
where the fiygeti eferglifl” eh8PHESERESE ByValdelasgupped PiedSptoyadi ng of f the

fraction Oﬂlﬁﬂﬁngii% d?CIgH| Elace. )
g light IL emitted from the secondary light
20 sources passes one of the aperture stops on the aperture
stop plate 24 located in the optical path of the
illumination optical system 12, then reaches the beam
splitter 26. The pulse illuminating light IL that passes
the beam splitter 26 passes the rectangular opening of the
25 fixed reticle blind 30A and the movable reticle blind 30B
via the first relay lens 28A. Thereafter, the pulse
illuminating light IL passes the second relay lens 28B and
is deflected vertically downward by the mirror M, passes the
condenser lens 32, and then illuminates the rectangular
30 illumination area 42R on the reticle R with a uniform
illuminance distribution.
Meanwhile, the pulse illuminating light IL that is
reflected by the beam splitter 26 is received by an

integrator sensor (photoelectric converting device) 46 via a

12



In the next step 104, it is determned if the exposure pul se nunber Nis
equal to or greater than the m ni nrum exposure pul se nunmber Nm n. T@% MAY 2002
m ni mum exposure pul se nunber Nmin is the m ni mum nunber of pul ses '
necessary to 10 inpl enment exposure dose control and is acquired based on,
for, exanple, the ratio bH H of a variance of the pul se energy (the val ue of

3S) bH as @ordéydorslandrepsur ed Kt G Sanst @t ] § Ocdivfe AV ¢ il se energy
density H _That is, the m ni mum exposure pul se nunber Nmin is the nunber of

15 pul ses Hedtidd e ol teagsafior Saniqati%n § vunRl ied iR dthel ®3ddbsur e anount
Wi thin a pigdeterrdnesh aldpuallea ¥ anaes AL Al Nehd %ad mgso CIERAFH SR

therefore, the pulse illumnating light IL is irradiated, N pul ses e;ich, on

i ndi vi dual (TRl HIeT | $hawe stmarmdl RPeYoRR elurbiige 4t /Rilss) 20 on the
wafer W 14y N Zod¥g nd r\:ﬁé"i%m&e@er}]é&e 4 tfgf?f@ld &g%&aﬁe@fﬂt S

wi thin the scanning exposure range for the Indivi du poi n arly
equal to orPerrhdterdicirl wHehiilgs i Eansitofvitie totdy atastelengtth anount s

within th i ; Yol j i en in
t he non- s%ﬁﬁggﬁﬁé}fﬂy‘%ﬁ@%&%ﬁng . |d2n5aot e‘#ﬁ\)/\%oér%és&yae \L/!{a%él(gﬁno in
t he i nt egranidthbighfommeirect o qfpreslsial anitddiom Praudtter mxnsidneat | owabl e

range. W j i I t he 1 ntegrat | i,9h i, t.he

non- scann%é%frg%ﬁ%né)(ﬂ#e%&nlo ) b%codﬁ%%%neﬁ%ord#%QW%dp% sée}‘se of

i 11@um nat icwrtelgitidn hetivdersdthesfoutput NI rofarthe rirackqatatb wrsdrisor

i ndi vi dual ; pojnts_,in i scanni _ng,.expaosure .ra o LI, is preferable to

det er m ne 1%&% nt]’hrﬁm% fe@lﬁrcljlsnu‘-"rnecepuﬁtgpee[)ri-"u%nr90“1(-5’1"1: l@%ﬁ“i%%)on%#)c}g}eatﬁ f the
nunber of pllwesnateiaded ightralde drhehdi stun fiade af afhd heaflr W 2is- d&lt, ~Y 2402
i nt egr at edil |§%; acrmuntcg itn teh irhon-sc(_:‘argjni ng..d. i ~cti % ch!ef rmas well as
the nunber P piA%Es HILREPTT it FEUX AT SIBIETHET 1 e diHebd 1 ght
anmount w tdwmt o hrexdei®r mTed ald fifiiatilentr dngeacduilifed hey ekpiositege thd se

n er Nig,snaller an t-he mni mnum.expqsure pulse nunber NMin in this
o T0n, TheTHdE, 1 ORL et 4 QARG L SR (o) 36
whose tranmsomitencephostad lesestid acddo/gning Xd¥)iexd, satowifdeas dh z MTin is
sel ect ed. Tk@t S tth ND filter 36 104'6].? ts.el ect ed SP that the

transmitt arce” becites® Sl T ERT Ak FRGR A9 A% s AT FXRAP U3 kSR

repeat ed. A¥Rendddrer teed siarer)n Kireph)4Hulsey ad Iamwheti ndel idgad Silomndh st ep

104 has been_affirmative at. the beginning .(when N z Nmn the flow goes to
step 106. THEIRP Yo, 1 WAH TH f‘}qqlle 0%6"%‘1‘1;’?{@%&&;@%‘“%&'5 ner | aser
| izt soursenddr i46 pes ddttert agal niiterpafieran gl s g lantslsiton ot gudlesgraxi num

oscillatio requency f | ural times (e. g., several hundred tines) as
O GEH, TRh &,

done in st® [ge pul se energy density Hl on the wafer W
i s nmeasured 20 Bigairetildien,R tgleadddwmpridceacst itcl sstepsgel R8Tand H d o
conput e the reneasured average pul se ener density Hl and cqnpute an
exposur e p%?ée‘{%%?%%‘?gl@' baas‘gad:‘@ﬂ" t"ﬁ%‘c e&é’d:e SBIHVE'@ 'eneﬁbGy rc?eqtﬁsq S HL as
done in stepsgd BSAENk MvaNexthy id d1sigiet editeactte fwitteirexposure pul se

n er N1.is equal 1o 25 or eat er than, t.he m ni num exposure pul se nunber
N e SFEAaL Bt o RATS) REY SIS ARAET HOh A o G
exposur e psttsge ndrbes NGHiom 48 e M ddehriilmyy quineeesidtsn t@hd aighdd to
select the N(E) ilter, 36 that has a snaller transmtiance. The processes in

steps 106 ¥ 1R BALFRCHR & (e SPFRGS N Z Wi b i S8 SFi ed.
Wien the détiécOion) 5y ep giidraaimfedfftirdmi veridirauigh g takave £
processi ng_.or when ]t_he decision jn step 108 has been affirmative at the

begi nni ng (AheFe N A astAge el i 9% Rt & PPOFHGRWN 43795 9. 4. In

st®p 110, En€drferometer 54R using a movable mirror 52R fixed on the

reticle stage RST. The value measured by the laser
interferometer 54R is supplied to the main controller 50.
The projection optical system PL is a double-side

telecentric optical system and comprises a plurality of lens

13



2 3 M~~Y 2002 | aser oscillation frequency f under the scan.speed V =

maxi mum scanni ng speed (Vmax) is conputed fromthe follow ng equafiloMAY Hmﬂ
f =int(Vmax x NW) (4) 5 where the function "int(a)" represents a nmaxi num
i nteger which does not exceed a real nunber a. In the next step 111, it is
determned if the laser oscillation frequency f conputed fromthe equatlon

(4) is equgheh@n®b Hé@ﬁﬁ&r t RafmbheopRXEAUNMLQSST Akat hopnkreguansy 10 fmax
of the laser. Wen this deC|S|on is affirmative, the flow goes to step 112.

In step 11dirpetieni npBhsiBrejeetier MAgnifiertbeni M afi bhef PEguieREOR
comput ed fegg&&ﬁ& ﬁgH@EhoﬁL(4§ s&p, t hat éhsmb@éerteS@vhla&I@ s5fregyency f

is deternmined as thé maxi mum oscil[ation frequency fmax i e energy 15
control | er thedidhumihehioheareawlpRoeretibet sesiepe1R3isoiduminatedahyspeed

V bgsed on,{he ;9&&0 Pgmfﬂgﬁihgp}égﬁt Yiz yﬁe%e%ﬁ?%deﬁlﬁgaknoft § 114,

expOsure is pe or me of “shot ar eas areas) on the
waf er W bypehé&esnefoamdd26nsthe sgtiehei B witbidakhbe willhmihatien area

condi tions f.max t [C - r e ed. Wen
t he deC|S|o%¥|ﬁssfSéuf%§ b ﬁ@éaﬁf%ﬂgc EEB ﬁo&ﬁggggggéogté E?&Eﬁ%o set the
| aser OSC|bkaqunlbnequmcylfsystemePnaIu@heondeeddfpenteha émagei ba (4).

Then, the exci.ner 25 t rge ergLtt tg._p o] se
em ssi on aPrPH§CS§§ PPa?ﬁSn #?gquen &4 ei?ﬁ?ﬁ Brs ggé ?gW é?,gé%véggﬁgk
hundr ed ti sesfacéhen, tha wafeag¥. puThe eapogyrdeasbay4ﬂw @sUA(cnRpul se)) on

(he et ot WeEaeLPYLCSLLY JRERM Floo98oB LALSA! B OGL0E Bt phf of 1e
step 116, patexpastivempdl sa phebeetNelbaBedsofiorhedr enfasupedjavetiage pul se
grﬁ{?éofa?%pFéfaélsysgalCPLahgdzfBOQ}EGEafO%hgf%ngfegggal n1§6hlar -

image field). The illumination area 42R and the exposure

15 area 42W are elongated rectangular areas which have optical
axes near the center within the field of view of the
projection optical system PL and extend in a non-scanning
direction (X direction) perpendicular to the scanning
direction (Y direction) of the reticle R and wafer W.

20 The XY stage 14 is driven two-dimensionally in the Y
direction and the X direction (the direction perpendicular
to the surface of the sheet in Fig. 1) perpendicular to the
Y direction by a wafer-stage drive section 56. The Z tilt
stage 58 is mounted on the XY stage 14. The wafer W is held

25 on the Z tilt stage 58 preferably by vacuum chuck via a
wafer holder (not shown). The Z tilt stage 58 adjusts the
position of the wafer W in the Z direction (focus position)
and adjusts the tilt angle of the wafer W with respect to
the XY plane. The position of the XY stage 14 is measured

30 by an external laser interferometer 54W using a movable
mirror 52W fixed on the Z tilt stage 58. The value measured
by the laser interferometer 54W is supplied to the main
controller 50.

The main controller 50 includes a microcomputer (or a

14



In the subsequent step 117, a |aser osci~la-Lion frequency f1 based on tha6
exposure pul se nunber Nf is calculated fromthe followi ng equatiorf § TAY 12002
= int(Vmax X Nf/Ws) (7) 5 In the next step 118, it is determned if the
absol ute value of the difference between the | aser oscillation frequency f
used in reneasuring the energy density Hf and the |aser oscillation

requency iin FOTRMIEC: f LM QA4S OF 6P 1Ceftia] PPofls Myt NAMRd

pr edet er m ne ey. 10 That 1s, it I1s determ ned et her or not t
conput ed | éBead Rely | Menary f + RpMNNnCRamdon | Recos s iemear ypr card e39ni froth ange,

f -y s fl f_+.Y, i | ' f Y, din
remeasurerr%fr%] %%hnt%éel%rr%ye%%%né g%%%ﬁéé é@ﬁ%&% %ﬁﬂy%g%i%fl ot%]ﬁ(?n step 118
i s negat i veyntheondwsy SGanuios tef st £pr 19vanpleet thderé¢abele Rcand athen
freguency f the u {hat | was, usj uag.l ) s fl ow
t he% proc e"é%%égf o‘h]’stééfg)Ié l%ééé%lﬁr] rr%asurgeo‘g%fléeﬁg? ﬁ@gﬁ?ﬁ%ﬁ%{, %b‘@'ﬁ%

| aser osciihatrder ftecadegpyately Téreequioe eshesexpostepsofddfatioonl9 are

repeated until fhe absolute value of 20 the difference between | aser
bsei 11 ati on 11 etREey P hEy P ‘Fadesll 1 95 S5 EHED cBEhRED 16 and the
| aser osci ékampba, ftlesueaiyy dontireblgut 8t ¢owtrebhsathenpdsl)t heronesd equal

to or less than th redet er m ned_val ._Wen t deci si in, st 118
becones af ?P?ﬁ‘&?i?/g,ﬁmer%%l q%v?b%%esu}?%&(s?récb %%ks?% 2k9% ﬁ@l I‘éjs%r&?e

ostol l ati ?ﬂefiewe@cagé dﬂi\tél&sel@iil@nl;]mmém tiss dg@ﬁ@re@m}w mlriv;]@m t he
equation (7). . In t next ,step 121, the scan eed_V is set.to the maxi num
scanni ng sf)é‘éal an??%‘?dv@f? cH'E HESR$ 4% r%%i@%’% From B9e 1438 %s exposure
i s perforneftypgderonéeetHusiBeind054wndi Thansig Vmakenfthe BétclaMmrchst he
entire sequence i.s term nated. The first_enpodi npent hav

in he ,
S bove: dosePrBBEeS: 2Het LTRSFRSVT hh { 6T ot naL SEyanPa ey 13)dHEechion)

scanni ng e¥pasthe pétibee Vef £ge WMSThetR@ wafeB W tsYs2@Redvat agee put se
ener gy densi,t*g| H. of thed_PuI e i~ |~ipatj nt(F'; Ii%gt | L is neasured ]E% t he

i ntegr at or I3 EREBION6 (Ahd ¥ L BREFHPRL i BhER r EGHERACY O ofNE H¥ROMHer | aser
li ght sourgeedb4pmn gdetgrspocd hased(@n phelecenesgymaenstiyationhen the 5
oscillation frequency f is less than the maxi rum oscil]|ation frequenc
fmax, the WRERAgE PEPBeLRATEY: Tbhskt ylﬁsﬁ?c}ﬂﬁ%nbffps‘élél‘l‘iﬁﬁ n%‘f%?f’@“?%lght

|1, on theowatre Wétsclenrasisechdagedsoagshes detergi weteoseiisdation
frequency f. Therefore, the averg}ge ul se energ%%dens%%é/ Hf ﬁf the 10 pul se
i |1 uni nati RBEFEEAES I ROBRAt e RSHT TS ar hhl stheBaredent ehetRRcill ation
freguency tewhitd RS set at the tinme of scanning exposure. Based on the
measuring result, the oscillation frequen angd scan speed set and the

, c
energy per pul sBtoENEnEiBS cPhefteRRERT iblﬁg BALR cECR BT %lq_ﬁa%(ﬁj usted so as

not to exceedtkBesSEhe EYPOSLIEn aPUhe AN StagdUTESviheriil fhefencecbgs ween
t he conput ed,ener t he exposure ]l:—ﬁilgght and the a tua% enej%r}g%/ Ther ef or e,
nat

y, of :
t he act ual déﬁ@?g?‘gﬁtb?’ntﬁ@ BRFER PPI 2Rgredghelre FEORUHE RS Iy the
same as theneBerg¥ohbaér COLNESPROESrd Ong heo SEhe ERPOSHI EMEHI Af@NIN) 0

Aegerdingly. it cont POTTER! S0l Oce ¥ s BESHEEL SnSEBRS VE £ Ond "Rl o7 W
the reticle-stage drive section 48 and the wafer-stage drive
section 56 constitute the stage control system.

The main controller 50 controls the emission timing and
emission power of the excimer laser light source 16 by
30 supplying control information TS to the excimer laser light
source 16. The main controller 50, the excimer laser light
source 16 and the stage control system constitute the
scanning exposure mechanism. The main controller 50

controls the rough energy adjuster 20 and the aperture stop

15



(2) When the oscillation frequency f is within a predeterm ned range,
scanni ng exposure on the wafer Wis carried out w thout reneasuringggrﬁ%Y 2002

aveérage pul se energy 25 density H of the pulse illumnating light I'L. This
makes it possible to quickly execute scanni ng exposure on the wafer Wwhil e
securing the necessary energy of the pulse illumnating light IL for this

SCANNi g eXPOSLI S ILodSctIGER) oF £a PORST b0t O3RN A il bl 60 LiLOUGHPL!

whil e 30 ensuring accurate scanhni nhg exposure on r w e nunber
of pul ses adhdekposhere omseohsinbee )openbngacbadspey ppémtioneathtdot area

on ne valgty M1 et eLIL et hAsSG Ol LG SELLEXBRSYL g AgRYT S9 and the

result of neasur € average pulse energy density 3 2 3i~1~Y
2002 the popseatidnml nmmforgmatigtn ¢f. tiBasetage $hssemsecaxhbosoradipal se

nunper N, e oscillation frequency.f of _fhe excimer |aser i source 16
' Ret er mi hoGe “SBhes fely, ST ek b b PRe b data RSt Pt T B L
correspondabgot sebvébheasemsi éxposyrehavactrelisti andfatdeagdot oresi st is set
properly and pre ise and reliable scanni ng exposure on the wafer Wis
acconpl i shEd" fﬂ§ ®eneasuring the energy density and re-determning the
oscillation freguessyripeioepedl ednowtbe gheewseil tiadi exncifef regsency f

used in the, actual ul se_enissjon is substantially the sa t he

osci |1 ati ohiPhBoEenESe f RS Wi LRS HSCaPRERS caIRAPUTEABRREL B [ he

meagur emengcebrébheg ener gye densst yemdbeiménte, the optinmal oscillation
frequency at the tine of scapning exposure, on tfe maffr Wis 15 deigrnined.
That is, the en®fg§no¥RtHR Bl¥sei | Fofi FRETRGE I 13RET | L1 HEBRAFSE $€anni ng
exposure Onathg Yaéef YéapRaeXLNBEL| YaChbati SeBittéh 1618, agh Ushe EHET Y.
This nakes it possible to execute nore gccuri e scanni ng exposure on the
waf er W 2@0(15?039%%%%h@no%e?rg&t?%t%? Y&en édfalaﬁl FrRigRcYPeta9ser 1ight

source 16 pswEetsegpdy 16e0r tRSShéAmNsphet faxXi e RSS| 4l Al oPivapguency
f max, scanntng exposure is carried out at the_maxi mum scanni ng speed Vmax.
Thit8 per i Pé9hakravgmhhtaBcCexpddur eSbhIbher @8 &F PSR i mproves 25 the

throughput. (6)rdherpseyl tatkog. f2earracyatedf phge@Xsbam! ehdseéd! £ 86h
source 16 is determ ned based on the set exposure anpunt So_and the result

of measuri hBet h@sateFagenphPsel 6aneREsrdchlet DeamosPt het el L0 2pdnthati ng

light IL. 38séktBebRILEBNEhSE pE¥HOSUERraii§HNthE eines sl Ofceperdbtishi s
systemto easily cope wth photoresists haV|n8 different sepsitivi é?
characteri 8MiEESd¢ 7)The {pgen heaferphicetederyytienkesy sPLtERE % se

i | bgmi nati gatkkghtnélehérgpamshetobei oee STRANDRGL EXDOSLT Ec2Ply

converted signal from the energy monitor 1l6c is supplied via
a peak hold circuit (not shown) to the energy controller 1léd
as an output ES. The unit of the energy control quantity
corresponding to the output ES from the energy monitor 1lé6c

25 is "mJ/pulse". The energy controller 16d performs feedback
control on the high voltage of the high-voltage power supply
16e such that at the time of normal emission, the wvalue of
the output ES of the energy monitor 1l6c corresponds to the
target value of the energy per pulse. The target value of

30 the energy is included in the control information TS
supplied from the main controller 50. The energy controller
16d further controls the energy, supplied to the laser
resonator 16a, via the high-voltage power supply l6e to

thereby alter the oscillation frequency. That is, the

16



2 3 M~Y' 2002 on the wafer W this enbodi nent is advant ageous- - because,

for exanple, when an ArF exciner laser |ight source is used, evend8 e 2002
optiical characteristics of the excinmer laser |ight source 16 or the optical
systemthat constitutes the 5 illum nation optical system 12 vary (e.g., a
change in transmttance with tine), the energy is not affected by that
change. Even in the cas i i

i |1 uminati®nTH wat c’h ?ﬁleg\g?jééead aénejij“lénh%%e o%] Jf);eg%\iéer?nhfh e%‘%qﬁ% 4 eghe
|IIunlnat|exexm&rchéseyslfghtumnmmm@ bﬁopolﬂh@Iﬁrequhewespkmaiﬁﬁhlbw

accordance_ wth fhe t pat terns h as t Y, clic pattern or
i sol ated p%lf? eIP%lrbfc? Jef?%l ‘Igé Rmt%%c ?%?/e |‘§l€%t ]?f so° rg it ed by that
change Evﬁmf@tm$ti@msescﬁﬁmgeshémmhnntémntmm&ggrn@@dedmﬁ@remapggure on the

W I d E d enbod f
ReS pr oserEon MBS ot 0| 1L Fov B HLe T BE S CRrt R F it rdt i 0° R

differs fresltagefof sthenpdghreslitady pekerrsmgply Fogssuch aﬂdaﬁ tWecordi ng
to the second enbodineni, when the 20, oscillatio frequenc% fg at the
time of meEREFINPETRPEHE? gh" i Ehhi Pret™ehatP3hk bheht | SevLre fteat®ncy f

t hat has b%sﬂﬁﬁiﬂln?dtlb@SQ&h@naé hené eéxhléi:%@fsﬁ;éﬁlﬂl@cﬂ Qyy NERS Uhegnt
(when the oscillation irequency f is |ower than the maxi mumoscillation
frequency FAR%¥OLi®E 8Qposure amount 25 is controlled by finely adjusting

thegoscillation,ouhped ShtsiGe excd NBEahassIiti@ht1sOUIcELHE. edBEMSEANNI NY
exposure apparatus 10 of the second enbodi ment uses, a control table for

fine adjustaBR¥ bighheseQEre| beibh %u%%%?t%¥ 1ok extehehleekertheght source
16. 30 The1 598t BéahalBeihSaESPAiREe ik £Re SEGMESD EXPOSHAELION tHe
wafer W As shown in Fig. 2, part of the |aser beamemtted fromthe |aser
resonat or isameRbersainecenkrelledbn?or 16c via the beamsplitter 16b. The
out put ES of thenhengsgycmeRbsenrd 6o 68n€RE1 €5HQRESCE 0ot NEn&nCi dent 25

2 3 f 1 ~1Y Zooz laser beamis supplied to the main controller-58-.=via the
endbgy conBEBNNERY 18UPOTHEE n@PPAEBHES ol P eRCCOTdERGI Fosthhe eBPe@imentn

bet ween thg; eyt puf; Ee eﬁpiafn@@%thPQEéeéheé é@dtﬁéldfw@cw}.pgtlps of the
i nt egrat or sensor 46. the time of scanni ng exposure t he main

controIIerFSQSseﬁdénﬂhé Ebﬂtr%hovn¥@¢nﬁ??%ﬁoﬁsﬁl@°¥heh@n%fg?h%d%?vo+mer 16d

and the exghBeRakASebntighiesosce 16 perfornms pul se emi ssion. In
accordance wth this pulse em ssion, the main controller 50 integrates the

output DS of thEhengegphibiesousedsheravnder anehdptinedias ukPhbeYhg | ght

I Loyho acquire thgyi n.t;egre&egsewoe%ﬂé@nen@ynaésen]gg@e ERPb YL HEalopO| Nt on
the wafer Win order. The main controller 50 perforns adjustnment of the

transm tt anBéchnisheetobyhaeneprgyabef uPErthe Ahgteresishecndrlt ieher of
the energyyper pulse in the 15 exciner |aser |ight source 16, prior to
exposure on the wafer W such that the integrated exposure anount
substantial |y céPhci Bestiet Aurhersef BRHBSEr SERDENTS BULAC JRYBPEHL i 8R wil |

now be gi veﬂe%u@geez’@mﬁnghhaelie_me 2fl] y§£g§ﬂ£t@a bBe BHEREYoREERPUI SE
in the excinmer laser 20 It ght sdource 16. To begin generation of the control

t aBPe wi | | wB&edli.scussed. To generate the control table based on the output

DS of the int egrewﬂse%ei»aég phlséseﬁél?z?'ggéeﬁgﬁﬁyt RETYRER? cﬁultézefa )OLHrput

ES of the energy nonitor 16c”(unhit of ener control uantlt%%
"m)/ pul se" anTh@agai su@fapﬁe(uafem wisigh Melnmég@aitwmeeﬁ§e¢d4ley( et of

the energy;GeaLtakoguanhby) ks "digit/pul se”

(d) Vmax: maximum scanning speed (mm/s) of the XY

30 stage 14.
(e) Nmin: minimum number of exposure pulses irradiated
per point on the wafer.
(f) Ws: effective slit width (mm) of the exposure area

42W associated with the scanning direction on the wafer.

17



It is assumed that the output DS of the integrator sensor 46 has been
calibrated with respect to the output of 30 a reference illum nance agiéy 2002

(not shown). The reference illum nance neter is placed at the same hei ght
as an image on the Z tilt stage 58 in Fig. 1 (i.e., the surface of the
wafer). As the output unit of the reference illum nance neter is

"mJ/ (cmepul se) " it h p (i fh ! S8)1 Of 2 t18 2reqidard-B [z 2002
i nt egrator sens(ogp 4?%&'02%?%%1'[ gﬁdag%/n{l%gl ng la ca~.lver§%)enqcoig%$i gfze)nt or
conver si ontHeirestdiore f drasonverghthgsaurecoutput DS of the integrator sensor

46 1o the exposyre AUt LIMLGIPRISL) doiLdNe ddRESU ] aCe: g Use of

this 5 conversi‘on co Icie conver si on Tunc exposure
anount on déute asrefiyel sawdace to be indirectly neasured fromthe output DS of
the_integrator sensor 46. In t fol l.ow ng, description, therefor t he
exposur e armuntﬁcﬁstihelr? iy s:[}fqé& E\?ﬁfﬁ'c%’l gtsrllen FFELTR? act u?sr%rgé 10 from
t he out putafmdtudel 0 nieiratfor sensape i os tefartred the aset hexpowourd  of
processing, P (ml/(cn2pul sg%}_} done by the, i grator_senspor 46., The
.control ta‘JHP%uéts #e‘b’a&feﬂ’ Bl Lﬁlffi%%t t‘f{éltcgé(fe{sﬁ? dit Pet e The rdcess
amount P (cd{sT@pul Be) )sef hfpddierd nimgirat Bo sshwold 4firefelrdlbiey dd put ES
(ml/ pul se) of the ener noni tqr 16¢c. This is. rergsed on Ihtgjeene g%/hE per
pul se of tHRLIHRAC DG P tHE S Tt Y HSerC M HE bSOl e 19 o Fig. 1

beimg stabphozetesisa bLEed s tied entfte SErhe btafddt WS allsen agseimed
that the transmttance 20 in the rough ener adjuster 20 | s set to 1000
(open) . Th%e‘én%%‘?/s‘g%farﬁq’ié“t?a%‘érl%eﬁm{% ¢ sl AhREPTTEHRI R TR center

energy Eo h@x@CsOEEanCE whd e titee f0l 1@ g Bsnadp ot B)s yhiese Tlaia
represents the nunber, of pieces of data used jn COF%U'[I ng correlation data.

25 E = Eo{3et (}9 Nehe )" 1} 2B Ihdrer BT ing e RGNl &S on range

and Er/Eo b§14¢pPi LBhhinde Dy tDi ghO31L Further ,is) "thé tirntdisoersnhese val ue
varies within a range of 0 to Ndata._Pul se em ssion of the excinmer |aser

i 4Bt sourBRe 1609h JNHEFY REEE VT 140 okt R HRPR R igrahetRauNR of i. For

each pul sefj £O&F €3 @1 HhHP1HGt End Rhax Hhum bt yvean ¢henval 18 Fbs Dfidded piwcess
anount P of the int egrator sensor 46 and the value Ei of the output ES of

the ener gyth®nPPbicabcraeh retorirdla#%h. PR s tTherortR ation data (Pi,

Ei). In FigscPl12tion 2fBeduendy 2002 hdCefOimaONtpde 5CR ght e @sentse t he
value Pi .af”t.-he. proceSs anmountf P of the integrator sensor 46 and the

vertical sé8lectehP ekott 5P BRAFHWH™ EPSoF L 1e! Fhek BRAMRRGY oMb ANF o
i np@rpol at enthgs P11 8L Poh OHLERR 19 $bE. £, tie CRINEH S¥&Tue.

In the next step 102, the excimer laser light source 16
performs pulse emission at the maximum oscillation frequency
fmax plural times (e.g., several hundred times). By
integrating the output of the integrator sensor 46 according

25 to that pulse emission, the average pulse energy density H
(mJ/ (cm?-pulse)) on the wafer W is measured indirectly. This
measurement is carried out with, for example, the opening of
the fixed reticle blind 30A completely closed by the movable
reticle blind 30B so as to inhibit the pulse illuminating

30 light IL from reaching the reticle R. Instead of closing
the opening by means of the movable reticle blind 30B, the
XY stage 14 may be driven to move the wafer W out of the
irradiation area (exposure area 42W) of the pulse

illuminating light IL.
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5 function f(P) or a conversion coefficient for calculating the output ES
(mJ/ pul se) of the energy nonitor 16¢c fromthe process anount P 23 MAY 2002
(mJ/ (cn2pul se)) of the integrator sensor 96 is acquired. The conversion
function f(P) or a conversion coefficient is stored in the nenory 51 as the
control table 10 shown in Fig. 1. Using the table and the process anount P
of the integratep $aBSQLLEEqubler 8tapeaoshe cial BxpBalial LalseOntiBer N
accurately cal culate the correspondi ng output ES of the energy nonitor 16c.
It is assuisdcpapbhedhiromhéheofrdlaviog Bavaséant H8)15 integrator sensor
46 and the energy=ngqhgqg0}§z IS approxinatel¥35inear, its offset is 0 and
the slope of the line is a conversion coefficient (i. That is, it is
assuned t hahetrhetber fohation datiat{'PrepEepensserpredsedabygua riednbar
fungtion as_i.ndicat b h Ld |ine.i Is 5 eref.ore, the output
ES nﬂ/pulEgyggkﬁghgqgnépéy%ﬁégkkgp f?ctbg 56%55t38%$P§21?§8%F6||omﬁng
equation (9) usiingtheenpxtcesspaidddnt i (s HdeteRmihsd) J fofthehexposegeat or
sensor 46 and_the conversi.on _coefficient Vii S.F P (9). The main
controllergggsgcaﬁpggg héscgﬁgggskénggogf ?EfgnFﬁﬁg 9? &6%l§§§nple, | east
squar e appeapobsateopulsiengumberciimiel. at The cdhamum Bkgosbreapdlstores the
conversion_co ffi@ient.%3 hn the.nennréggl. T%is ﬁongletes t he preparation
of the confPBPSCabla” 36 FRE @%Bégﬂpen &cOnt PBr-5§ qﬂgﬁgésgfytﬁg second
emhodi nent iwpllemeat keepdescei Hede Asnthownand EisgacGuiwkenbhiseddeni, si on in
step 111 i% ne ati%i, thﬁ follomﬁgg Bragesses wi_ ||l be_carried.out in the
second enbS@FnERETPIRe FPSWIALSCRHL M 8TsPeF2T36PEE Bér PidSExci mer

| aser |ighen22gy 2tBef value 23€035308HCcaslé paepeblhislp puebsared ssvoreat the
maxi num osci | | ti%n frgguen%y f max ggural times %e..%., sev bal hundr ed
times). ThERMSERECoELpETCoPVEREIPNPEFSt 6PeLENsGFNF ¥oﬁres§ Abi A§7t o t hat
pul se em s%henmisimline@kpoedreopalkkahuinbe ranaiage spuheenanpegy odensity H
(nﬂ/(cnﬂpulsg)) on tgF waf er W at .t he naanun1osciIIBtion fregueacy fmax is
i ndi>r ect | y PPERESs BFEGSD FO KESSEBLBgGeNETdAEFCR3EN SAE POISITEREAGY Pt

(m/ (cn2pulex@blutict BmchRtowipuinot phedeteegiakdr a3eBwabl46 rddgeaken as a
reference is calculated fromthe follow n %g%ation &10% gased on the

r emeasur ed AEFEFRFEIp Ps hdse PR OdeMENty LheBELOr8y/ ENRt PRIFE) (10) In the
nﬁxt step 13?um@ha?ﬁ©ﬁgii@©t wahde_E&réF&éPehsngﬁﬁleéﬁtbscF?sap beam LB in
t he exciner, | gser. | ight source is calgulate romthe foll owing equation
(17) st ng WHEVEGHpd: Bodm teodfs B REAI 1E0oPEROHEnEaRBRON BT SEESS i x
Pt 20 11 ) ba the Rferstep II3N themeénergy thek eabvdilknits itheut 20 to the
energy controller 16d. Then, the engrgé,gﬁn pgbse of the laser beamLB is
set to thel@fEOFRTES SFROSELE AFGFPESHYRGE L85t REABBL X FFEQFE  &mount  So.
Next, the &b@ge5E®QeQ$ﬁ ﬁ?ﬂi&&ﬂﬁé@4pbﬁnietbbh@m&c?ggsmgeégUaﬂotbh©n6&XiWum
scanni ng spee max. e flow then mpves to ste to execut e exposure
under the 8CtE&Hdi @PGh<IhevRdstr %}OEtPfaFgérg%ﬁﬁaﬁaFﬁé éﬁﬁSFe sequence

i's term nat@dunthke vietdmnd tdebedampihghakbdguirke rabhgeepdesteisbed structure
has the foll owi ng advantages. (1) The energy per pul se of the | aser beam LB

i s 230 finePPPAGFITREE LYad®d IoR™ R¥CBet NetpGs BPB ~SAEHRE NS0 ARG EHE™Y dul t  of

neasuring idieetaicrge PuinsteRer gbrdensit yadiakibhe ipukse iihitegraakidng
l'ight IL. Accordingly, the energy of the pulse illumnating light |L which
cor r esponds 198t REMs S FUPPreissedeWetirdti @ RrefReepRdNE e dildevablset 29

range. When the distribution of the integrated light
amounts in the non-scanning direction does not become

30 uniform, even if N pulses of illuminating light IL which
satisfy N > Nmin are irradiated on the individual points in
the scanning exposure range, it is preferable to determine
the minimum exposure pulse number Nmin in consideration of

the number of pulses needed to make the distribution of the
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2 3 r~a~~ 2002 properly and accurate and reliabl e scanni ng exposur fg\bp%mm
wafer Wis acconplished. (2) At the tinme of nmeasuring the average gu %
energy density H of the pulse illumnating light IL, the excinmer 5 |aser
light source 16 enits light at the rated maxi nrum oscillation frequency
fmax. This stabilizes the state of the excinmer |aser |light source 16 at the

tinme of ne j e a e; ENeKL8YndeDS| L IhigE iment) 10 A
third enbogﬁﬁ%%?gg%at%ggﬁﬁegﬁﬂgH#%véﬁt?%% aﬁﬁléﬁégpbéadgégﬁgggge centering
mai nly on whéfdihfaseveds asohieheunbestofinpuisesndeeddddiaeauppregs a

referring ' 7:an s 0. Hg. S k Ng_exposure
appar at us %8rg%gg?giﬁg gggth@é?ﬁ?ggggngégbﬁeﬁ%oﬂgg gﬁggkﬁeﬁuation nmeans 15
or a fine pnedgyeanjinstical Rdwhbtat eadnga.the optical path of the | aser beam

LB pehind the roug ner Lu 20, in n adj ust 21
perfornms fine ag?ug?§e§§g§?8g%egég%geggﬁéggy& es?g%gggngbéé ghfuster 21
pr ef er abl yminthutdesxpo20rdopbl se gnambayg Kype innthadj aséprl1046y tkanpl e as

shown in, Eiqg. 8A _The fine_gner adj uster 21 S fixed ting.plate 72
and a nnvagigwgPﬁ?Fﬁﬁgﬁlh?esgippgéééd gﬁes%$%r1$§é g?ﬁeﬁsiﬁgéﬁsrog§ical
pat h of thehbasetrbramitBandbeisi xbdsgstttogSp)aimin2xhAy andnsm tting
portions and_Light 25 shjeldin ortiong fo at predeterm ned pLtches.
The movabi BoGiSeRRs B 5t URsh 78 BELARFES: n FREE oft chERPr UB: FORESF oo

grabi ng. The selsctedt sel tRat50héi vehysadf ushset beconasssinbl agee for the

| aser beam_ LB by shifti the re ive Ljtions of the . two gratin | at es
S ond v rher Ak fEPrat FORI eepholf R Enanola. 450 EePetted: oy have Cum

ogtical f;ater thheshQSdéPgﬁmohriEigtggBlogpggigégabkyghéhetﬁéne ener?y
aqj uster I ncl, udes two at es I Sposed on the optica
path of t hBSFASEPRpeAntERPt §0BhesnEer | Bhf f J™ e YEaa5t LhoyAPPABILRT

inclinationwhegl 8 8. NAiRP, tRe3flowAYod80Loretépcioen praveseépngoepating is
applied on b e transm ttances of

2Rkl ed_on DEL: 31 5 9L Loag! aRe BLal b, L0200, 1. The  [angn t ances
the | aser BeamckBleUskngethistehangsinrt6tperréhr pulBénemostiohl gt 50
controls tgﬁeiagkkagki8gc?ggggi§nt%requency fmax plural times (e.qg.,
several hundred times) as done in step 102. Then, an
average pulse energy density Hl on the wafer W is measured
20 again. Then, the flow proceeds to steps 107 and 108 to
compute the remeasured average pulse energy density H1l and
compute an exposure pulse number N1 based on the average
pulse energy density H1l as done in steps 103 and 104. Next,
it is determined if the exposure pulse number N1 is equal to
25 or greater than the minimum exposure pulse number Nmin.
When the exposure pulse number N1 is smaller than the
minimum exposure pulse number Nmin in step 108, the flow
proceeds to step 109 to select the ND filter 36 that has a
smaller transmittance. The processes in steps 106 to 109
30 are thereafter repeated until N 2> Nmin is satisfied.
When the decision in step 108 becomes affirmative
through the above processing or when the decision in step
108 has been affirmative at the beginning (when N 2 Nmin),

the flow goes to step 110 shown in Fig. 4. 1In step 110, a
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finely adjust the overall transmttance for the | aser beamLB. In the

scanni ng exposure apparatus 70 of the third enbodinent, with the |ager Ml;‘l](‘?amﬂz
LB reduced only by the rough 10 energy adjuster 20 first, the average pul se
energy density H at the maxi mum oscillation frequency fnmax i s neasured.

When the oscillation frequency f which is determ ned based on the neasuring

result is | A ; efgc@q $Cidr Rl s er%et&mxzthe fine
ener gy adj ulgﬂtsse%rIt ;b%rkﬁl}:lt%trel%tnre uc L{S@fll@%})t heLH ase%r%é;as%%ﬁb. measuring the
energy i s mepdated sgerrd rghapgady (irexdndintcasfputiare fagjmidthee rfio lmving he
energy E Ofec}\ﬁeti% I S@c}ij lum nating light IL which nearly corresponds to the

set exposure anoun i's obtained. This structure has nearly the sane
advant ages as t He =220 rsedmeak entdo@isient . ( Modi f@4dati ons) The i ndi vi dual

enbadi mrents .ma i fi.ed as,.follqws. ln each enbodiment, .the exciner
Thodh 17 ohtHERE dhd Firldeion i (00 ik SARE CH R BT,
anot her 25 vhipth efogiiImad didqgdd soueed, randper a.harnoni ¢ generator, such as
a netal vapor |aser or a YAG |aser. In each enbodinment,, tk%efe posure

t

controller and Sthdd'&difX¥toltEP ey rbé Hrisyidfde i n&Shata %he main

control |l er fbiBGdibreaciefidied Feriompguted Heel alhorfatiifh ouf)puts of the
i ntegrator sensor 46 may be carried out by retracti nlg@':h,e waf er W by

driving t hePeisittyerA5aater theno s Mm% @35 ot e thir@®eGhds 30A

and i30B i s fnld W oRNEdaddY cagihetMiodisRidoi ASrs eV Al A1, i rough
31 2 3 MAY 2002 energy adjuster 20 may have a plurality of,
rotar - ~r - pl ks WP dch HH®A g% pller ARy 192 /NB Y i1 dMPsB Hic Fhaat

different tyNIAddAMRsi11dtildH SreRpRndNE td dd &1 WH dffRGGn L 0
the |l aser beam LB is changed in plural steps 5 from 100%to any % by novi ng
the indivi dufl, it dhatpltdiesaer asadilletierodeegysmeer £ 1if defiqmingde

more finel yag Qo el e ORI, A SRR TR MNtnd difthdynt egrat or

may be used in place of the fly eye |ens sposed i'n the illumnation 10

optial systenlem kod anhdden fde dd avhirrqaassss it atemddd Sikpathat
Its [ight-igd dendy Sdfdaf e PHLA™Y drley mtlm%# *Sb‘qlfa%rdrﬁr(sf)r:amf orm

plane in the illumnation optical system 12 and i I ght -energi ng surface

I's substantial | YW coffugatfp®X h the pattern siface of the 15 reticle Rin
the i || um nat i onpRid &5l) SSUBMAR TN Gtz rdie dif %G1l 15, bl nd 304

and the novable reticle blind 30B are arranged in the vicinity o

| i ght - emer giRF sArgage(dafingd axeasit & &hey vadiar thovagda wtersds pl ate
24 3¢ arranged, i 4y diign iLi dor RinddGiltnoflid REURUnBW e @F Gimd:d)g rod
integrator or is arranged on the Fourier transform plane (pupil plane) set
bet ween t heaftrr i) dihg eHd tehSamEandse IR tgnmiatese fly eye lens, the

rod integrator, wieisath &ANOloLligAdRed AN & d ifHya S, C& HdBg&y but the
secondary |ight sources in the present 25 invention should include a

surface 1i RSN cREER obd %t edl ithe dRsAT sl ilndgen foamiensy thea od
I ntegrator.; ji though Jmeld&s fﬂdnp@ﬂ%atéq‘?.{%fi%rﬁf jeVedn t e /@l 48 rfedl S

changed by using the aperture stop plate in e ‘i ndi vi dual enbodi ment s,
t he 3t ruct ukraserpyl hthoipusresl Kuds Ientdttest Yeaarfarm eptlisenlend ssion

located, foly exM&illation frequency f plural times (e.g., several
hundred timés). Then, an average pulse energy density Hf
(mJ/ (cm?-pulse)) on the wafer W is indirectly measured again
by integrating the output of the integrator sensor 46
30 corresponding to the pulse emission.

In the next step 116, an exposure pulse number Nf based
on the remeasured average pulse energy density Hf is
calculated from the following equation (6):

Nf = cint (So/Hf) (6)
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bet ween the exciner laser |ight source 16 and the optical |ntegrator i's
novabl e to change the intensity distribution of the |aser beam LB h?& 2002
| i ght-incident surface of the optical integrator 22. This nodificati A%

2 3t~ ~Y 200 nakes it possible to change the intensity distXi-butlon of

t he iIIuninating Iight IL on the focus plane of the fIy eye lens on the

| i ght - ener gi ng and the Fourier tr fo n um nation
optical system §%ﬁ ?EREE%EF?%e ng é%g%%%%ﬁ 2t %£§Ei+ﬁthe rod
integratorfﬂ@duéheyrﬁllhése&Qoﬁﬂ&hatfexﬁmsuméLpuISesnuMMeeaEﬁdlﬁr t he

normal illu i on | cha ed %ﬁ nodified il]um iion (e. g., annular

i |1 uni nat i 573 S lpbed bR ¢ ot Prat 1Y U35 of " he i1 uminating |ight

I L can be reduceﬂ s|QMtivm@mt*nyﬂmSﬂ0 t hat a(hj gh throughput can be

t d. He I
i r8ct1 on of ¢ b obh® AP BB T L 1|t SR BRLORT | b5 ay<TRR RS S an

conti nuous{y1Maryft bige SHZEf Oferide batSRsehedie LB oort becil it iomci dent
surface of the optical integrator 15 22 or the val ue 3% Furtheﬁ b
adj ust i ng FRBIUPREUNEUHRE WERNTSMEAS Y HRI O B FTY sHERFLRY ddhsd™?n t he

direction phetDgsopt bsal18xt ok NEFEQhen¥i £1 SR @t EANHLEM NBERa©Toh he | i ght
source side_than on that optical_elenent, it is possible to set the | aser

beam LB on (Y helfi gAal nkp deht SO LK fehan E?@ﬂ%ﬁﬁ?%%?egnY%b?%Iﬁr 22 in an

angyl ar Shﬁﬂstwmgseltni@ﬂééﬁarﬂu§éaI&ﬁ@t@@rQQEQHgﬁ fhahesmenther ot r si de
than the center portlon That is, annular illum nation becones avail abl e.

By perfornPagibbehian] G5eaneney fhel Hestiakichlmed RERAE HRIMINSSNEARIRY t he

nmoverment of the opkical £25 ¢l eg@ptpyitnd S1Possi Hi&ilPadibRT rEbQuoOn lﬂe
di aneter, the inside di anet er and t%e annul ar ratio the rati o of t
out si de d|Hﬁ@ﬂe%nt6GMﬁéSPﬁ§m§@td¢%ﬁeﬁ%ﬁ)P%ﬁd@¢@¢m}m% ﬁ%l?%gYi|ght IL whose

Intensity d'StrWHHB'Qﬂeb§§85§§oﬁan|@Ee§n11@elfoﬁé¢§£1§éan@ﬁérﬂl&&ane of
the illum nation optical system 3 n the case” of reaI|2|ng nodi fi ed

i | LB nat i 8Aesubpegtepol tAhbdceet hehe ntaseT t9s@i siatbori bregrerpy £ to

"'unlnat'eaelbgh&e'kllehLQU&aéOeémp@%@asugfﬁgnéaugtientg¢)pptTﬁéJffaws on
the Fourier transform plane of the | um nation optical 33 2 3 MAY 200z

system 12, thha grgcaﬁdé bet skep lhe &ikonsasyradpiseReryy dekeltneifl
I ntensity Gb§b5'9HE' ngsséﬂlfgay$ﬁrf§@§@ En@Pdeil anshor prblEsSPST 1T e

stops havi ht s sections or ht-redu0|g$ sections which
deflne thestgnﬁ ﬂééaFOaiéasasetbePﬁ@t¢@u¢m%¢lt?%ﬁs@%ﬁ pranealye ¢fis tine,

apert Ugges e arpL u Y e oge
R ahi o rn e PR R R o PR A BTN shapes

or si zes i ysafr dngsemeasukéngotif¢epnergy density Hf and the laser
oscillation frequency fn+l computed from equation (7)

becomes equal to or less than the predetermined value v.
When the decision in step 118 becomes affirmative, the
25 flow goes to step 120 to set the laser oscillation frequency
f to the value fn that has been computed from the equation
(7). In the next step 121, the scan speed V is set to the
maximum scanning speed Vmax after which the flow proceeds to
step 114. As exposure is performed under the thus set
30 conditions (Vmax, fn), after which the entire sequence is
terminated.
The first embodiment having the above-described
structure has the following advantages.

(1) Prior to scanning exposure of the wafer W, the
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transform plane parallel to at |east one of the adjustnent 10 of the

di stance between the axicons and the novenent of the optical elenest gﬁ@’%mm
al 'ows even nodified illum nation to change the intensity distribu % f
the illumnating light IL. In the first enbodi nent, the exposure anount on
each 15 point in each shot area on the wafer Wmay be adjusted by adj usting

the slit width W by.alteri p th e gul-a p n the fixed
reticle bl FHG 384 gﬁ%s?hgné g%b %n%eﬁygﬁegglﬁﬁg gBE g ﬁls S ?%g%uge

i nproves tmegHEQ[Belsfméaeeded1by sbetingeghatexpsensercaEdahdonhefor t he
20 waf er VV % E expgsure dose co€t£ guencelaccorﬂ%1 ﬁ to the fiESt
enbodi nent ¢ S&hé hRNJEEFIPGACY nf s? 364 tBREsLAPFT r MBI eSARTRBU
changlng thg aetérmggea ﬁbe??renSﬂmétaeﬁergy HbﬁshE%fHLLeWh@ﬁ ohet he rgggh
energy 5 adj uyster t he ow ] to step, 110, ski n s 1 to
1055 i o SEFAILAFE08HEFFaNENPHer pl 5LLERP N e rENF e Emulp 68t Tl 3 Een
control Seﬁﬂ@@@@négdfmﬁﬁtotﬁé éheré@éOpaheetenéagyhaeﬁe@epdnenbﬁdtnent the
aver age val ue of t nbers of pul ses that have been neasured

S|nultaneoEEﬂ?en&}lﬁelPéE6Pﬂeal%§ts hgPR BReawdfetnl &8 FrelsesBRedata (Pi,

Ei) at thephkEB 8f 8REUHELBEMIREdCOsEEL Bht PBnbEUGABNEREFPr OCESS anpunt P
of the integrator sensor 46 and the output ES of the energy nonitor 16c in

the exci mer | as€éherp§presotiPeeayeragy Puksg fRgragodenaiYshEuef ukhe

i mppoves tFﬁl@éegiihﬁﬂnailhaelﬁeﬂtetﬁtbﬁnthe”whbértW'EQ grhagsment, an
acoust o-optic nodul ator whi Ch uSes a Raman-Nath diffraction {Debye-Sears

ef fect) d|@ep§§éed|ﬁt tbe esxaiplatignphregdeermrxnthéghpasefetsabubhecati on
No. 6- 3024%lmén€f'Eéaﬁﬁ&ﬁssgﬁggéﬂgeu pakabesh Phe ﬁe536r§§§ r@@Ml@e used
as the fine energy_adjuster 2 his case, the anobunt o

transmttatbe p§Ceéﬁ?thgau§F9QEQaﬁ§e§n@ys@éﬁtﬁEP?ﬁngr?héeﬁDandaﬁhen state
of the. a00u359g9p£ee ga@gbaaertPéOekelﬁefh1§§39dnH§H£ ssnec88@slietlon
frequency o xcimer laser light source 16 at The tinme of measuring the
endbgy needdiusted sheasanell FaxekoAedstEne| aetofxpPpeygenaforiaix bTkifay
have an arbiliiakY ¥ﬂeuﬁlf¥@§8nEer8§ﬁéeha%h@”cBhEﬁH@BC¥nEPS§ BEOVhdes the
nost stable energy state for the excl nmer |aser light sodrce 16 differs
from t he mexPegtreséibhst pod ?héqﬁ@h@?lfﬂﬁﬁrgYOr Thgfaﬁ@éerthbeoéétvﬁhtlon
frequency %B%Eg?rQVbQGEhEhBuTQEt1§iéﬁiﬁa€ﬂﬁ§giléh€tQL'§sS§bSSE§Htléilys to
be noted however that the oscillation frequéncy is set such that the

osci | | ati other eqmeney shet RRe2OYekbaheroraseponfightosshrceeteerposhEet i me
of %Cann'ng BYRLSHLE. (hEEoQEEhbhgt'QB igeﬁeeeexleaksuha&eQ §ﬁ9n1the
equation ( ?5 approximately cointcides wth the oscillation frequency of the
exci mer |ae@pumagﬁtegegseeelenatheheafeﬁewof measuring the energy. In

consi deration szﬁhew%éntQEQUSEEEil EhehekPEGuehby! § REef,¢ERARPhEat hat the
oscillation frequency at the tine o measuring the energy be the rated

maxi mum os eirledetiesminedqyengg, f AERNNLAJeaBROBRBBIPRENE WAEeEcHNni8peed V
for the waigh rween@ukheleﬁehk' %h@&sﬁi?HHeEﬁ¥ 9§e&aeee§9ugerehe§sy light 30
source 16 nay be set to values different fromthe réspective maxinhum
val2es. Thde@@aﬁw’HgOéxﬁb@upelégn@l@ﬂmhgatheguéiﬁbttﬁé -scihispealiew, 1the
oscillatl oodeagieney Luatfiyhe, At YeafhihbeeRPbshrbl LHTLAB! kgL ANt L

S i F=ph P
are deter such th e“oscillation requency of the exciner [aser
| i ght 35 whlle securing the necessary energy of the pulse

illuminating light IL for this scanning exposure. It is
therefore possible to maintain a high throughput while
30 ensuring accurate scanning exposure on the wafer W.
(3) The number of pulses N (exposure pulse number)
irradiated per point in each shot area on the wafer W is
determined based on the set exposure amount So and the

result of measuring the average pulse energy density H of
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2 3 f~i~~Y 200Z source 16 at the time of neasuring the energy_nea-~rly
mat ches the oscillation frequency at the tinme of scanning exposureu%gnwa 2002
cohsi deration of the throughput, therefore, it is preferable that dt"l'éast
one of the scan speed V and the 5 oscillation frequency f should take a
maxi num val ue. |If both paraneters do not take maxi mumvalues, it is
desirabl e t S C o) e Xi al ue i.ble. The
exposure a%%%r%égggagggkéh?ﬁﬁéﬁgiiigéﬁeggﬁt ?%%%%t+%n§?g§Fé%E§%r%?ed to the
type whi chpudssesedmbber NO fldrooatlbhgt semi Coaguetoy fleof cese ddorimerit
imted to,a_scapni,ng exposure.apparat of the ste nd scan_ ,type or a
reduction %?f‘)%’é uj;%ag}ftgpséo e%&%eos u6r eP%p%eZ’?% & Thi sg%(f(%%(gh?%f%'ppta}}%t us
i ncl udes aefhetryywaf ethexpobse el Bpyrei @d Usng st Egiper JL ofot hesporepi rmndc ¢ epeat
typg, an egual magnificatiagn (or. 15 en] ar nt) projection fype exposure
wpSr at s EHEr PEREDE b ERY | it et ST G oo e CbERa 2 AT R EN s Uced
i n manuf achuopeply andupteciystad dishl syl deycgening ¢dpesuPs cdaipclgevi ce, a
thin-filmnmagnetjc, head anqla reticle or mask. 20 An exposure apparatus
whi ch uses¥@egp @I%?a@??ﬁ@ﬁ ¥3RRd(DUV) or vacuumultraviolet rays (VUV)
usual l'y uses a Hﬁlnsmérﬁééélﬁlrixﬁjiﬂi@,e@élﬁbjds@énéwﬁytén@ﬁésdetféﬂ@.{dﬂ@%doped
quartz glass, fluorite, magnesiumfluoride, crystal or the like as fhe

reticle subRerasellptin, TR 35D BEPSBEEEUN L bk pther S ahb AW uses

a 16fl ecti pRefiiBBcPBEkusddi 118 tHE HEOXLDI bl e raNiesPOsSUIE apparatus, the
el ectron beam exposure apparatus or the |1 ke use a transm ssion mask

(stenci| nBYRSEANHERDERNENSE3HE A% Bhe | PPebhlakier BFeTWRNEY Kidras the mask

substrat e. yBOcHhRaHr9: &8¢t EHTC @RI £l bSYSA €5 Pthéd SmEQtutémdd et 1t
refraction systemwhich is conprised only of a plurality of refractive

optical el BRBRE¥, depsityy pEherekerect thp/ ortimel i opctsiel®Mhi ch has both

a refracti yecqobhegl a€l eRENt imd b £ é@éﬂn@%?%@&é&ﬁé' ol eReNjafLoONFave 36
2 3 1~A, 2002 mirror or _the |ike), or a reflection systemwhir-~-js
cokpri sed @atgrBingdp| uFhdtt s ofthefeRR¥IBrobpihe apubsenehtwningEingbl e as

the projeciightOopli f8basy SEEM Sbakiieng CéX 5650 PE/ b1 ERELISF L VPE 15 an
optical systémwhich has at 5 |east a beamsplitter and a concave mirror as
the refl ecBPBEPRENABRLY PO ENRESS sWith Bt i RETual seRAT IR chf b AKkRS use a

beam split§erpBukihae o COREAYE: hEFOT adBEr 2t &1 §£Shin Blg L &RpS Sl F&£CEh ON _
optical elenments, and an optical systemwhich has a plurality of refraction

el enent s aﬁHetVBfEB Yeflection optical elements (at |east one of whichis a
copgave mrror) {9;ramg@f# ametagcﬁﬁﬂ@tp&ﬁlfﬁé%@éﬁgy Asofli ggd 0sesdirhdl U. S.
Patent No. 5,031,976, No. 5,788,229 and No._5, 717,518. The present

i nventi on &aReBelaghbteouree 1oxiexafbl @Iual pkexPHi 1§58 yeRAR R ur e

appar at us m@k@ﬂuﬁ08§cﬂpiaé§oﬁSf&éﬁﬁ%ﬁ%ycfﬁQQ,0@&&&@&n§¥é§§@%uﬂ@ei§resent
invention may be adapted to the EUV exposure apparatus which uses EUV rays

as exposur 6arrigdi auti 8k Fhghmaxipum searidng e3Pe@dt VBAX or TS pul ses from

an SOR or gekA$es PLEENMBchhSTMg SOMEESurd en BlYe ' R¥Be 20w NS4 t Nifp SPRLS r um of
5to 15 nm(soft X-ray region). In this exposure apparatus, the

i | B&ni nat i 6heatbagughPethie refl ecti on mask are defined to be arc slits.

Further, as the gefl erbi 98- (Pske PO PREGheREE FOYEOLRYNEREOROMSI ¥s&t the
speed ratio according to the magnification of the reduction 25 projection

optical sydtghtwAPBRCEntPubesdeterminedthasedren| bleeiont optPerel enent s
(mrrors), ahBGnRaEbeARAOEnE NP &t €6 QB 8RB G SthE ARFELEGE DL sd e wafer.

energy density H of the pulse illuminating light IL.

30 Altering the set exposure amount can therefore permit this
system to easily cope with photoresists having different
sensitivity characteristics.

(7) As the average pulse energy density H of the pulse

illuminating light IL is measured before scanning exposure
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The present invention may be adapted to an exposure apparatus that uses,
the exposure illumnation |ight, 30 harnonic waves obtai ned by anp?:i ,Wgzmm
t hé singl e-wavel ength | aser beam of the infrared range or visible é@’
emtted froma DFB sem conductor |aser or a fiber |aser, using an

er bi um doped (or erbium yttri um doped) fiber anplifier and converting the

| aser beamto the u i ra Si n- ear
opti cal cr%t%kf %esrp@c/, 19_T L | yr%{bocajjfrﬁ&g%e os%?Y%ng %éng%\s/ave eng%] Jﬁré‘{J

si ngl e- vvave;kafqglél lvitsert dreamn rexx:inmgelaﬂeri Bﬂghb dowBceainis 8xsdwdy noni ¢
waves whose mave% t ie n a range oft189 g 5%%99 nm or 10x harnonic
waves whos® Wave #ﬁ%r???%ﬁ? CQP?%&I%F%ﬁ 183 ¢b 1B TRTHPRE otR L. When

t he oscillaigioh yaveteng hor stisetopt idah syseagetioqt h&dﬂtimﬂeéﬁam
partlcularl¥1u8x hay moni ¢ waves whose ﬁgveleng h lies in range of 193 to

194° nm TR R RIS WF% olR*¥0'¢ he: safre %ﬁ’e th as that

of the Ar thgﬁslﬁﬂftéﬁ@@ryuﬂﬁ er BRS|L) I Efile é/ih@ﬁg*lhﬁs Qs@tléﬂfwmeavawyelﬂmgth i's
set within a . range of 1.57 to 1.58 um 10x_harnonjc waves whos

wavel engt hCPaRgEe | n BVeRintfe Phe 1635¢ o"h8Ee nhi lyminatipn r’a?n %‘I”e‘f‘:}?%‘}st‘?law ng

about the gaaeryeyel ENchinAsi dMain ofhiléht fige Ffi 2@sefid sigpacat tigg. Wien
the oscillation wavelength is set within a range of 1.03 to 1.12 um 7X

har noni ¢ WaReRiRkRE We%%ﬁ@'ﬂ%f‘ﬂ’e%nl?P‘él?%l%g%y%‘f’e"_‘tﬂp?’ét‘i%% FrPRr e

ouj gut . Vmﬁﬂaﬁ@ez@sété|éﬁéﬁ§g&®%&'EGQéPdéﬁcéeﬁlﬂht@h@ @Yé@@g&fOf 1.099 to
20 1.106 um particul arl har noni ¢ waves whose wavelength lies in a

range of 1BItESrNSg whua% the| eyalis RetEayR %vlrﬁ@l%%tpémeg%n%f

wavel engthegs F8aicpE Rhecke dRsedy %enaeqwé@dafféc@eélwlﬁsa\@vel engt h
oscillation |aser, an yttrl um doped fiber laser or the like is used. 25 The

exposur e aphanatus Bredrdlbly toeacEhangendnador cte ceRoEdy heRIRFEEPE can

be manuf ac{ay d.py gﬁsggr%)l‘l,glge{,rw 151 uns ppy i 90c@pLycal system conprised of
a plurality o opti cal enents and the projection optical systeminto the

bod§ of théSexpodukmbegiaenrtlis and adj usting the optical 30

characteristicsy éé&@ﬁ&léﬂb&@fméﬁélafetﬁé BeSEntef S ettt POE FPIPI S NY
mul tiple nechanical parts to the dy o e exposure apparatus and

connect i ngbehdeafrékedndcpnpesing m%éanp@%uV@a pphfbens, freM ERet her

pefforn1ngfigetggﬂssaiméﬁtUS$9EPéfé§£§ﬁ%rt5 @9 ystgentq gperational check
or the 38 HY 2002 {ik [ esi rab e that exposure

shoul d. he”. ~ar r Regos@ingnte Eh%a§e¢@@ﬂ1ﬂm%®@lmﬁ@tteﬂ%%? e and humidity

he exp a d e, pf e S h k re
con?rolIed8§E£%}§g£§%O%P§ %%$E%e€?%§ ?E %g%r?ggfegf?ﬁg%ﬁgﬁlgés?%% of

desi gni ng ehergunési bhghet thendebeceschliabponf fpedderryigt athatikie based
on this degigp 8E€Erm§né&eﬂa9£?f85”£98 §e§@i€r09ftﬁeséﬁéﬁg9 material, a

step of exposing the pattern of the reticle on the wafer by the exposure
appar at us Bfagnyenenthéwhenabagecdestt pbbanchbodanaeayst dsstepebfthban| di ng

up the devigg ﬁbﬂihHﬂ'BScﬁ%ﬂéEiHH fk@aueﬁepdfﬁgxﬁte@hénéxﬁagﬁéglgwbéﬁ@p)

an inspection step and i'rradiation control apparatus and
i r 2adi at i ohscepntspliedhbd f@nelhea@1@ﬁﬁéﬂglhb@roﬁthlaébﬁﬁC@UHBUHSOf

accordi ng {Qet BR-PLESCDLsEPVERELPNsBBY cBC189aPtRE £Qafning exposure

apparatus 10 of the second embodiment uses a control table
for fine adjustment of the oscillation output of the excimer
laser light source 16.

30 The control table is prepared prior to scanning
exposure on the wafer W. As shown in Fig. 2, part of the
laser beam emitted from the laser resonator 16a enters the
energy monitor 16c via the beam splitter 16b. The output ES

of the energy monitor 16c which corresponds to the incident
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pul sed |ight source for a | aser beam machine or the |like. The

above- descri bed enbodi nents can cover the foll ow ng technical conczgtﬁ. '(élﬂhz
Thé irradiation control nmethod for a pulsed |light 20 source descri®hed Ak
claim4, wherein the adjustnment of the energy per pul sed beam attenuates

t he pul sed beam fromthe pul sed |ight source by guiding the pul sed beamto

the light 1S IREIBA S ) G d TEREIR P L GRET Dled B QIOf  ofnd pul sed
| ight 25 source describedin claim4 or as recited in the previous

par agr aph €riergweardirpl¥rr dgdist e eFin moniralgehar0 poasdrediad] ust s
the oscillatj t nut S ' r ' r?,gpa/ scri bed
structur e,@%%’g%%é}gﬁ%%%%?3 saﬁe&%%t?g:st :oq;sﬁﬁleé”n%%%tgo escr):?rbég]g in
claim 3 cabdbeamkpdert erhtBE DS-IoA theaht@gratior clerismd 4&: 1. An
irradiation co d r ' 'S c i ch i gﬂ'g;esa
pulied beam onr}%%a%qﬁrﬁhﬁeaé%ns%uﬁqeﬁfée%%&}rrles’i %Hef ﬁ%ﬂ& eé;;c"sﬁ%é i

measur i ng Ehesgnydoftle pudrstecb b eiant drawa tigpra T doettdren eresr gys ccdritato oer

frequenc itted fromthe pulsed |ight, source; er m ni t ual
osciql | at iyofméa r%h‘gem?/ Nojm i Ssee]ajjf%l?ﬁ Ssoolt’r‘rdceedjlei paec%f(;(l?%‘g%gpgu Ce( Eat he
nunber of S€6n 10 Ii ddeopddrsss e i < hpu 1ss e edneir s iwd, belsedn a

rel ationsh?mibet nen (51e. rreaﬁed ener gy andc;pu roﬁ]tern‘j ed iIIun?r:ition
energy:  artoR AR d H G Br i S Lle Db &im tite T FRIERL S i ned
osro | | ati oferds@f|ubB Coxli 4 ol Ten 1 eundn gty iadetlerghth el oseiddqiion
frequency. 2. ﬁe irc?%d' at i O?\p control net hagfjﬁdfco.r%n.n .io c: aic?hjl wherein
the oscil |'58§ P FGTRETE CXRIVINT PP 2P A “hd’é&é]&g& Tt Rt hePhct ual

osci | | ati ofhd resfency i dedem NtEdimgimtcdreasdl lone 50 perforny speed of
the 20 illum nation supject and the predetermni.ned oscriéll | ati on fﬁ\gsuency at

a m -xi URTHIRGHeR T DU SREBEEATCS bil Ag'S A PRy ARster

illum natipm swdj€ed findeadiustvatk Sf the dridmfl @ddOpwhdd rod et hod
according to claim1l1, wherein the ene{agy adj usting step includes
cohtrol | i ngroE"ehel 3385t IRGRORHTR Pt PEF 112 RFRRTYEY YeahSaving the

det er m nedy®s&t | At $0dh f 1041 ey ) i b ed Rt dd I an sl et hod
according to claim 1, wherein, the energé/headé'eusti ng step includes reducing
0 .

iIIuninaIi?@P%ﬁ@ﬂEﬁ@%%y ?Rﬁ@g&p%%dmitg_ t exposure amount So

A description will now be given of an example of the

fine adjustment of the energy per pulse in the excimer laser
20 light source 16.

To begin generation of the control table will be
discussed. To generate the control table based on the
output DS of the integrator sensor 46, it is assumed that
the unit of the output ES of the energy monitor 16c (unit of

25 the energy control quantity) is "mJ/pulse"”. The unit of the
output DS of the integrator sensor 46 (unit of the energy
control quantity) is "digit/pulse".

It is assumed that the output DS of the integrator
sensor 46 has been calibrated with respect to the output of

30 a reference illuminance meter (not shown). The reference
illuminance meter is placed at the same height as an image
on the Z tilt stage 58 in Fig. 1 (i.e., the surface of the
wafer). As the output unit of the reference illuminance

meter is "mJ/ (cm?-pulse)”, the output DS (digit/pulse) of the
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2~ 3 ~"~A~f ~uuG 5. An irradiation control apparatus which-8ontrols a

pul sed |ight source that irradiates a pul sed beam on an iIIuninatQp@ MAY 20
subj ect, conprising: a neasuring device which neasures energy of a puf ed g?
beam having a predetermnined oscillation frequency emitted fromthe pul sed
light source; - a determning device which is electrically connected to ,.

the neasurjigegevice sussiet £6 M Hesa Bibesedd |y | @oidd efuensye péidhe pul sed
|'i ght source in accordance with the nunber of 10 pul ses of the pul sed beam
whi ch~i s de?effi aenbaeecover s Bt FUMeh 9N bEe hueedn Yokt Hadistite OR Yy and

predet er m ped, § | { WeN NALL QP2 EHLT S¥ns SN @Ne A0 WS td KiSo SleVd CamdhEh 1S
electrically connected to the determ ning device and adjusts the energy of

t he pul sed(nd/ paBmPMise )dhendéher HWEE s3difiacst-i ofher eggerdy tdiiff ers from

t heg pr edetgamélfyi&%%éfgwferﬁf eayea&yveﬁsi%#ef&ﬁé@%@téppownéml

apparatus according to claimb5, wherein the determ ning device determn nes
the oscil|exposure cafuewely ohiltke ninageisnnipee tedee DMELBECHLIRO0 novi ng

speed of t i i | O ubj e i i1l agiEon
frequency Ig a%ﬁ%ﬁ"i ﬁgér#lv%%e& entﬁ% %ﬁle?g% g@%%%i %ﬁ%%a&i?ét ed and
the illum nati obnstibg efollewbed deseniptiqn, Theerefeark attlon exposeore

appar at us i 2 i e ot J i devi ntrols
The pul sectr it Sotfecingsd Peadtiuilfhy L6 Abbati ety REren
osth | | ati ofirémeghencytpdt DBeof rthwai mtieyraont reknsppat @t s aefervedag to

Ul sed bearg a1 thE aRShiE bR EELEE AETE hnt LU RS or SRR B P
i rradi at ~eehe- puntsgdabteansénsor adpul sed | i ght source on a photosensitive

SubstTate Vi SuflBokoberEiPeag) 8 PELELR, oLy Ky LGl g Nepphot osensi i ve

correlation between the process amount P (mJ/(cm?:-pulse)) of

15 the integrator sensor 46 and the output ES (mJ/pulse) of the
energy monitor 16c. This is premised on the energy E per
pulse of the laser beam LB from the excimer laser light
source 16 of Fig. 1 being stabilized at a predetermined
center energy Eo. It is also assumed that the transmittance

20 in the rough energy adjuster 20 is set to 100% (open).

The energy E of the laser beam LB varies above or below
the center energy Eo in accordance with the following
equation (8) where Ndata represents the number of pieces of
data used in computing correlation data.

25 E = Eo{l %+ (i/Ndata) x Er/Eo} (8)
where Er is an energy modulation range and Er/Eo is
typically 0.02 to 0.03. Further, "i" is an integer whose
value varies within a range of 0 to Ndata.

Pulse emission of the excimer laser light source 16 is

30 performed while actually changing the value of i. For each
pulse, correlation data (Pi, Ei) between the value Pi of the
process amount P of the integrator sensor 46 and the value
Ei of the output ES of the energy monitor 1l6c is recorded.

Fig. 5 shows the correlation data (Pi, Ei). 1In Fig. 5,
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5 a controller that controls the pulsed Iight source which irradi ates the
Qul sed beam on the substrate, the controller including, a neasuring d&@NCQWZ
whi'ch measures energy of a pul sed beam havi ngl a' predet erm ned oscillation
frequency ' 10 emtted fromthe pulsed |ight source, ' a deternnining

device which is electrically connected to the neasuring device and

det er m nesgi St UANQSICiddAtd Aedrespane i ddlupud sesl Lilghtpseusse in
accordance with the nunber of pul ses of the | sed heam 15 which is

det er ni necR®Rd BrPh the AMEER P DRSS t‘ﬁ% anh & N R et yySStP a

predet er m ngd-dddAvd Natd QLGN B NG 1A Al B inith deyd CRs i Ofp i S
el ectrically connected to the determ ning device and adjusts the energy of
t he pul sedibeFpakaie tHe RAErTialePd#ata i IS+ eueh SOPPEER¥9%rs from

t he; pr edet g1, uned, oscs) 1At ié’%érﬁ%&ﬁ@-cd@fﬁ%rﬁ(wr&%%@f&@
according to claim9, wherein the determ ning device determnes the
osci | | at ~. gre fowRrith BS wid bW et it fhi e sane ras ingnet @f Waohaiony Hped of

the subst ﬁi%@%%grg@rgze eéie&@m&@gpﬁigieb habiroR bl RYeRGY 122 dkndJRsigTUM

val ue We S amls being irradiated and the “substrate Is being
nmoved. 11.ishecexposds e Bipparenust sicwrorfingt ian cf Bn@x aheonversien

a0) usting dSYLEECEON rol s Bl Athd 1o SPU 4 QRE dode Bl Segbbeam
g the determ ned oscillTation Trequency. 1 e exposure apparat us
ackor di ng showh aim Big42l. ZAsing' theogbhearal thdorafess ianpuryike
beam 13, Ther B phRts M Rt a1 S R e BIES an
the phot os&hscan vacsutstely ecaleubate novebter mawb vkl vy postpet dipaoht us
the. phot 0saRe! TSRS IBELT &S 19 synchr onl smw th each other. 14. An
exposure net hodItotsiassuned ivglaw pxha;ledtﬁmaamerélaieibrﬁ roetwedn gtite sour ce
ony @ Phot o5ensi L1 ve, SUBSLIARs 10.Y1 8,8 JBsky) nSRAOSE Pepafgern of the mask
approximately linear, its offset is 0 and the slope of the
line is a conversion coefficient P. That is, it is assumed
that the correlation data (Pi, Ei) is expressed by a linear
function as indicated by the solid line in Fig. 5.
20 Therefore, the output ES (mJd/pulse) of the energy monitor
l6c is computed from the following equation (9) using the
process amount P (mJ/ (cm?-pulse)) of the integrator sensor 46
and the conversion coefficient B.
ES =B x P (9)
25 The main controller 50 acquires the conversion
coefficient B by, for example, least square approximation
using the correlation data in Fig. 5, and stores the
conversion coefficient B in the memory 51. This completes
the preparation of the control table.
30 The exposure dose control sequence of the second
embodiment will now be described. As shown in Fig. 6, when
the decision in step 111 is negative, the following
processes will be carried out in the second embodiment. The

flow proceeds to step 130 to permit the excimer laser light
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phot osensitive substrate, conprising the steps of: neasuring energy of a

pul sed beam having a . predeterm ned oscillation frequency emtted2fJ ¢myt 8el2
i ght source; ' ~15 determ ning an actual oscillation frequency of the

pul sed beamat a tine of exposing the photosensitive substrate based on the

measured energy; and . adjusting the energy of the pul sed beamemtted from

the 1ight sQw&e Whers ther RS RHeherda nat Sscoh | at | Ore 2fatmawency at a tine
of measuring the en%%gg differs fromthe actual oscillation frequency
det er m nede3eit et iomel Bequss feax Blurmkk EkpRSulR- et hBRVEERbDr ding to

cl aim 14, I er ' ' j e gﬁg@@ [ ener gy
of 25 the pu éslg%@b%%ﬁ?%ﬂi t?ﬁeiztl&wr 3%1&% %ﬁ‘gﬁtégg%%e%tgi g tﬁfé %g?ééér;fi ni ned
act ual oscébleeroespordirpcio thals pulre expbstiken nks hbetegratedngeto claim

15, furthe I Si gﬁ;;o 1 canpy SXP r n e
pho? osensiﬁ%@%%s%‘?%éeg% ﬁfﬁg&%u edd%%%‘?ntii% phkg'g(rrask%%ﬁﬁl gtnhrmvi ng
t he mask amnige twefphdf ozsenthe imaxisubstostil ¥8tionR fr&perre-fmakxai$ve to
each other, 17. The e thod acco~"ding to claim 16, wherein the
phot osensijfl?%ler%% Jg ra?lgé%‘gélgr%@'pl urality of areas defined thereon 5 ~ the

scanni ng exposuie shepsubséquest setprent3hl | et rembserenenggy het nask pattern
onto the plurality of defined areas on the osensitive substrate
%W?Lcrg ﬁuelﬁe Hd wd, g‘nt St()éli%gué:ng%?%the n%:geﬁ;rraecor sens%r 46n

accordance he “ener eneasuri’ng step is
carpi ed outapenodist® tdfeddnse andi el @xpmised ef sérepthd 8f o Thew exgosur e net hod

according to c] aim erein t ener adj usting step includes the steps
of : det er nTA'A 1?%e%i%h%g?s ¢ ?ﬁJﬁhﬁifﬁéﬁésY e%an$¥%%ﬁa?%gs%ne?%ﬂg¥idual
poi nts in dé&esitefined. areas on the 15 photosensitive substrate based on the
measur ed energyPgng g(')/sengi(é(i))/é)ty characteri ﬁmc of the photosensitive

substrate: and cin
In the next step 132, an energy set value Et (mJ/pulse)

i5 of the laser beam LB in the excimer laser light source 16 is
calculated from the following equation (11) using the
conversion coefficient P stored in the memory 51.
Et = B x Pt (11)
In the next step 133, the energy set value Et is input
20 to the energy controller 16d. Then, the energy per pulse of
the laser beam LB is set to the energy set value Et
corresponding to the set exposure amount So. Next, the flow
proceeds to step 134 to set the scan speed V to the maximum
scanning speed Vmax. The flow then moves to step 135 to
25 execute exposure under the set conditions (Vmax, fmax, Et)
after which the entire sequence is terminated.
The second embodiment having the above-described
structure has the following advantages.
(1) The energy per pulse of the laser beam LB is
30 finely adjusted based on the set exposure amount So and the
result of measuring the average pulse energy density H of
the pulse illuminating light IL. Accordingly, the energy of
the pulse illuminating light IL which corresponds to the

sensitivity characteristic of the photoresist is set

29



determ ni ng scanni ng exposure conditions for the photosensitive Suqfﬁ;ﬁﬂf 2007
i ncluding an oscillation frequency 20 of the |Iight source based on
det'er m ned~nunber of pul sed beans. 19. The exposure nethod according to
clai m 18, wherein the scanning exposure conditions include the oscillation
frequency of the light source, a noving speed of the 25 photosensitive

substrate gpgpar W difd Odcdiga !l S8 PERMB P ad ke { By de P sHBe dbs eehéon of
t he photosensitive substrate, 20. The exposure nethod according to claim

16, wher ei fafpB-¥ chRefPMRl 1$RE@ner gy step is not performed when the 30
det erm ned osci(bptigpn {REAWENCYot S i InG PREISLER é“;;g%ﬁ?% ex_%efg%yﬁz

2QQ? range, and In the scanning exposure step, the-pie aving
det er mi neddesgity aii of theceelrsy isleninatkingrbighhelli ghesexedeer. 21. An

expgsure mpLOQfl {PAnt LaGHAL! 19 anPLl SPILREA Sene CPLELEInlk Ak || ONL

source on a p nsitrve substrate via a nask to expose a pattern of the
mask on thesphblateosi freeuentstfmae, cBmpsistagilhzesteps sfatereaturing

¢ . " : . i
o t1od 1r onr RECTneEr Tholl Tl SEFEELCLE BP0t Ing! Le ot SR ERSY
frequency bhet deepapsepubsanerzeray tdemsbfy exposi ng the photosensitive

substrate o . red energy; and reneasuring the energy of the
pul sed beag?§§?9t§%£$$%n1ﬁgythe | i ght source based on the determ ned

ostOl | ati on frejuehtydwaebodimept edft Eneni peesesti ihwenoioh reglenegw abea .
time of measurin he enger differs fromthe,deternm ned pscill.ation
froquency. GeStFaSed neceRtaiing pathly 58 AL Ca L FrEtdnaes Peah BB ording to
claim 21, firshean@0seoopdieningdihentss epopfrepefotngngo SEAgSI NY @xg@osure on

t he photosensitjve %ubstratf.mjtz t he gulsed beam via the mask mh%&e novi ng
the mask and t h8SpfdY¥Rehli f19e SubtPERR HRY LTRSSV E® AR LTHEY. /9 23, The
exposure natboddangotdi tiget bhitdi em2ddiméet ehals an attenuation means

15 or a fine energy adjuster 21 located in the optical path of
the laser beam LB behind the rough energy adjuster 20. The
fine energy adjuster 21 performs fine adjustment of the
pulse energy.

The fine energy adjuster 21 preferably includes a

20 double grating type fine adjuster for example as shown in,
Fig. 8A. The fine energy adjuster 21 has a fixed grating
plate 72 and a movable grating plate 74 placed one over the
other in the optical path of the laser beam LB. The fixed
grating plate 72 has transmitting portions and light-

25 shielding portions formed at predetermined pitches. The
movable grating plate 74 is movable in the pitch direction
of the grating. The main controller 50 finely adjusts the
transmittance for the laser beam LB by shifting the relative
positions of the two grating plates 72 and 74.

30 Alternatively, the fine energy adjuster 21 may have two
optical filter plates as shown in Fig. 8B. Specifically,
the fine energy adjuster 21 includes two glass plates 76 and
78 disposed on the optical path of the laser beam LB to be

symmetrically tilted at a variable inclination angle 6. A
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25 the photosensitive substrate has a plurality of areas defined thereon;
t he scanni ng exposure step includes sequentially transferring the2nhgsy mmz
pattern onto the plurality of defined areas on the photosensitive substrate
in accordance with a 30 step and scan system and 45 "2 3~ ~'~Y 2Dn2
the energy reneasuring step is carried out-prior to the scanni ng exposure

step. 29. IQEl@EQ?éHrﬁr@@éﬁ@ﬂn&CGQQQiH? 9 sbﬁuﬂb820nw68£3,3185§ of
remeasuring the energX step i s not 0 the 5 ~ detern ned
pig

osci | | ati ohher ggasacplateq ¥ hi and ?)}?)edeTB?nFﬁéGSW%Eéncaﬁdof ntheegbaaani ng
exposure sp Bte5h¢6pghae¢7b@ﬁ&h@éViﬂga&ESrasﬁéé”hﬂ@ﬂ eﬁelhhé&aeﬂtfrequency

is emitted fromthe ['ight sourc . The exposure net according to
claim 23, wahelei af~ DhehéaEﬁérg?aﬂd}ﬁstlHngGephiﬁcphéééctﬁélgtéss bhe

det grmi ni n@ﬁ gepmghei 96'589}:1989%3%&8 %Cmgéaa{;egn dugl dual

points in I ned areas on 't osensitive su str ased on the
measur ed eﬁengyyaadJESSehhetDveryltharaosmLtSanceoforthbephesesehsamlve
substrate: ;15 and determ ning scanni ng exposure conditions for the
photosenS|P|ve substrate including an oscillation frequency of the |ight
source based onIhhehdeteanhied expbeurefappasatubeafisof20h@6thind exposure

nmet hod accor di to,.claim?2 erein the noLNg. §XRQsUr £5¢ dition

i ncl ude th8m§8§?WF8F(oH Hk gaﬁmﬂ yegfb?ﬁm ﬁ ﬁ?dsoug §nf ﬁ%v?ﬁg §88%§ of
th¢0photosenekgyvedSUBSEtaze ﬁﬂdsﬁ,mtﬂéhauérhge pulsedeheagy' derbatiyng to. a
novi ng direct ﬁn of the photoigﬁgltlvg 25 substrate. .27. The ?p Wh

net hod acc8 d § EexeMdmnPeet +&'n Fﬁ8u8HS¥g§m?énéisﬂFFﬁar§ & €ludes
t he step otheedetellbbinbg fbeqosﬁcylﬁtwhmchrEqueetgrminéaebhsghtoﬁOﬂhee

based on the_eneasur ed,cner gy, Wen L e IRLCLILIoH. 20ngRObLLETL 90 L eauency

frequency fmax, the fine energy adjuster 21 further reduces

15 the laser beam LB. Remeasuring the energy is repeated while
changing the amount of fine adjustment until the energy E of
the pulse illuminating light IL which nearly corresponds to
the set exposure amount So is obtained.

This structure has nearly the same advantages as the

20 second embodiment.

(Modifications)

The individual embodiments may be modified as follows.

In each embodiment, the excimer laser light source 16
as the exposure light source may be replaced with another

25 type of pulsed light source, e.g., a harmonic generator,
such as a metal vapor laser or a YAG laser.

In each embodiment, the exposure controller and stage
controller may be provided as separate from the main
controller 50.

30 In each embodiment, the integration of the output of
the integrator sensor 46 may be carried out by retracting
the wafer W by driving the XY stage 14 while the opening
formed by both reticle blinds 30A and 30B is fully opened.

In each embodiment, as shown in Fig. 9, the rough
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i~ ~t~" 200? oscillation frequency at a tinme of neasuring. the-renergy,

28. The exposure nethod according to claim?27, wherein the energy d?3 MAY 2002
reneasuri ng step includes repeating the energy reneasuring step and the
oscillation-frequency redetermning 5 step until the determ ned oscillation
frequency is within a predeterm ned range. 29. The exposure nethod

accordi ng i es el cil i.on: frequde 5 Lg
source is %g?gégi%%ﬁg%%ggp%gdﬁ?%at% 5 %Bé?%$§£1§%e8ﬁng§%aggp%gﬁt%% ?ﬂe 10
phot osensi eagk babsngad eplurahetycahnipgf ekpessir@2 vRichhkavexposure net hod

accor di ng &foéﬂéﬂ}Zéraxﬁﬁi€%£héé§.prf eLRI M ped OSEEE'€££8§%I£$%H8QCV at a
time of neasuring thé energy 1s a rate nBX|nun1?fequency. : € éxposure
nmet hod accwithngespect aion e Wheerilped LBeioschahgedoinfpbguahcyteps

det ermi ni ng_st ep~hncl udes det.erm ni ng t actual .oscillation freguen in
accgrdancegﬁf?h?%bﬁh %g%nYnga?yl%%g g%hgﬁ%fl%aégﬁsF #vF?@aE%a?g%ﬁ%?igqic of
t he phot oseatative sobshe admotmelrt he energy of the pul sed beamirradi at ed

on the photosengjtive 20 substrate._32..The exposure t hod_according to
olal man wher oTRLE et BREPUEE GhEH R o P L LA R EiRR chif LE e TR HF: "ot o
ti me dependent Thaagehi embbddimeast, onerod Inteqnstottmagebefuaadi ihum nation
optical systemwhich irgpadiates.the | sed beam 25 em tt fromthe |ight
sour ce ontBE?ﬁg ﬂtsgpea£f¥aﬁ%%i}?%icgyo l%P%?%?e%?iBﬁéobﬁfB%}ng $?8m whi ch
propects aopuliseall bgabeene?gi NOn ftlois t bBe&s@pskhentodt hetplphosenssti ve
substrate and an qscil]atjon output of the, light source. 47 Z 3 =~
2002 33. TAETERESALFUCHethBH HEdol LG 1RCLASHm SURLaGRePUPREARERALEY | cast
one of a shapehapdtBéZRo@fiér SEEMEBs ¥m ! bUihe SO €Be WDiGRiIhStiORNMED DYy an
illum nation optical stemwhich irradj ates the gf%sed beam from the |ight

S
sour ce ont BPE1FRE ﬁﬁ%kgmi§zcﬁ%ﬁgéﬁsi%l REoPBRFeENTi FRCERES bk pattern, the
OSCi||atiOBuBBQQﬂQmQYlﬁeéﬁﬁﬂﬁ?éﬂédS&ﬂ@hiﬂﬁéuﬁgstéﬁﬁeéﬁiﬁéﬁg bhecret ual

osgilTation Lt eaueRcy oLt "E11 Ll a 208 Copt DoBF oy Sa0G e Y t N 8, gD 2D ge-

the fixed reticle blind 30A and the movable reticle blind
30B are arranged in the vicinity of the light-emerging
surface of the rod integrator, and the aperture stop plate
24 is arranged in the vicinity of the light-incident surface

20 of the rod integrator or is arranged on the Fourier
transform plane (pupil plane) set between the rod integrator
and the reticle R. Unlike the fly eye lens, the rod
integrator, if used, cannot clearly form a light source
image, but the secondary light sources in the present

25 invention should include a surface light source from a
plurality of virtual images formed by the rod integrator.

Although modified illumination is achieved or the value

o is changed by using the aperture stop plate 24 in the
individual embodiments, the structure may be modified such

30 that at least one optical element located, for example,
between the excimer laser light source 16 and the optical
integrator 22, is movable to change the intensity
distribution of the laser beam LB on the light-incident

surface of the optical integrator 22. This modification
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34. The exposure nethod according to claim 21, wherein 10 the predeterm ned
oscillation frequency at a time of neasuring the energy is a rated?2mpAnRif?
frequency. 35. The exposure nethod according to claim 21, wherein the

actual oscillation frequency determ ning step includes determ ning the
actual oscillation frequency in accordance 15 with a change in at |east one

of @ sensiphybLyie GH3LAGHETLS!Raite ! Be PIREORETEY hyEe BUBSEI G Coand Lhe
energy of the pufsed eam i rradi ated on the photosensitive substrate. 36.
The' exposutbendl honingebrdi hggho Elapm BEe {pevsi plaget e eher§yotyehe

pul sed bea ange S 'S i aed n t i st one
of a transg%ﬁ?tgﬁcgh%flg%ﬁfl#%éﬁéé& o%iggtggglg@%s?éﬁ?&%?c%P?ﬁégéﬁgtes t he
pul sed beaplenetoEdtheobdibeindtptn cpuicaloaysteheldus&t hetveesnihe¢ance
of projectiop_ i S i oj.eqt [ g hg
fromthe n%%éggngﬁé%ﬁgk%h%ﬁ%gg%%? fC%ﬁéu%§§r§ eegﬁ%égga%§§2%$$Ig%?%%i%utput
of the |igRt sBuepeif 3The Thelexposis edeetrbadedconr thagndéomgl ai m 2|, . wherein
when at |ea & one gf a shape and,sjze of. . S§¢9 9ar¥ I{ght source, which
s formed By HRLFRTHRR T oreaped o ROt ERRd ShIHRTRRE D alf afes ¢ he

pul sed beaanhubart belhmihat Sony cetloat chdBge-3r3gMiYtedOPighe bask,of s
changed in

ccordance with th - sk- ttern, the oscillation frequency
Geerm ni n5he: ohL iAo ahsad dki gt B nerf e SECauPES PP Lt Foat P hea ey o
theo}ight shdece hﬂgﬁgﬁnfdﬁ@ﬁpumﬁé@ntbe mhaﬂgeinﬁd38. A net hod ofI 4l
manufacturing ap Irradiatl on control apparatus at contr S a, pul se | t
Cour o vii ch'i ¢ PetiFecnetingd rEoleast S8 GRt{Ra bnthefenh  Dndylin ote ' O
conpri si ngdtilrecsiepsoof theropt ical axpeasarthg devukensbich opascaEs energy
of a 10 _ pul sed E am having,a predeterm ned oscillation frequency emtted
£ om  he pGVSEAT) LGhERRoEPREINEPRTEYi Foh HRECPHFRI AG HRTI LASHRI RSARS

el ectrical Lp eantret edgho-1iheia@asushngadevoeetRBdogel €411 eBedha st UAl
oscillation frequencg of the pul sed l;ﬁgt sgurce.in 15 accordance with the
nutBer of pal SEstBE YALUBUP sed M BERRT whP¥nafdugbiBY nfRe 9b3kCeN a

rel ati onshpprheenegnphne SEasshedatnet9¥mandani BoREPt ehMREdditéapioation
energy: and PLoY! SpP9.2D ARl yst 0008 SRi ! She' SrEl85th' S82Yon the
light source side than on that optical element, it is
possible to set the laser beam LB on the light-incident
20 surface of the optical integrator 22 in an annular shape
whose intensity distribution becomes higher on the outer
side than the center portion. That is, annular illumination
becomes available. By performing both adjusting of the
distance between the axicons and the movement of the optical
25 element, it is possible to alter the outside diameter, the
inside diameter and the annular ratio (the ratio of the
outside diameter to the inside diameter) of the illuminating
light IL whose intensity distribution becomes annular on the
Fourier transform plane of the illumination optical system
30 12.
In the case of realizing modified illumination subject
to enhance the intensity distribution of the illuminating
light IL in four local areas eccentric to the optical axis

on the Fourier transform plane of the illumination optical
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connected to the determ ning device and adjusts the energy 20 of the pul sed
beam when the determ ned actual oscillation frequency differs fromthe
predeterm ned oscillation frequency. 39. A method of manufacturi n& anMAY 2002
exposure apparatus which irradi ates a pul sed beamfrom a pul sed |ight

source on 25 a photosensitive substrate via a mask to expose a pattern of

the mask onydhenP19t 03RBSH: LGSRk AEn Hhe BRLRAM-CoIELgLATCNE o5t eps

of : providi an apparatus that controls the pulse i ght urce whic
i rradi at es matke phlesédtboaityndibé rdbustiont &ave0 anhenapgarasbepeneahnddi ng a

measuri ng i i ener f ul b i.ng .
predeterni%géhgggu a??%gsﬁggéﬁgﬁgg%g_'t&SJ?P o%ﬁgﬂg %&g%ggxhggﬁ?cgéﬁPge, a
49 z 3 rer-digo2edetengi senyidesi wbiwhi defiseeltbet fioval Lpcadnaeebsed~t 0

t he cneasuri.ng Vi r@.nes ct ual ilkation fre n aof the
pulged Iigﬁ? §§§rgggfﬁggcg%%gggégﬁwpﬁgn?ﬁe %ﬁn%ggsoFﬁgﬁVsggeogggﬁg¥53Ised
beam whi ch sitopdeedericrdd f5ohaseglamad ity alfi apelitpreesweps wheseeasur ed

energy and.predeternined illum.natign energy, and an adjusting,device which
el bttt AaORy e BARAETEd 5eEhERGendrmineny aey e iRan e i6BR Fhesener oy
of the pul siid feeamtwsapebeotdeserrisndd astiahbatd on theq@eneyedi ffers from
the 10 predeterm ned oscill ati requency; and providi a .,scannin
exposur e Eﬁ&ﬁ%@ﬁwwﬁﬁéﬂenBGEQYEﬁ@ s?taﬁﬁaﬁﬁeogﬁoPéséﬁgj?9985598 rate in
synohr oni smfwithie edelastbebet#8enAttieviase consubadt thiengoleinad e6@Mphiesi ng
the steps 15 qof .exposing a pattern_of a mask on.a, photosensitiye
Substrare GEIHGALEIERE0Ln o HEEnOALOHE SUERGTONE LeBane LIPR RaLLER: 4G
ener gy of . zhpmlggedhbearcbaging aiptedeueivnned esei hhatneRatiaguengnt
emtted frogmthe light 20 source, . determ ning an actual oscillation
frequency ‘the . pulsed beamat a tinme of exposing the photosensitive

In the first embodiment, the exposure amount on each

15 point in each shot area on the wafer W may be adjusted by
adjusting the slit width Ws by altering the rectangular
opening formed by the fixed reticle blind 30A and the
movable reticle blind 30B. This structure improves the
degree of freedom in setting the exposure conditions for the

20 wafer W.

In the exposure dose control sequence according to the
first embodiment, when the decision in step 104 becomes
affirmative without changing the setting of the
transmittance of the ND filter 36 of the rough energy

25 adjuster 20, the flow may jump to step 110, skipping steps
106 to 109. This structure shortens the processing time in
the exposure dose control sequence and improves the
throughput.

In the second embodiment, the average value of the

30 numbers of pulses that have been measured simultaneously may
be recorded as single data of the correlation data (Pi, Ei)
at the time of acquiring the correlation between the process
amount P of the integrator sensor 46 and the output ES of

the energy monitor 16c in the excimer laser light source 16.
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substrate based on the neasured energy, and . adjusting the energy of the
pul sed beamenmtted 25 '"fromthe |ight source when the predeterm q
oscillation frequency at a tinme of measuring the energy differs'fggﬂ1mﬁﬁ.mm2
actual oscillation frequency deternmined at the tine of ' exposure; and
,fabricating a device using the photosensitive 30 substrate. 41. A device

manuf act urgingg %ﬂ%m&ﬂ&%é henhStEPSc PLi P of I heVedBPR1at £5ROSI NG @

pattern of a mask on a-photosensi yG ve substrate using the eXfosure met hod
i ncl udi ng t he strepshefthindsmbodinert gyanfacopiil P beamedwl agon

pr edet er m i i Legue ] f e~ 1. ght ce,
determ ni n@?g%ﬁzlg%éuéélaé olga({:}??% alfl onnc?%/fegﬁée%%lje/&(l)f Q%]Be); %E‘?A’é% b%é?né%?f a tinme of
exposi ng tdesphosedehs) tfor exduplat eJdparesdiindwamoasdr Ratemer gy, and
renmgasuri e ener gy, of tl e e em the i source
barsng on t eﬁo]llecfag?lrﬁg%eb] bs%:ihf?éa)t |%n ?e%e%ééeﬁg%ﬁ?%igﬁé%ét%é%%d
oscillati atof regbiecy3at may ibve wiedeasuthagfime ererqy abdljdsterf2b-~a t he
determ ned_osgci| |l ation frequency at the.time of exposure: and fabricating a
devi ce usihg THES pHdToserst 110 s %%bg'?}é’f eFraQFQS.m%%%r\’ﬁ%el?ranuf actured by
exposi ng acpratimiously acimsfedrvy c@optodbiimsi the ancdlkdt bbe dyate of
irradiatin9h an_ener y-agiustg% fulsed beam by using the exposure apparat us
i ncl udi ng: T 2RCRURLAT PR &MY hAt2YBht rol s the pul sed |ight source which
irr@di ates the pul sgch bemitodiméte, stibst sat ]l ldtivor oftepheecy i 0| tigk ng, a

measuring devijce i ch asures energy,.of, a pul sed beam havin

aopr edet or FGUICBSLR PGt 1 BINF r SUETE yL 652 bt T s ot (HeR BT £29 Fhgnt
source, a.gréeqyi Medg Mievise the Chatéd ehegimum abdyi Thanesh efiréuéhey
measuring device. and determ nes ap actual ﬁsci [ l.ation frequenﬁ/wgf

t he
pul sed |1 gFRaZolrEMaY BRESr FAREPWFFATY hEd hifberWiofn pife e25 51 Ll sed
beam 30 whfg8ghéndgt €fisit NELoREEEs Be amb et adt MBI $nHEG Yeeha t & ef o ashks ed

energy and a predetermned illum nation en , and an adj usting device
whieh is e?é%%‘i‘?’éa*??e’éo%h‘é}&e%o‘t”éc?h&d‘g%g%%%iﬁ’@O‘He 1€ dFH"YRj ust s t he

energy 51 gscillation frequency fmax, for instance, the oscillation
frequency that provides the most stable energy state is
selected. It is to be noted however that the oscillation
frequency is set such that the oscillation frequency of the
20 excimer laser light source 16 at the time of scanning
exposure (the oscillation frequency calculated from the
equation (7)) approximately coincides with the oscillation
frequency of the excimer laser light source 16 at the time
of measuring the energy. In consideration of the
25 throughput, therefore, it is preferable that the oscillation
frequency at the time of measuring the energy be the rated
maximum oscillation frequency fmax.
In each embodiment, the scan speed V for the wafer W
and the oscillation frequency of the excimer laser light
30 source 16 may be set to values different from the respective
maximum values. The scanning exposure conditions including
the scan speed V, the oscillation frequency f and the width
Ws of the pulse illuminating light IL are determined such

that the oscillation frequency of the excimer laser light

35



~ 3 fl1 AY 2002 of the pul sed beam when the determ ned OSC|IIa~t|on~frequen;é
differs fromthe predetermned oscillation frequency. 43. (New) An 28pHavrddl?
apparatus which irradi ates a pul sed beamenitted froma |ight source on a
phot osensitive substrate v~.a a mask to expose a pattern of the mask on the
phot osensitive substrate, conpxi.sing: s neasuring device that neasures
enexgy of g,py ée 6b é”tﬂé‘vtﬂﬂeao?rﬁg% fﬂh&etjhé’séhék@#z'ﬁ&ai AH&ERENe
emtted fxomt t source: . eternlnln vtr~ caf |y
connect ed tl@eth@cxil@’asgnu hyedesnsy, ath‘ahed*éxmua necanningt gabosvel | ation
frequency gxfx EQ&P&%EE&Q&% fhe 2 hi O Rﬁu@XPPEéPéJf&PS phot gée.”s' tive
substrate based e ri~easured ener 3 a reneasufing device,
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10 reflection optical elements (at least one of which is a
concave mirror) arranged on the same optical axis, as
disclosed in U.S. Patent No. 5,031,976, No. 5,788,229 and
No. 5,717,518. The present invention can be adapted to, for
example, a proximity type exposure apparatus which does not

15 use a projection optical system.

The present invention may be adapted to the EUV
exposure apparatus which uses EUV rays as exposure
illumination light that are emitted in the form of pulses
from an SOR or a laser plasma light source. The EUV rays

20 has the spectrum of 5 to 15 nm (soft X-ray region). In this
exposure apparatus, the illumination areas on the reflection
mask are defined to be arc slits. Further, as the
reflection mask and wafer are moved synchronously at the
speed ratio according to the magnification of the reduction

25 projection optical system which includes a plurality of
reflection optical elements (mirrors), the pattern of the
reflection mask is transferred to the wafer.

The present invention may be adapted to an exposure
épparatus that uses, as the exposure illumination light,

30 harmonic waves obtained by amplifying the single-wavelength
laser beam of the infrared range or visible range, emitted
from a DFB semiconductor laser or a fiber laser, using an
erbium-doped (or erbium-yttrium-doped) fiber amplifier and

converting the laser beam to the ultraviolet rays using a
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acquired. When the oscillation wavelength is set within a
. range of 1.57 to 1.58 pym, 10x harmonic waves whose
wavelength lies in a range of 157 to 158 nm, i.e.,
ultraviolet rays having about the same wavelength as that of

15 the F, laser, are acquired.

When the oscillation wavelength is set within a range
of 1.03 to 1.12 pm, 7x harmonic waves whose wavelength lies
in a range of 147 to 160 nm are output. When the
oscillation wavelength is set within a range of 1.099 to

20 1.106 pm, particularly, 7x harmonic waves whose wavelength
lies in a range of 157 to 158 pm, i.e., ultraviolet rays
having about the same wavelength as that of the F, laser, are
acquired. As a single-wavelength oscillation laser, an
yttrium-doped fiber laser or the like is used.

25 The exposure apparatus according to each of the above-
described embodiments can be manufactured by assembling the
illumination optical system comprised of a plurality of
optical elements and the projection optical system into the
body of the exposure apparatus and adjusting the optical

30 characteristics, attaching the reticle stage or wafer stage
comprising multiple mechanical parts to the body of the
exposure apparatus and connecting the wires and pipes to the
exposure apparatus, and further performing the general

adjustment (electric adjustment, operational check or the
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0O-9 h#h$h%g§9égéiggéédlgh this design step, a step of forming a wafer
of a silicon material, a step of exposing the pattern of the
reticle on the wafer by the exposure apparatus of any of the

10 above-described embodiments, a step of building up the
device (including a dicing step, bonding step and packaging
step), an inspection step and so forth.

The irradiation control apparatus and irradiation
control method for the excimer laser light source 16
15 according to the present invention may be adapted to a
pulsed light source for a laser beam machine or the like.
The above-described embodiments can cover the following
technical concepts.
(1) The irradiation control method for a pulsed light

20 source described in claim 4, wherein the adjustment of the
energy per pulsed beam attenuates the pulsed beam from the
pulsed light source by guiding the pulsed beam to the light
reducing means.

(2) The irradiation control method for a pulsed light

25 source described in claim 4 or as recited in the previous
paragraph (1), wherein the adjustment of the energy per
pulsed beam adjusts the oscillation output of the pulsed
light source.

With the above-described structure, substantially the

30 same effects as the matter described in claim 3 can be

expected.
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9" 10% (& ()-y! @ 10% irradiation control method for a pulsed light

source which irradiates a pulsed beam on an illunination
subject, comprising the steps of:

5 measuring energy of a pulsed beam having a
predetermined oscillation frequency.emitted from the pulsed
light source;

determining an actual oscillation frequency of the
pulsed light source in accordance with the number of pulses
10 of the pulsed beam which is determined based on a
relationship between the measured energy and a predetermined
illumination energy; and
adjusting the energy of the pulsed beam when the
determined oscillation frequency differs from the
15 predetermined oscillation frequency.

2. The irradiation control method aécording to claim
1, wherein the oscillation frequency determining step
includes determining the actual oscillation frequency while
maintaining at least one of a moving speed of the
20 illumination subject and the predetermined oscillation
frequency at a maximum value when the pulsed beam is being
irradiated and the illumination subject is being moved.

3. The irradiation control method according to claim
1, wherein the energf adjusting step includes controlling
25 the pulsed light source to emit the pulsed beam having the
determined oscillation frequency. -

4. The irradiation control method according to claim

1, wherein the energy adjusting step includes ;educing
illuminating energy per pulsed beam.
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a measuring device which measures energy of a pulsed
5 beam having a predetermined oscillation frequency emitted
from the pulsed light source;
- a determining device which is electrically connected to
. the measuring device and determines an oscillation frequency
of the pulsed light source in accordance with the number of
10 pulses of the pulsed beam which is determined based on a
relationship between the measured energy and predetermined
illumination energy; and
an adjusting device which is electrically connected to
the determining device and adjusts the energy of the pulsed
15 beam when the determined oscillation frequency differs from

the predetermined oscillation frequency.

6. The irradiation control apparatus according to
claim 5, wherein the determining device determines the
oscillation frequency while maintaining at least one of a

20 moving speed of the illumination subject and the
predetermined oscillation frequency at a maximum value when
the pulsed beam is being jrradiated and the illumination

subject is being moved.

7. The irradiation control apparatus according to
25 claim 5, wherein the adjusting device controls the pulsed
-light source to emit a pulsed beam having the determined

oscillation frequency.
8. The irradiation control apparatus according to

claim 5, wherein the adjusting device reduces illuminating
30 energy per pulsed beam.
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pulsed beam having a predetermined oscillation frequency
emitted from the pulsed light source, -

a determining device which is electrically
connected to the measuring device and determines an actual
oscillation frequency of the pulsed light source in
accordance with the number of pulses of the pulsed beam
which is determined based on a relationship between the
measured energy and a predetermined illumination energy, and

an adjusting device which is electribally
connected to the determining device and adjusts the energy
of the pulsed beam when the determined oscillation frequency
differs from the predetermined oscillation frequency. °

10. The exposure apbaratus according to claim 9,
wherein the determining device determines the oscillation
frequency while maintaining at least one of a moving speed
of the substrate and the predetermined oscillation frequency
at a maximum value when the pulsed beam is being irradiated
and the substrate is being moved.

" 11. The exposure apparatus according to claim 9,
wherein the adjusting device controls the pulsed light
source to emit a pﬁlsed beam having the determined

oscillation frequency.

12. The exposure apparatus according to claim 9,
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emitted from a light source on a photosensitive substrate
10 via a mask to expose a pattern of the mask on the
photosensitive substrate, comprising the steps of:
measuring energy of a pulsed beam having a
predetermined oscillation frequency emitted from the light
source; )

15 determining an actual oscillation frequency of the
pulsed beam at a time of exposing the photosensitive
substrate based on the measured energy; and

adjusting the energy of the pulsed beam emitted from
the light source when the predetermined oscillation '
20 frequency at a time of measuring the energy differs from the
actual oscillation frequency determined at the time of
exposure. '

15. The exposure method according to claim 14, wherein
the energy adjusting step includes remeasuring the energy of
25 the pulsed beam emitted from the light source using the
determined actual oscillation frequency.

16. The exposure method according to claim 15, further
comprising the step of performing scanning exposure on the
photosensitive substrate with the pulsed beam via the mask

30 whilg moving the mask and the photosensitive substrate
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the energy remeasuring step is carried out prior to the
10 scanhing exposure step.

18. The exposure method according to claim 17, wherein
the energy adjusting step includes the steps of:
determining the number of pulsed beams to be irradiated
on individual points in the défined areas on the
15 photosensitive substrate based on the measured energy and a°
sensitivity characteristic of the photosensitive substrate;
énd. .
determining scanning exposure conditions for the
photosensitive substrate including an oscillation frequency
20 of the light source based'on the determined number of pulsed
beams.

19. The exposure method according to claim 18, wherein
the scanning exposure conditions include the oscillation
frequency of theé light source, a moving.speed of the

25 photosensitive substrate and a width of the pulsed beam
rélating to a moving direction of the photosensitive
substrate.

20. The exposure method according to claim 16, wherein
the remeasuring the energy step is not performed when the
30 determined oscillation frequency is within a predetermined
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measuring energy of a pulsed beam having a
predetermined oscillation frequency emitted from the light
10 source;
determining an actual oscillation frequency of the
pulsed beam at a time of exposing the photosensitive
substrate based on the measured energy; and
remeasuring the energy of the pulsed beam emitted from
15 the light source based on the determined oscillation
frequency when the predetermined oscillation freéuency at a
time of measuring the energy differs froﬁ the determined
oscillation frequency at the time of exposure.

22, _The”exposure mefhod according to claim 21, further
20 comprising the step of performing scanning exposure on the
photosensitive substrate with the pulsed beam via the mask
while moving the mask and the photosensitive substrate
relative to each other.

23. The exposure method according to claim 22, -wherein
25 the photosensitive substrate has a plurality of areas
defined thereon;
the scanning exposure step includes sequentially
transferring the mask pattern onto the plurality of defined
areas on the photosensitive substrate in accordance with a

30 step and scan system; and
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the remeasuring the energy step is not performed when the

5 - determined oscillation frequency is within a predetermined
range, and in the scanning exposure step, the pulsed beam
having the determined oscillation frequency is emitted from
the light source. '

25. The exposure method according to claim 23, wherein
0 the energy adjusting step includes the steps of:
determining the number of pulsed beams to be irradiated
on individual points in the defined areas on the
photosensitive substrate based on the measured energy and a
sensitivity characteristic of. the photosensitive substrate;
15 and '
determining scaﬁning exposure conditions for the
photosensitive substrate including an oscillation frequency
of the light source based on the determined number of pulsed
beams.

20 _ 26. The exposure method according to claim 25, wherein
the scanning exposure -conditions include the oscillation.
frequency of the light source, a moving speed of the
photosensitive substrate and a width of the pulsed beam
relating to.a moving direction of the photosensitive

- 25 substrate. '

27. The exposure method according to claim 21, wherein
the energy remeasuring step includes the step of
redetefmining the oscillation frequency of the light source
based on the remeasured energy when the determined

30 oscillation frequency is lower than the predetermined
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29. The exposure method according to clalm 22, wherein
the oscillation frequency of the light source is determined
to approximately maximize the moving speed of the
10 photosensitive substrate in the scanning exposure.

30. The exposure method according to claim 21, wherein
the predetermined oscillation frequency at a time of
measuring the energy is a rated maximum frequency.

.31. The exposure method according to claim 21, wherein
15 the oécillation frequency determining step includes
determining the actual oscillation frequency in accordance
with a change in at least one of a sensitivity '
characteristic of the phdtosensitive substrate and the
energy of the pulsed beam irradiated on the photbsensitive
. 20 substrate. '

32. The exposure method according to claim 31, wherein
the energy of the pulsed beam changes as a result of a time-
dependent change in at least one of a transmittance of an
illumination optical system which irradiates the pulsed beam

25 emitted from the light source onto the mask, a transmittance
of a projection optical system which projects a pulsed beam
emerging from the mask onto the photosensitive substrate and

an oscillation output of the light source.

47



. 100&°()- 6109 ()-s 3310%& ()-!.10%& ()- ,
JYO0ONL12}[9] @' !!$ s&L0YDXDx& ()-Y! a0s&L0%& ()- YYf 10% h& ()-z! A 3a¥dy 2002
& ()-f 10%

h& ()-11 SH109Mh& () - y2u222R3344{Y7j @' !! K&SMYA0%hkh& ()-g!  %40%h& ()--!"
94.09AAL () - -

%&
2 )1 Dyeer 1000g ( FIsaSRRaEtEk mether RERPRRRG.F7) TR oaprein
h& () -1/ 18%en&at) lesski@0e: PE é)sha(&s*mmwm(a) seqovary light

& ()-666836:000 0l | LFAASIROREZn (11| ERSHALIA A6t {da1 SGAY & () - &10%

\ &

h& 8 p77¥h8800AxGelti BELEPBheApeRHE(pead LOa0oEhe\ Bight | SOWEOBILA & () -! K
994.0% 8_8

fi TO% & (S%hQ Besfoos 18ohpnged 7. 25E0TIRRTS pEH RS MR g np 09 &
()- y'Y9(an@%ﬂBmh&l@ﬁay&QfﬁQMEEﬁ¢y detétdRing -sttep includes

;;;;;;2<~ "'P'f@&oo K& o111 : 5 10\ 10\ 10\s .
100 & ()- BYerpinsny £h8, 26tunta st ilation Bledidncy \SF the light
=>>7 X6-soudicel Yins hEE6¥AERCE) withstBa0eRRgyd ) - - | Psp$10%=& ()-\! sp$109B5&
()-\1 KESp$S10988& ()-\ f1096& ()-> ?_7 @ @RAZX6~ =0! ! 1 27
10965& ()-! K/ "1 10985858 ()-f!L-$109658 ()- 4! TSP OYAKAKE' () - |
$?109%& ()-'c’ $M$10%Be&ekbosﬁ@épméﬁﬁbAU$ééﬁfdiﬂd'ﬁﬁ d&24n (93, wherein

10%@ 0)- 3%%P%&E%héte%min%850501flation frequency at a time of

measuring the energy is a rated maximum frequency.

35. The exposure method according to claim 21, wherein
the actual oscillation frequency determining step includes
‘determining the actual oscillation frequency in accordance

15 with a change in at least one of a sensitivity
. characterisfic'of the photosensitive substrate and the
energy of the pulsed beam irradiated on the photosensitive
substrate.

36. The '‘exposure method according to claim 35, wherein
20 the energy of the pulsed beam changes as a result of a time-
v dependent change in at least one of a transmittance of an

illumination optical system which irradiates the pulsed beam

emitted from the light source onto the mask, a transmittance

of a projection optical system which projects a pulsed beam
25 emerging from the mask onto the photosensitive substrate and

’ an oscillation output of the light source.

37. The exposure méthod according to claim 21,.wherein
when at least one of a shape and size of a secondary light
source, which is formed by an illumination optical system

30 which irradiates the pulsed beam from the light source onto
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irradiates a pulsed beam on an illumination subject,
comprising the steps of:

ﬁroviding a measuring device which measures energy of a
10 = pulsed beam having a predetefmined oscillation frequency
emitted from the pulsed light source;
providing a determining device which is electrically
connected to the measuring device and determines an actual
oscillation frequency of the pulsed light source in
15 accordance with the number of pulses of the pulsed beam
which is determined based on a relationship between the
measured energy and a predetermined illumination energy; and
broviding an adjusting device which is electrically
connected to the determining device and adjusts the energy
20 of the puléed beam when the determined actual oscillatipﬁ
frequency differs from thé predetermined oscillation
frequency.

39. A method of manufacturing an exposure apparatus
which irradiates a pulsed beam from a pulsed ligﬁt source on
25 a photosensitive substrate via a mask to expose a péttern of
the mask on the photosensitive.substrate, the method
compxlslng the steps of:
providing an apparatus that controls the pulsed light
source which irradiates the pulsed beam on the substrate;
30 the apparatus including a measuring device which measures
energy of a pulsed beam having a predetermined oscillation
frequency emitted from the pulsed light source, a
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10 predetermined oscillation frequency; and

providing a scanning exposure mechanism which moves the
- mask and the photosensitive substrate in synchronism with
each other.

40. A device manufacturing method comprising the steps
15 of : ' . ‘
. exposing a pattern of a mask on a photosensitive
substrate using the exposure method including the‘steps of:
' measuring enerdy of .a pulsed beam having a
predetermined oscillation frequency emitted from the'light
20 source, '
determining an éctual oscillation frequency of the
pulsed beam at a time of exposing the photosensitive
substrate based on the measured energy, and
adjusting the energy of the pulsed beam emitted
25 "from the light source when the predetermined oscillation
frequency at a time of measuring the energy differs from the .
actual oscillation frequency determined at the time of
exposure; and '
fabricating a device using the photosensitive
30 substrate.

41. A device manufacturing method comprising the steps
of:
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pulsed beam at a time of exposing the photosensitive

substrate based on the measured energy, and
remeasuring the energy of the pulsed beam emltted
10 from the llght source based on the determined osc1llat10n
frequency when the predetermined oscillation frequency at a
time of measuring the energy differs from the determined
oscillation frequency at the time of exposure; and
fabr;cating e device using the photosensitive
15 substrate.

42. A device manufactured by exposing a pattern of a
mask onto a photosensitive substrate by irradiating:an
energy—-adjusted pulsed beam by using the exposure apparatus
including: . '

20 a controller that controls the pulsed light source
which irradiates the pulsed beam on the substrate, the
controller including,

a measuring device which measures energy of a
pulsed beam having a predetermined oscillation frequency

25 emitted from the pulsed light source,

a.determining device which is electrically
connected to the measuring device.and determines an actual
' oscillétion.frequency of the pulsed light source in
accordance yith the number of pulses of the pulsed beam

30 which is determined based on a relationship between the
measured energy and a predetermined illumination energy, and

an adjusting device which is electrically

connected to the determining device and adjusts the energy
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‘'of the pulsed beam when the determined oscillation-frequency

differs from the predetermined oscillation frequency.

43. (New) An exposure apparatus which irradiates a
pulsed beam emitted from a light source on a photosensitive
substrate via a mask to expose a pattern of the mask on the
photosensitive substrate, comprising:

a4 measuring device that measures enexrgy of a pulsed beam
having a predetermined oscillation frequency emitted from the
light source: )

a determining device, electrically connected to the
neasuring device, that determines an actual oscillation
frequency of the pulsed beam at a time of exposing the
photosensitive substrate based on the measured energy; and

a remeasuring device, electrically connected to-the
determining device, that remeasures the energy of the pulsed
beam emitted from the light source based on the determined
osclllation frequency when the predetermined oscillation
frequency at a time of measuring the energy differs from the
determined oscillation frequency at the time of exposure.
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