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Zoa2 DESCRI PTI ON EXPOSURE METHOD AND DEVI CE nawr A, 0~ Nn~~~~~ r~ *ﬁig'c 2
invention relates to an exposure nethod and an exposure apparatus used to '™
‘transfer a mask pattern onto a substrate in a |lithography process to
manuf act ure m crodevi ces, such as sem conductor el enents-, inmge-capture

el enments (CCDs and simlar), quLH(Bégqgiéﬁldussplay el enments, and thin film
magneti c heads, and in particular a metho

_ t at anﬁ an apt)ar ?t us S?LWMMM/[II///[I
use in an exposure apparatus conprising a mechanismto focus

pl ane of a projection optical systemon the substrate surface by andg
automati c focusi ng net hod. ci Ll I t hi.s-j-pvention concer H%@an
exposur e apparat us conprisiHgﬁgsﬁgghg%#gﬁbtéNBoEF§8FEthe t enper at ur e of
prescri bed menbers. BACKGROUND ART Wth the advanced i ntegr atlwymlm”///’m
sem conductor devices in recent years, steppers and other proj wmw
exposure apparatuses are require j.e |;ages of circuit patt@sms
with fine line widths, with hi gh%@moﬁlwo a wafer (or glass plate
or simlar) covered with resist as the 1 t - . ~~DC ~ ~0~ substrate
in each shot area. To this end, the nunerical aperture of the projection
optical system nust be increased, .and the exposure wavel ength st be
shortened; howev&P1St fiPEENLigQR-ERAZHEE(LBy 2R EXRAEALS Pﬁﬁgge PBRuBli on of
the focal depth of the projection optical stem Thus the need arises to
norease (PEDTUERI HRPHATSGEE! EREARBEEE |2 BothoP AL RER HORFS

conpri sed %ﬁbggﬁrqéeption exposure a%g$ratus, in order to gerfornlexposure
in which t € siR 1Ak FROGEIRPAIRICETF us? SRR EFT Y Re range of the
'-- reduced, focal depth, with respect tg the i ge Elane,of the projection
optical syRISFRIERECHRstSYOR RS PR T M %ﬁt?ﬁégﬁlﬁ? e MAAGECIHPLLRR mask

or reticle fattern). . . . .
elements ' (CCDs and similar), liquid crystal display

S

elements, and thin film magnetic heads, and in particular a
method and an apparatus suitable for use in an exposure
apparatus comprising a mechanism to focus the image plane of
a projection optical system on the substrate surface by an
automatic focusing method. More specifically, this
invention concerns an exposure apparatus comprising a

mechanism to control the temperature of prescribed members.

BACKGROUND ART

With the advanced integration of semiconductor devices
in recent years, steppers and other projection exposure
apparatuses are required to project images of circuit
patterns with fine line widths, with high resolution, onto a

wafer (or glass plate or similar) covered with resist as the



This automatic focusing mechani sm conprises an auto focus *s"ensc_)‘r*‘-q ?h@gga&%r
"AF sensor") which detects the focus position on the wafer surface (the
position in the optical axis direction of the projection optical system,
‘and a stage system which controls the height of the wafer or reticle based
on the measurenment results of this AF sensor. ' As this AF sensor,
conventionally an_ obl ique-.inci dence AF se squ n which a slit imge

IS used |

or simlar jec i y b the's c br t T9W t hout

SRS S AL T 1 TR YR bR b 1 O SRR e or LR P BHCS
passi ng through the prgjection optical St and light reflected from
Dhi's surf RETOI SRS Preiact bof coptidali srten st s dnrEcased,
Japanese Patent. Application Laid-open No.6283403. Wile this .
obl § que- i rAcHhe R eSS vatelREEE ABAT e DROENERFT N ARSEEF enthiS of
fluctuations in the 2, 3 D E C 2002 focus osi%ion,of t he surface_ for
det ecti on %%éFW?W%@(é&u? tenqency chaverd i Hrdughn Rt Haestefrbugh the
projection_optical system ,so that if for exanple the position of the imge
pl ane of t$RPHR fecthiorPbpifehioryprirst u%Y%gg%s du%h‘g% the pest of
irradiation of the i|llum nation Ii%ht (exposure light) used in exposure, it
is diffi cldELIIE dF? ebRFYRPARSsHRe FACUSHRG ROFRE LY oREisthg BRTPMRL 4G face
for detection. |n order to neasure, the defocusing amunt of the .. surface
for detectfRFUHHR% TRSPRBEISR CORRL 1EeHaPY | AaBEC HEGHECR SXPRSPFS| ect i on
optical system a TTR (through-thereticle) AF sensor has been proposed
whi ch proj RRRIT TS helhaPEFCSt BYPERECTRuGEPRFUEE nilt KWhHCR hEhe YR ERE

t hrough the projection optical system and neasures the position of the

i mge pl an'bEaeR HH AFRUEIReIRsrdprstedswithyR, the HrREEoEJERSr exanpl e
in Japanese Patent Application Laidopen No. 9-28342]1. This_ TTR type AF
sensor hasrédecedivipcaledeptinablthgrarpect heatheeipageoplane PhutBepl ane
of the projection optical system but in order to performthis _neasurenent,
exposur e oPTeiRChi®Rroptistabesystenr (phedbeshdiePsus heopfti@nsef tBeyused too
frequently, the throughput of the exposure process is |owered. Hence as one
exanpl e of PECIeMLRGMt 1BREE PEt Bod MAsSKTRE t Fpeiale skRakBRrRhd an

obl i que-inci dence AF sensor are conbined; the qgbliqueincidence AF sensor is
used for focusi n§hd&r AHEORILAR feLPEINPgeMESHANLER FPRPLYSESARNSEHAO | s
used to neasure the 3 13 D E C 2002 position of the actual image plane
for each |§ecupngenseyeftherarftany Abneenachay), Whichi daterhe| hhef feguency;
based on the nmeasurenent results, the val ues neasured by the )

obl i quei ncPeRheCPMPR chRBr WAL Rr cBRFhRGEelithe Position 1in the optical

axis direction of the projection optical system), and a
stage system which controls the height of the wafer or
reticle based on the measurement results of this AF sensor.
As this AF sensor, conventionally an oblique-incidence AF
sensor is used in which a slit image or similar is projected
obliquely onto the surface for detection, without passing
through the projection optical system, and light reflected
from this surface for detection is detected, as disclosed
for example in Japanese Patent Application Laid-open No.6-
283403. WwWhile this oblique-incidence AF sensor has the

advantage of enabling measurement of fluctuations in the



I'n a conventional exposure nethod |ike that described above, b)qniedgé)rﬂﬁng
calibration of the oblique-incidence AF sensor ‘at prescribed ti 2002
intervals, for exanple, the focusing accuracy can be naintained within a
‘prescribed tol erance without greatly |owering throughput. However, --
because an oblique-incidence AF sensor is po-sitioned on one side of the

projection.optical,.system i e.viglinit f e r e .11 lum nation
heat .of tHh ocg&épcgouﬁle lrltbmf (T%l{ijés]essly’lfifléeg% e%%%r%%@u?%%&t%veét\(ma TS gradual | y
rise, the tenperature of menbers, c rysed by the obligue-inci dence AF
sensor al SOHIEESS/ a{lh%asg‘%%l%n%ft er}&fl n(é) %‘éfj rf%é %%%u‘flb ‘f%lhr]%%%osi tion may
occur. Further, slight irregular, shifts i.n posjition of prescribed optical
menber s ccﬁﬁ)(ﬂ%ce%l%[g Wt sse%sst()?m’rra@() c%’h%‘g +#r %ﬁjl%ffa@f? ttfl?'l% of neasured
val ues. .,_Sugch. dri(;}nqt nounts_ are m nutf' but_if.the. exposure wavel ength is

made stil IPEHori Fel AT PHRART 10T stHG  RFRICHet PR R TH 1l e to
the still hjgher integratjon |levels of future, sem conductor devices, drift
in the valﬂégcqﬁb%fs?ﬁ e‘g“%yt‘? heheoieduelf nl:}r”’a%‘ﬁ"c%tﬁn s%ﬂs%qe may cause the
waf er surfalce to deviate, outside the r e of the focal depth for the inmge
plane. 4 1llupinagion dighs (eXROFRATE  HIFRELHSehel HrEXROTH Sal Hesls
nmeasur ed by, such an AF sensor, the above-descri bed ]TTQ%g e AF sensor may
be used t APt 1R FCLLY iBFATHER FROrCRAngR 0 & Y$HRI 1%k waf er
is changed); but if exposure is jnterrupted and the TTR type AF sensor is
used with B e r&hﬁeﬁ%‘iﬁcﬂ'@?e is the problemthat throughput is
greatly reduced. _In order to transfer, at a Erescribed magni fi cation and
with high fidelify, ORdPE: £ BERSHFEr hhpofefiesusing ARSRNENPE HhGafer (or
gl ass plate or siml arc)l covered wjth resist as a substrate, conventionally
the princi L3RR tOHAeHCEIQR WD bRt tistar Eh e odckip bniBage R kinPe
chamber; dust renmoval fromwithjn this chanmber is Perforned ext ensi vel y,
and air regul RePERISCHERR | QPLHTRT aFYSt@Ppet af TR el FRIQUFTERE I n recent
years, high-precision tenperature control not only of the reticle and

waf er, butT¥¥LGER) AE $HRFREI hag PesR PRORPECLXPoLeR PEPHEFEE LN HERE been
sought in order to accommodate the ever-finer details jin sem conduct or

el enent s MRERF nfrage the olfrge 1f | ApPave Phethesbrbichh BrrapghxbRRure
apparatus, the wavelength of the illumnnation |light used,ip exposure
(exposur e PTYHGEIRR PREeHhFYSHIN, 209 JRFRFRFES | o2 tPRSEIPReCHI thRr cury
| anps (wavel engt h, 365 nrg to KrF exciner |aser Iiggt%vvavel ength 248 nn,
and then tH9¢ RIReEPaFed PN | FRACONELRF bRt nth 9ehefRafter the use

of FZ | aser,|ight wavelength 157 n and simlar is 5 . . nb5 .. ~ ..,
Pphe-1n Japanese Patent Application Laid-

r~f . .. disclosed forpexan
open No. 9-283421. This TTR type AF sensor has the
advantage of enabling direct measurement of the image plane
of the projection optical system; but in order to perform
this measurement, exposure of the wafer must be interrupted,
and if the AF sensor is used too frequently, the throughput
of the exposure process is lowered. Hence as one example
of a conventional method, a TTR type AF sensor and an
oblique-incidence AF sensor are combined; the oblique-

incidence AF sensor is used for focusing during normal

exposure, and the TTR type AF sensor is used to measure the



al so being studied. Wen the exposure wavel ength is_thus short ¢re@f [t D802
transm ssivity in ordinary air of the illumnation light for exposure
(exposure light) declines, and so recent an exposure apparatus conprises a
‘gas supply nechanismto supply a gas having conparatively good

transm ssivity for the exposure light in part of the optical path of the

i Ei h i
suppl y medreet shgh (b (Ehe RIEuED SHBOE B R REPRLE, B IBE, ot RIS Seur e
| i ght sourﬁgigggggncgﬁggrgtagggaﬁﬁggﬁ%ﬁﬁéi%ffg%a§£%€§e§a¥gg@agg S t hr ough

the light TransmsSion unit ic St em and

Lhr ough e, ORALERl - BRI COLLEPLLONCHE £ 202 ROLel3cd GLIERE o UG

exposur e posur e f rrnci den e expostr e nmain
passes thrpough.the i]lumnation sy m 2 % nd illumnates the reticle 259,
and a proj%%?%&ﬁ?%%. %p%EQ%%rt%¥%u%%ffﬂﬁg ?@fection optical system 264 and

is projected ontgo the wafer,h262. .The wafer 262, el d he waf e t age
a1 ond the wai 0P 8 sHBVEREI80aL, bPERUTE REENFD dSkH,RBakiSetRrihed n
waf er base 260; the projpection optigcal, syste 4 is. supported.by th
Coppor - eRlEYe ey BeLECERLTA SBLLERRLIR OF ERRORLTEPERAAE RN IR ¢ e
reticle 259 i s nmounted on retjcle stage POt hown, on,a reﬁicle base 258
fixed in pPeRECHAT HRIEBFEIRCIsyIng IRpAEr e Re bar SKBTELSnoFPeng the 6 .
.o-al3y' .~ . ..~ ~ 3V ~~7z00s illumnatign system 253 is fjxed in place
on the ret TOFESHREACERTIFY TAB bBIBRAPEENeR IR ? oBEBREFPeRhe ovor al
tenperature of the exposure apparatus at close to the targel tenperature,
TP eont 1 oFe Larapce SPERT LaRBRE Rk cPater ng s EnrauiEyt a O BakEVER: ¢ 66
fror overal]l air conditL ning within the.chanber into the part 269, encl osed
by t he dotP@EAFRe2Ang @bﬂ? TiPRLdeRES UPhePePEPE LF PﬂﬁlEEBPﬁet?BnOBﬁtical
system 264 and t?e eticle 259. At this_tine far-ulﬁravio[et | i Et uch as
KUF oxci nefif8sef FREHPTPRESEIOnGPRtEA8L (FYSEEMSLR BNEnKAF LALEY edEt FBR wi th

rescribed dust ip_the air.to.generate teri whi ch makes.| enses cl oud;
Pcanse s nratatist LrstRe k1R Ae DR Rtk Bhe| CxpasHES, LLBRE SAUSSENG

parts of the optical path iE m@ich iIIuninatign .f hi gh be filled either
with dry afRep %@Bﬂr?ﬁFBﬁgﬂ atRRcWRLSF F?IQE?,uBh i 587 r YPfom whi ch ozone
has been renopved. Light in the vacuumultr violgt rﬁ ?e such aa ArF exci ner
laser |1 ghtoPRELAFERE: AE BEMARFS SPRPFIREdaPY W8 BRYEALCEEBELIPACERRE.
has hi gh absorbance by oxygen, and sq i i,S.necessar hat the pr.inci pal
Darte of (RENBOE| ALPOLELAChe. andopratuad: ATiPELBachE SERe mearRERd i n ahi ch
t he oxygen_content has been reduced. In the exposure apparatus of Fig. 24,
o PheEscRlioht obFPORLAFaERLEFN n

when for ek@fPFePAFELLRR HRY PGSRF-|i ghbr tFgdtaba

th t 268 | d by the dot | i f t bl it 251 th
T ui nat | O BYSERPRsSY| BEGRFEURoH PREFFeLoBBRBES FPORFLABGRY Ehfpl y
2

nEChan'Sn]§E7sezsor1m§ytégug2299regular drifting of measured values.

Such drift amounts are minute; but if the exposure
wavelength is made still shorter and the focal depth is
further decreased in response to the still higher
integration levels of future semiconductor devices, drift in
the values measured by the oblique-incidence AF sensor may
cause the wafer surface to deviate outside the range of the

focal depth for the image plane.



In the part 254 in particular, enclosed by the dotted |line and contai ni'ng

the |ower part of the projection optical system 264 and the wef2r0EE $§62

261, highly accurate position neasurenments nust be perfornmed using a |aser

interferoneter. In order to reduce fluctuations in the nmeasurenent beamin

the optical path, air controlled at a prescribed tenperature is supplied by

the bl ower unit 5 _of rtyial. ai r,condi.td onin chani sm escri bed
%ﬁ o?degéQ% 1'esed the W@ffﬁ ﬁ Ya SGFcmess r?ﬁng

above, in conventional Vi Cés the exposure ght Xining t he
i I l Lgh i t tely f th
o ¢ 205h obfchECBERES Lo Re: SPaPURRSRERIREALTER ke bR HRTOF b R,
24, th b 260 | udi the_illum i t
253) 1 1 nies becROKE LOTRERLBEm BERaRenr SRLIRFRER D "Cepr SHamaler ST
ti i tLeni he. i L f f

v braci onceach Rl RS MErthe 8o BBRNEE T TWBRE HE BXBYSHFE BA n uni t and

| i 25 ted ind d ly, ti
ot be. medBPERORFRR, 858 EhReTEHT FERPTAE SSRPOF oS cxpBR rt Rl GHE R cavsed by
vibratipns of tge exgosurethight.soghce 25 lor oéher factors. Hence in the
convent i ondF9RebF GAUGRCEy gEhohe (R thE: PEQPLEYsthAT| threpghBREdiBef ore t he
illumnation sgiten1$§§F$ontaining an attenuator unit or simlar to

attenuate $h&? %ogﬁ ght, and the optical axis correction unit 252 is
used to correct for shifts in the optical .axis between

nﬁ ~ 30~ % zoo% p )

the light transnitQsPEHeIntL 388N558Trhati B BYeSSEibRds FaOBATASatipBnever
if the optical systemijs_s rated before the illumnpation system 253 in
this way, ﬂ?&?%bﬁﬁ Béghorlégﬁégxth%rrﬁﬁ%°%§s??§t?ﬁ%k§°Fr%ﬂ?tﬁ% ponashr y
het-ween thistillun%gati?n S iten12i3 and the optical axis _correction unit
252, so th3P-?hd YAbGht (SF é S8 UBPRFEAOF r BARLART §aSORBERR yWhER hERS 58T 267
is increased, and there is the 8rob|en1that the operating costs of the
exposure appatafiRShratencrenggpticnally thespripethakePahts @hstheaks
readily, air_or other gases fromoutside may becone interm xed within the
i |1 umi nat i TP RBRAT AU aRE RORARd pBliNdaPYX-ER2PR EhamReE | afuFt sSi Vi ty
of the exposure gight na¥ ﬁe reduced, The air blown fromthe blower unit
266 for oveTEYY2hi FrYBntftbRi RS nEbaer phf t PobtoERed 08X hgns heet¥ti cl e
259 is obstructed b% tge i l.I'um nation systen1sagport menber 255, reticle
base 258, D)2t i bRIGhEFedl a6yR 1 RARELYporRs hanbetedBratiget B2 col urms
256, 257 Iinkef.tg these, so that the "' environs of the reticle 259 and
t he upper %%P? B9t he proj ection optical system 264 may not be adequately

aircondi tioned. Ln gartiiular mhsn hhere Ls,inadeﬂuate airconditioning in
the environs of LHefPSEPE| $€356, AighrBreCisiPBbERREGAEUTESESNERA Lt he
reticle eXﬁans caniﬂﬁ a %{ob emin which a nmagnification error occurs in
the patterPOY rdMLY 2F QT ot tHke vaRerwater, bat 0 yapious wtigrtty, in

t he Iomerfgart of the%groéection opti cal s%sten1264 are install ed_nenbers
of conpl exX°EHEPEE thcHQSXPP MR tPRRTREIE hag Been-$orglt sbhserder
(hereafter,_"AF sensoclis"% V\{f_;li ch genegrate heat,_ albeit in very small anounts;
and in addf?i 3FCOMRRITES et NG 1 GHEL 2B NCHNPTTRLLS ol i $SNEGORIEGEOT ¢ | | ¢

nmechani sm fnd ot her eat-gfnerating nepbers. Further, the two-dimensional
position of TR VR P FURELB1 | sTRPFHFEOER | YMRERKS r e W sO i gkCRccur acy
by a Iasen%énterferoneter, not shown, Cbnsequeq%ég, if ~--~ supplying

t enper at ur®- a4} IRPET IPRAT T at1E ngreeheR @hi theebl R e0RE 18Rt | et )
as i n convent.i.onal ggyices, fluctuations occur. in the air due to

t enper at urer Y SREDr IR | SXPREES r { FPOFUT Rl 1ok} Bas (been pRopFenedti on
opti cal syﬁ%en1264 angd in the,Ufggr part of the wafer 262, so that errors
occur in tHeEChREHENEHY Vhe ubal bre 0 f JRPEFRT ¥ chaBps GWaveleRghB o385 and
errors may al so occur in the position of the wafer stage 261 neasured by
the laser Tt er? Hohe?ETimeRlaser ol gty (wayelergh 5248 fnmit uand okBeRhe
preci sion of control_ of the wafer tenperature nmay be reduced, and expansi on
or cont ract dHofeXhHENGT 7S eyl EARE o WRGRT $REER | bR3 el bt shexeafiser

transferred imge. In order to reduce such tenperature irregularities, an
the use of F, laser light (wavelength 157 nm) and similar is



exposure apparatus has been proposed in which a parti‘éﬁ‘f" ai r(:ondi i BECnEUﬂZ T
mechanismis nounted to performpartial air conditioning for alignment™ .
sensors and AF sensors; but in this case, the tenperature differences

between the plurality 10 ~~ ~~1 %-. 13 D E C 2002 of parti al

air-condi tioning nmechani sns may cause further errors. In recent projection

chortar e M EEE odbel WIGF BHE B ARSI e BIEET SUr
to accur atseﬂé/r %J,Oltﬁ«%‘e%%ﬂ@ﬂsaé%{gt)} 214 ihc%s%,irg%{%gi%;o% h@hgxposed ar ea

on the wafer.” Tn Vview o ese pol hi's"invention is

(o o SNPRS00 2

def ocusi ng ‘anounts on t ace a su osure 'w f espect

Lo e Ay NSl B LA, oBll £ale Y LA VEY SYApR ipRIUTe)
i A (ORI T
e (e NS Tl T B b iy Festr g
met hod whi%ﬁ#hvﬁéﬂﬁh)r+%99ﬁ?ﬁf re while focusi ng by an auto-focus

met hod usi ng an inqE -iHcidence t ype focus gos'tion detection system ( AF
sensor) whi ch de?égts ?hﬁ ?8§u§np8§¥$§BHeOPPB §B#P§CSOPBFlEéPQCFP§E fi t hout
i Tt aoUFR | FRRRRE CPee ok b B s WES 7Ba, SefbRRE Plgferrecting the

S

emitted from the exposure light source 250 incorporating an
excimer laser light source passes through the light
transmission unit 268 including a relay optical system and
through the optical path correction unit 252, and is
incident on the exposure main unit. Exposure light
incident on the exposure main unit passes through the
illumination system 253 and illuminates the reticle 259, and
a projected image passes through the projection optical
system 264 and is projected onto the wafer 262. The wafer
262 is held on the wafer stage 261, and the wafer stage 261
is mounted in freely movable fashion on the wafer base 260;
the projection optical system 264 is supported by the
support member 263 of a column 257 embedded in the wafer
base 260, and the reticle 259 is mounted on a reticle stage,
not shown, on a reticle base 258 fixed in place on the

column 257. A support member 255 supporting the



,'rF:.e a .~ 3 UEC 200Z the focus position‘detection syéféﬁﬁffselia AN )
greatly |lowering throughput. A fourth object of  this invention is to
provide an exposure method which can separate mdway the optical system
fromthe exposure light source to the exposure main unit, and in addition
can inprove the overall airtightness of the optical path of the exposure
beam (expo i i opthC LLLh_oblggt LhLS

i nvention ?%ﬁ?%#?#%%%%eg%%géﬁpg%%rgén%%%%gn%ﬁfg%b%%noﬁn%ﬁgvggﬁﬁéfé
airtightn f e tical o he exposure beamin the optical system
fromthe 3%%%§u%%@|Ygﬁtt§%u?§gﬁ£% %gé'exposure main unit, and in addition
can accurately contraol, the mask.te ature.  A.sixth object of i S
invention is to E 09F88Ia§°e§88§69 hSHe%ﬁﬂ&hFeWRgﬁa ?Fﬁgognkﬁe
interferoneter to neasure, t { tion_of e, subs can, control

he pos h rate stage

Wi th high SHRRPETS BRRAL T ENBer bt CLE BT CBOENC L Fet S5t i ESRPRLAROEE:  Rbt
interf t t b ; f th bstrate.f . A
Sovent b onrentraEiea S R mreakiPed, fompatatits L8 Breth LR BESHRT ch can

t | i t h, hi i Si t { f th b te f
Coon hen Wait P8e PEGE Sy Sal 15 1 ETRSAGLELGn Sha e BER: EhErTRiRhet, o ance.
A furth bj t. of thij i ti i t i.d t
Capabl o of RS the et 268 Saniard hE: PhSeoctead, BXRSTERS ahbinat Ui ng
such exposure ar at 13 D E C 2002 and a, devi ce_panufact uri ng

a s; 12 ;

met hod mhi%%“h%g 1ngchhexpBReF PAEE H3Esthe REAICSELORORELFRESSHFER NI gh
preci si on. éﬁSCL URE OF T IgggNTICN The.first exposure nethod of this

i nvent i on 9% aAndxHRR UFetHetRotP? n whtEnthAE FiliGe g?rfﬂitﬁﬁY%%}ﬁtof a mask

2:0s projected onto a substrate 7 opn a su stﬁate stage 2 via.a projection
optical sybtEht 19U KIS e@XGLRGF stageEuL1igbt. (wape ?Pgﬁhd%ﬁﬁchbn system
117a, 118a mhich,-Qg irradiating with a detection bga whi ¢ch is oblique to
the opticaPausFs dfChemigh b BeRFbHOBOYLEAl PESSEEAPSIr AREE LB( the air
plurality of measurenent points Fla to Flk f” the surface for detection of
t he obj ecttPl IFREEI LR %@tgFl?%ewhﬁﬁﬁem%F%ﬁe §Pﬂ%so?l?ﬂg;pPSF@EFFthbEticaI
system iq&ividuall getects the focus positions which are_the positions in
t he opticaf Qi%sd¥¥% t1yrabsorhed By pappey oF ﬁ%a@ﬁ?éﬁﬁh%epBPngFhﬁhich
uses a second focus position detection system 117b, 118b which, by

irradiati h e h b t is of

"GRG ¢ HOb HBE ookt i beBRE TRl LBt 1L iB gt ene Obt Pigh By

the projecti ptical system a second set of a plurali of peasurenent
poi nts FZa%fﬁfﬁgkebﬁh?ﬁexéﬁ?f%E% #OF B%f%@?iﬁh?oﬁﬂﬁiQiﬂﬁéPFﬁaaeFé&Fgrthe
focus positions at {he_second, set of the pluralit f asur enent , poi nts;

0
in which t%e YiFRia1b TEPMWhich PFPDe RaFeREGRFBROVESr nt sLAART BB second

set of a pIHraIitg of feasure nt goints sHbstantiaII .have_at Iefst sone
measur enent 5OY%? ulqultraviolet range such as ArF excimer laser light

(wavelength 193 nm), or light at wavelengths close to this,
has high absorbance by oxygen, and so it is necessary that
the principal parts of the optical path be supplied with
nitrogen gas or similar in which the oxygen content has been
reduced. In the exposure apparatus of Fig. 24, when for
example ArF excimer laser light is used, the optical path
within the part 268 enclosed by the dotted line from the
blower unit 251 to the illumination system 253 is purged

with nitrogen gas from the gas supply mechanism 267.



- ( 13 DE C 2002 (FId, FIf, Fli) in common; in which the first aﬁlaﬁgzond
focus position detection systens are used to detect the focus posi 2002
t he neasurenent  poi nts which both have in comon, and based on the
‘detection results calibration of the detection results of the first and
second focus position detection systens is perfornmed; and in which the
detection results_o t S ne.o hLSt egqgn o] sition
$n°fn8 Lg@tgsg EPOPaEPEcLiE& gpcﬁlﬁgeﬁ n%S GhF.- 88§t§8

detection systens are use er m TocusI ng e plane of the
rvent | on -iRe SRt (SRR e URREE dte OF DNSHERIGR B AT RGEL TS
substrate PR bRy SEVF IS A0 BRI TohtR Pt ThioRne
meacur eredtevafeus alfsf e ehedned WRPI fobaffE) HRESL St Pece i ng
TeUO0) Sy YR e LB O AL LRTHEL ADEr RLEREEE LIS e
e o Sl LT e o 8 SR
other det et | BPRI ST LY nthif P ‘ggﬁr‘é‘?ﬁaﬁtféal %tsao?a’f 8t #btus position

detection systens thenmsel ves will occur independently of each other. 14 3
DE C U02 VVéhﬁ*YﬁoQ&QSWW%F?i%lﬁﬁbstrate (wafer or similar) is being

changed, and a nenber hol. di he prescribed reference plane in the
expogure ar ea ofAﬁhgeﬁFBﬁgea?8h°8s$i&3|089¥F8ﬁ9P93ﬁ0§883°8§ ﬁb&suring t he
frocus positions at sur ement i pts which, are_ common, and conparjng, t he
TeasUr emerEXRRRIEE ol LOhE FRIECE orehi CRPT IR L HES | FROIMGAL SEeB L IBE Us
position detection systens thensel yes can pe determ pned, with hardly any
decr ease i?P‘E%‘F%ub%p%f‘,:e%nﬂu??f?’ét?%ﬁﬁ?%% el¥r B?mcﬁlﬁeb%xﬁgﬁﬂr?om%gﬁ’form
calibration of the detection '--~ results of,tge focus position, detection
systens. AREF 3B outsidgethe ShapPeholft Witc hEh§u5§P$§PEesﬂ?+%c%n&5n be
detected with hjgh ecision. Even if the supgort base is_the sape, .the
mounti ng of 1 Hol@pt #bal CRRIBSTRETS 2boYe, bRE VeBernBasa 260 | SKOLRALES i s
obtained with respect to fluctuations of these rés. Here jt is desirable
that the f¥hetiLHIMLRRbHeN 1BERESRoLrT) of cbetes bRty SFRMethPr adi ate ¢ he
vicinity of the common_neasurepent_ poipnts wth detection beans i ch
vibrate i HeR ‘FWCd??f%?%ﬁ?th‘??%%t?%ﬁ%wa% dRT cBEPRRRT1RY| BR¥ed | i ght of
t hese detectipn, beans., By thus vibrating defection_beans in nutually

di fferent RPFELIPRHRI %ﬂ% BXPPBIL S AP W - hcAVRY oBEPY ?%EF???iﬂg t he

hot oel ect | ted sjgnals_of the |ight lected, fromth face f
et cot | on, VHPEATES e SRR HE afRERERF qat cBPERLBy ! e FRPR( PARISSBRORAST ocus

o LS5 P A BRoGr e CLESR L hteS Bhg 08 TS WiBforeen ,
2afr~~ independently, corrections must be made for shifts in the
optical axis of the exposure light caused by vibrations of
the exposure light source 250 or other factors. Hence in
the conventional device of Fig. 24, the optical system is
separated before the illumination system 253 containing an

attenuator unit or similar to attenuate the exposure light,

and the optical axis correction unit 252 is used to correct



to the anount of change fromthe actual focus position (the defOfgs'EE 2002
anount) of the surface for detection, and (~fdl ~fd2)/2 approxina ID
corresponds to the detection error (or its absolute value) of the first and
second focus position detection systens thenselves. That is, the defocusing
amount of the surface for detection, and the detection errors (for exanple,
drifl amugbs 3RI2ERANK Rele! BREIRL10GLALTRELGRLN chie1q0Ccal system of
the focus position defection Systens ens€elves, can bé-“accurately

separat od. ceanehBebih GAIE 2kb LGSR A BLTL Bt Bsiehoqus posL Lo

detection system al So "be ‘use State of the
mask and the sub y .detecting .at_. east, one anpong the first mark 100
on the mask 12 o?ito'[“ﬁeé’%écol% t%n%ier I?Eg:rf'%af‘}e RS &% 8§ ufc{ Sbei% % he
roj ection, ' tem.11. n.the f.irst and.second focus position
getgction %§§P@%§55§é3u§¥8 £8 gg?e&? ?R&ngégg B&ngﬁgﬂsgﬁf Pﬁgsﬁgﬁsurenent
points co 0., bhoth, if the difference in .the detection results is in
a prescrigggﬂggaggs(FSFl%YaESFg? gﬁPﬁeF%thﬁugdBFXSg?&ﬂ@&“vﬁp&é), this
third focu Ltion detection stem i s used.to.detect the fogus state of
t he mask agéggﬁﬁg??éPE,sgﬁ%eﬂaggé SHH}ﬁgedQP RN AFEEULOLTSELLPEr PN of
t he detect5 g reSﬁ%hsto% t he fir%t %nd second toau% Bosi i on detection
systems is g rf SPrBUtThS ERPPATE 8EugaBoSiPPyAede LR ShesgafeflBRAYUSE
the TTR (through-the-reti.cle) nethod to air ctly detect with 16 13 DEC
2002 hi gh ﬂ?gggBFﬁﬂ ¢RE 18cABCEParEdsr ap etEFEFe&FiG eopErbarms$iaEm and
for exanpl g, the defocusin mount . of the substrate surface with respect to
t he i nage §P8n8p8Fa£ﬁngF§FgﬁtPgntgﬁtFEBPSE§§téRPaEBFuFfaFP Lgcyeaged.
f(tequent 'y, .t hroughput decl.ines. ibmgver, in.this invention this third
f 6cus posiP%Eﬂ'dggggPFSnt§§§t8ﬁFi eakEqregdpdyr oPArcFi BEREroga®REN, for
exanple, the difference in éhe detection results of the first and second
f ocus posi tF8R aggﬁéaﬁoﬂagy PERRE; InFgrPdxedoWikhin: kBeeildupinagéoyr eat a
decline in_th ouggg t. The first exppsure apparatus of this invention is an
exposur e aﬁ%ﬁ#ﬁ?u Ha@Fnaranﬁ?BjEEFigﬂuBEPFgal59y§P8ﬁ1E§emhich proj ects the
i mage of tge Fattern og a EBSF 12 onto a iubstrate 7/, and a substrate stage
2 whi ch poStPPoNESEhE E¥LSEr hPE PAPQSBFEnc1gbibsTakt P&l FFdpErBendi cul ar to
focusi ng ot age 3TARPGE BiPYEe t4om dhs HRwes UG da T CHETAlls it o
along the optical axis of the gro'ecti n oRticaL system a first focus
posi tion d%$§gf?bﬂn§9gtéﬂFﬁl§5, R%EE %ﬁ?cﬁ,c%9SFPBaHP§tFﬁﬁlﬁﬂ?hzégdéﬁection
beam whi ch és obl'g e to he.f tical axis of the projection optical system
a first se? 5Fr3ct arg iFéeof ﬁ%ﬁ%ﬂ?Eﬁ@ﬁtsﬁﬁFﬁWssFPB°FB BERPEE 2Re/surface

for detectjo .og th obj ect pl ane side or of ﬁhe i mage pl ane side of the

projectionr%gf? Sl g?@t%ﬁ?’iﬁH?Q?ﬂgé?PyOEEPEE sSYRECRoEHBPRES| MEBRSTwhi ch

are the positions,ip the tical _axi irectiqQn of 17 13 DE C 2002 this

plurality %#ghe%gﬁrgﬂ%n?ogg?ﬂ?s#sgndisg iéegﬁa F8chBep8si BPokhak: EREi on

system 117h, 118b mh'c@ bg grrgdiﬁégng gﬁtn a detection beamwhich is

obl i que toe?“%r%ﬁ?igtl hei Lehicleoha? sBRdoEng BPRRE| PRYtoPEnERSUr ement

poi nts F2a to.F2k.on the.surface, for gﬁtection at | east part of which are

in conmon RFYASE bo?i?gFlE%i BYSHPRr 2P £+ Pa¥s NaE B adeARapST Kt 811~

i ndi vi dual | %etects t he focus €osi ions at this pIuraLit% of measur enent

points;_aﬁ%g? LhhPRAd f ocuSP B2 BELENLAT ratjReB| Lherst 18 hinadspaRatroALEpLi cal

systemis conditioning in the environs of the reticle 259, the reticle
temperature rises and the reticle expands, causing a problem

in which a magnification error occurs in the pattern

transferred onto the wafer.



--- perforned on the surface of the substrate by driving the focusing stage
based on the detection results of at |east one of the first or 4 Be)EEc2))2
focus position detection systens. By means of this invention, the first
exposure method of this invention can be used. In this case, it is
desirable that there be provided a third focus position detection system

Sor o oo hieh SR setaal aeyl OGS chLANByEY bAECMBENLARI kLI BURBR AL DY

detecting, via the projec A optical “sys ast one-o irst mark

k ' |
110 to periBrarah FHrocH 28 (PR L8 &L ?%Lﬂﬁrﬁe%%?’;’ggf@ﬁ?‘fﬂ%l%f%ﬁéé%a %ﬁiéﬁz‘
f it . f strand s

[ oeuS POSI hR £61 SELAARAY SLERBorDRRA, BALANE0EL SELAPrL eEhkiS PLet M S
SPoonl at SR POSAL N (ISURELH B RUBLEL DRV BBLIL 1 TRORY! BRAR UL 12

irradiate the vicini neastr enen infs DEC
2002 ' d ti i byated._j | I i ff t di ti
i gnt et te) st B € o dEPEEed  nbR% ha kS ChtaFENYs Do E Nt et on
i ght; d tecti t t h I t t det ect i i I
fromihe | PR TecBR bRty EVTE ReSHARTES i AEERE DPBFaePBREsbinghe
detection beans. It is d irab{ t hat éhese two_focus, position detection
syst ems ar%?ﬁ%%ﬁﬁactuf%ﬁ€$?§éd ﬁﬁ gV%E 1A AT B3 I9°§ﬁ€%%%nﬂgnfh§upport
bases, such %hat,geasu5 nt value driff does not occur sinultaneously. ---
However, iTecased dhen € rlit?%ggﬁ?%?g? s%ﬁ§5?¥e?swh§? R1gh 2EC¥FACY hese
t tually ind dent t. b th b fact d
such that Phey L9F | BEGETReRPaREetn BOt ARBHP supperiSBaent thg, Es one

; le, i brati ‘ 57 in.the light t i SS] t 117a, 117b
of the i 1SR R AL CHTPF Ot TRV SR LE1 BFOBR8 Lhe (BINBLE LREEHEF

common, providi one. set_of jnverting,optical syste 6la, 61b), and a
set of iﬁv%?%?ngg%ppb£%ye§y%Tt t&G%?gh%bc?%v?ﬁﬁg%n?rgﬂév+%%%iving syst ens,
so that the sign of the drift.in the two neasurenent val ues which occur is
rever sed, éﬁﬂF REHPRT (OCIE bR abRGr 2RI YU hAr BERRETALWER ond exposur e

met hod of this invention is an exposure nefhod in which an exposure, |light
sour ce 250™%hTE %ﬁﬂﬁﬁ%ﬁeﬂ?%ﬂFE&%@sh?ét%%a ueh BATbxPbstire REPICTRLI®R 300

whi ch hol ds ¢t he sk 208 t he substrate 218 are used to transfer the
mask pattecl’%tJo‘ﬁ‘?ga ?%%t%bggfa?ré&b]y“ nERR SURPEY R2KY of “the wafer 262,

so that errors occur in the measurement values of alignment

sensors and AF sensors, and errors may also occur in the
position of the wafer stage 261 measured by the laser
interferometer. And, as a result of these air fluctuations
the precision of control of the wafer temperature may be
reduced, and expansion or contraction of the wafer may cause
magnification errors in the transferred image.

In order to reduce such temperature irregularities, an
exposure apparatus has been proposed in which a partial air-
conditioning mechanism is mounted to perform partial air
conditioning for alignment sensors and AF sensors; but in

this case, the temperature differences between the plurality

10



-9 3 DEC 2002 exposure beam in which a first i 11 umi natioft syste "
which transnmts the exposure beamfromthe exposure |ight sourc43|U£C 2002
supported independently of the exposure nain unit 300, a second

illum nation system 204 whi ch gui des the exposure beam fromthe first
illumnation systemto the exposure main unit is fixed to the exposure nain
uni t 300, @nchdyn i ol fIcofpie £0R 1 RA1AScRin 1S SHRPSLEEsQARBLAD Lhe TSt
illum nation system an e secon unlnatlon ystem are substantially
seal ed. By pgans of this |nvent|on the first-illumnation system and
second i1 UM nation system which are provided in the optlcal system from

t he exposure |Ig?b ?8858@ gPéggtﬁégog LS8R B ggbhglghﬁmﬁ iubstantlally

seal ed, so that or exa ans Ssive in the

Teaked ancRpeuifE F eaﬁ%'fef%fe%éﬁs"??%'?nfﬁﬁe% e ?%icﬁ?‘?%{“? o hese”
11 U nat on oY S{STEa 2o K4 SPELN1 SR §Qggﬁ%'€ purge sLILGLGRCY 15

i mproved e effective air |ghtne e optica th of the

b f
et WL ER S R B S
On { t t
SRR WA L e R R R S A

air with the ozone renoved. n xposu e_beami.s lLight w.th a
wavel ength 20 25 "jlei"yQ t}%se P°1P% fir % %Jec‘: g@ 150 & C 2002 of

200 nm or shorter aser el ength 157

ht wa
nm or si tT°0g I e oadly
FUREELof AL EXCUIRr haseh Lt ERLeRss Lhoth (15
defined, can_be use d? en t he _ex e beamis ﬂ tgga wavel engt h
of 150 nm ?t%%5+?%rWlﬁ% TP g2<C B o?ﬁ c?%}%gg%§°?8 Rren as strictly
defined) can use

i d h d
e ol (Rl EEerd m%m%f?ﬁ‘%‘sﬁ%'t%ﬁ#%%uﬁ‘%hhg%tﬁem# fe' BF&ne of

formation of the sk ttern t hat | aced.in this

| nci dence Phage PLRAS 1o %%%Je% ?a‘ﬁ“.?P caf svate u@f% SEL89; gnt “shi ft
in the optical axes of the fir il g n tion S % m an e second

11 um nat i SHPR9EFEm G PEEOPEE ast sty wge&%% BESRERRIENi ¢ the
position of the illunmn teg b and t umn

di stribution thebeFﬁ OB ﬂegngEtF éFylgﬁgﬁﬁéons&stﬁgtpfﬁglgﬁtﬁpe i mage
of the mask attern etr ed wi th _hi ﬁpremsm ont o ltﬁ]

subst rat e. SFRCTHT S %%E o |?a?§ aﬁf%o?ﬁﬁg g g WhPER ?g ?r%ﬂ§ i ssive for

t he exposure gean1be su ied eptly to_the t ca

paths,  andTHEE: 'ee%e?a%’ﬁ%%% ?m%ﬁﬁ' ghbe b%ugﬁﬁs?.%ﬁ”?ﬁetﬁggﬁfﬁ?hﬁy of

t he nask bstantlally ge ?é % %hg surface oghpgh afor thon

t he mask. t FfRO %%ﬁﬁs %r%ﬁ i Bh90¢ ?%Hﬁ%?%tﬁf ?rb? )4 P 3 ﬁask

LipggB;gvgggngbnggjgcglon Op@lcg?SSYSEeﬁlk%ELHa£ﬁg EHQ%&”ES%&LdeXnthe
the substrate), without greatly lowering throughput.

A third object of this invention is to provide an
exposure method which, when performing exposure while
focusing by an auto-focus method using an oblique-incidence
type focus position detection system (AF sensor) which
detects the focus position of a surface for detection

without passing through the projection optical system, is

capable of correcting the drift amount in measured values of

11



13 DE C 20Q2 tenperature increases in the mask are eIin{ﬁétédﬁ‘anF u@;
magni fication errors occur. The second exposure apparatus of this* % 9.2832
i S an exposure apparatus having an exposure |ight source 250 which
generates an exposure beam and an exposure main unit 300 which holds the
mask 208 and substrate 218, and in which the nmask pattern is transferred
onto the sybpl rad& Dy dBANRRTad e E1APSIY S iR W Sl h e PEOYE figd
with a firstllfﬁﬁﬁrmﬁlon system 203, sd%%ortegf?%dgﬁbnd%nt y fﬁ%n1tﬁ£ r

‘- - exposurf,iElih Al ich transmts the-exposure beamfromthe
exposure Ii%ﬁn SO cefuén M?h a second illumnnation system 204, fixed

toth J i . i . quis : Ltted
From the f11st i LPuRCREr ToRPdoBrcar: R e eat ion"tRoRY BrDTRl Th, 0

L1 SXPOSUE S ARGRE oo "o OF 04 405V € L APy oLnd Mogel OYFLy g
of Lhe exPoEite PRAestlLes oA 406 LTEL L\aLaRkion RSP L1

second illumnation s e ne o ern Tormation

of the mask nd. t .a.fleld s 4 pl in_this jincidenc | ane.

If this exﬁ%@%f%?eéﬁé&é&%n +é%t%é§%%%%h?ﬁ% %§%§§%¥ea%§% ?ﬁ?§e$§ %gsgpgble
that a novable. field op. 2 b |l ac i he em ssion, pl of the first
il lumnati oorptsﬁl%afgnﬁ’aﬁl o)F dtéél}r%et%xlg?%\l/]g%tb%%'%og%’f‘g%%?r%n]hg%@gga}9 {-‘)l&?t S upon
starting and si in nni ng exposure of each shot area on the 22 13 Q
E C 2002 su?%‘flr%@g.s%/é%ﬁif this novable field stop is driven, any

C 20 e SRR T £ thi's mova top i s dri ver .
Uni't and over | aphpPerti BRISHY BERGRLB, SBYERbAORa SobOkBEBVARGhSRThe (hi  d

exposure apparatus of this invention is an exposure atus ¢ ising a
o1 6f ect | on GRRTEI RRYIT SBTGH CRE pHBPERYS G BB ERERRES (GFLEPR of the
mask 208 onto the substrate 218, and a substrate stage, 224. whi ch holds and
bosi tions THREATILHALE Oh BAEHTRORIFe RPAN i ot BB CORELGR T otYT bR HEOBal | y
ort hogonal ;,.and provided with a first_interferoneter 220X and_second,
i nterferonet®? ?%kﬂsﬂﬁ?g%l%%Ye%?uf%% bRsHEf oTEPRT U RcMa iR sE At e 38R n
the first and.in.the second direction, . respectively,.and with tenperature
cont ol deiULl AR oS cAreur ey Sone EEEORe ¥ PR AR oLt | ot s
287x, 287y, 287a, ,whi.ch,supply. te ature-control l.ed,_gas_to.t.he opti cal
path of the neasuPeﬁéﬁ?hbggﬁF§F PﬁggﬁﬁﬁsfnyﬁpgﬁPgr&ﬁngr?rPglPﬁeaBpticaI
pat h of the neasurenent g qg1of the?gecong interfe onﬁter nd %o t he
Substrate, FRRGRHTEPYPOBMICRe WhSR IR0 78 SAFEEEPEOUBREF abCs, bl ower
outlets are co riSﬁg fog t he nean£$nentbb§an§ agg for the subgtrfte, SO
that even iTFEIRE" 2rROFBHE LA Ut 0= PO CTRPREh3LY, SHPPIGhnERR SBHSEPor
simlar are installed, tenperature-control]led gas is,pbstructed by these
venbers hardih bt aital réSiF Lol Hhe Eompeear ShaPRE BFcRothe, ShERa paERS
B C 2002 beggm, gnd; 10e, FAPSRUEEr 4&8sFehbSt SBBSA! 248a°8F e substrate

for exposure.

A seventh object of this invention is to provide an
exposure method which can control with high precision the
temperature of the substrate for exposure, even when using a
projection optical system with a short working distance.

A further object of this invention is to provide an

exposure apparatus capable of implementing such exposure

methods; a method for manufacturing such exposure apparatus;

12



tenperature-controlled with high precision. Here it is desirable that the
first interferoneter and the second interferongter be installed q Tﬁﬁ;?mn
projection optical systems, have reference mirrors 223X, 223Y whi'c
illumnated by a reference beam and that the third bl ower outlet 287a of
the tenperature control device have a cover nenber 287b to supply

e o E A ARG ACBS O R, (U0 I e
te ;(g(r)l:? :ass %g{ofgné;é:eooé?éﬂ%épa f%?#\%éf%g&n@g Fk“)j;%%?ﬁn%f% ery':ubslt (r:at e 218

via a projection optical system 209, and which is provided with a
cylindrical retaining nmenber 228 covering the sides of the projection

optical system and tenperat Dﬁmf{ qﬁﬁ.]‘ Cﬁf’éﬁﬁ%ﬂ‘ 232B whi ch supply
tenperature-controll ed gas%ofrﬁcg' e sgjtfstra e through the space between the
sides of the projection optical systemand the retaining nenber from an
aperture 228b provided in part of the retaining nmenber. By neans of this

f th tus, t t = t d is.efficientl
Suppl i ed onto t HENEUbLE bt BPPRRT EnIeEpaRco ot Dain PRENEi AR 61 Shhe”

j ecti ti I t d.il taini . He wh th
Norki ng oI RABRRE AT ] G O | TSR RE s PR Sheb dVRF when
al i gnnent sensors or si 13 .0 E c 2002 i%oi%ti oned

ilar_are 2 .~ ~hi

close to tife ‘pﬁ(ﬁrébjc‘?cotﬁerg)pqqtc%la s?é?%frﬁaif?lg t%'l?“rpaer%‘fl?ﬁter%ffet%tea trate

b trolled wth high ision. Here it .is desirable_that | ant
o cool ¢ RELrb R B 1R E/E S B bbb TP ATR 7 e &1 EEH 1 he
et aini nber. By this. th f otl jecti ti
yst em caPBRC AR ST AT H Ghorl Drocraidh: Y FPAAHRERA f or

facturi t “-; of this i ti ' ,
b 65cr | bed gl (4 | SRt I AR AYbLc T GTRbtdR et el oRG Wap Hhih
projects the image of the pattern of a mask opfo a substrate;. a supstrate

g TR & bt £

stage whi Gf Jo (REAAETHEOL AR 1AL SHe L5 ShOhf iBHYEALLILY

perpendicul ar to the optical axis of the projection optical system a
ookl g STEMEARHEARSIY i ns | 12 bt Bioh FEne Rk R CE oSl bst rat 6 i n

the directjon of, the tical, axi t he oj ecti on optjcal tem a first
focusI pOSi ?W%%&fgﬁﬁ%ﬁ?%ﬁﬁkﬁ?{c ,eb?{)cﬁ?{%’ai‘léfi%gmil"{‘%g%s%&’é%ti on Ibe;m
bl i to t ti.cal i f th jecti tjcal t first t of
bl ural i S TR Sl Crr it Sirtere v e TR heredta S ©

obj ect pl side or on, the i e plane side of, the prpjection optical
LR 0

system in e‘?/' 5 PR IRS REE PRT (PATELHPRE nL B B P i ons i n

the optical axis, direction. of the plurality of t_ppints; and
second f octhALTURRE (A SLPEATHRY H BATYTSRFOE RGO Th o

deteCtlOndﬁﬁgﬂ(ﬁgééngeégéond focus position detection system 117b,

118b which, by irradiating with a detection beam which is
oblique to the optical axis of the projection optical system
a second set of a plurality of measurement points F2a to F2k
on the surface for detection, individually detects the focus
positions at the second set of the plurality of measurement
points; in which the first set of a plurality of measurement
points and the second set of a plurality of measurement

points substantially have at least some measurement points

13



~9R,. i- _, ~r ;... 13 DEC 2002 to the optical axis a second| 3efE 2062
plurality of _ measurenent points on the surface for detection, at |east
part of which are substantially common to the first set of plurality of
measur enent points, individually detects the focus positions at the
plurality of measurenent points. A second nethod for manufacturing an
exposure a at of [ S:4N Lon | 1 . scrkb i tional
PREA2PEe Ofpd D) S1hINSRAGED ERTBREER: chO £ PLESERAPEL-B0T

rel ati onsht’p,  an exposur ouf ce générates an exposure bean an

. . Coh - I h _ fi

1o nat 1 roadopdnd LG de PEuEFohcReRBae 5 e Reh e SaeBeth c¥hei n uni ¢

whi ch t ts th f t h i ght , d

second 111 Lo T PT 6o eR et PR AT o PRE EupOstr e WA RTER GATERLBur des

t he exposure beam enitted ron1%he %iﬁét lllunina#%on S stenéto th

exposure ne? QR 30 PAFPY PR HY FBFCREAOPaEEEPIHY GATERERELPR QPpar at us
f this i ti mbi ' Lbed iti I | ati hi

or of ect | ont Bt ERPCEYER oRPaIt bR o oFiEt EFRE R, seradeTorus pasAthalt orn
t bstrate; bstr at t whi ¢h hol.d . jLi t he. substrat

oIS 2 ok B iaR SHRE S e PhARERIRREY, DRhoe REL RS OB bR

dinterf t ich detect_t it] [n the fi dth
Second di rERTRLRE TEBECLPORT OB Dot BBLSLFRE ooS: bhe: Sarond FeRPer af ure

control device,.having first, second and third blower outlets {o supply
Lenper at urBOELHLPBI AEHEGEAOR (SYRESES( AES| UREHNEOr PEREOSE ToGHSing OF C 2002
measurenent. beam of the first_interferopeter, the fptical pat h of the
measur ementNBereF PHaNCLbnHRe PEPIBFbARRePPELRAL oRYBLEReCRUbREr at €,
mbspectivelg. A fourth nmethod for manufacturing an exposure apparatus of
thi's i nven®#6Ra¢e af nbRoEWPSFEARRuf act uri ng an exposure apparatus to
transfer the inage of a mask pattern onto a substrate via a.projection
optical system Hdmﬁﬁpéhoéoﬁgﬂﬁe§PVFHt&oﬁve§@ﬁ P& 1gyEringdgence type
relationship, a cylindrical retaining, nenher covering t he sides of the
proj ect i ontbhEt A %?%?%ﬂ]f%ﬁﬂsaP?%hgé?ﬁtﬁ?EeEBﬁ?Po? HEGTE AR BR 98BI i es
tenperature-controll ed gas onto the substrate from an agerture provided in
part of thkOrBEAFRFRgERENDRFUS {RPRUGRORNREshAEeSBRETERR®t he sides of the
projection optical s¥sten1ang t he retaining n§nber. A first device

manuf actur‘i"?lgth’é’t"ﬁ%ﬂ Bf YRR sIPRyRAt FYROSUre of the substrate or of the

fluctuations in the focus position of the mask 12; and based
on this measurement value, an auto-focus method (which may
include an auto-leveling method) can for example be used to
align (focus) the surface of the substrate with the image
plane of the projection optical system. Further, by
effectively mounting almost all the parts of the first focus
position detection system and almost all the parts of the
second focus position detection system on different support
bases, it is expected that drift and other detection errors
in the measurement values of these focus position detection

systems themselves will occur independently of each other.
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enpl oys the first or the second exposure nmethod of this inventi 0{13 ﬁggz{mz'
i ncludes a process to transfer the mask pattern onto the substrate. By
means of this invention, devices can be manufactured wi th high precision.
‘The third exposure nethod of this invention is an exposure nethod in which
the mask is illum nated by an exposure beam and the substrate is exposed

0 i IR N SR e D 8

plurality of measurenen on a surrace ctron,

obj ect pl ane. .sid on the.i e side aof the projection tical
system o?iz’neolnr§ 0 aq{sqedg’s,amadr eggggmp‘ljsmol%dJd’%q@ézcﬁﬂ%ié)#lfhﬁ%aﬁeeﬁeorbvcaefirst
beam a pluralit. q_f emeasurement xﬁoai\ notts qn the Séjrf.aoce fq_;.lcd tection, set
in substaft1Hlg y‘yrfh sa‘?f%ﬁpopso%’f%i% ast A AT W \Fevsptr‘ziﬂality
of neasurenent pojnts, are ilJumnated by a second beam and, the first and
t he secondlsoé‘é%{)ea(i’e %é%?ﬁsou%%cﬁ%%ojgcﬁ‘]}/sorpqsfﬁt&m i ak:h s YRt st rat e
concerning_a. presqgr. hed direction&gkggg)the qpti al axis of the projection
opti cal s&éq S tAh E MY, PRATM T @%ﬁ‘h‘?ﬁs%e"ﬁﬂ i nventi on,
substrate position -=informtion concernj rescribed. directjons at

| east one Ifr)?es%]tﬁse'rreqﬂe AUTHTUY LR THRF Bﬁbgff]rﬁtaﬁfbds%ec"cﬂf@ * and
by conparing the nmeasurenent results, the error in the substrate position
Nf or it | PREENLARb R XA TS TRETE S S FThe PR DN , t he
surface of the substrate can be aligned with respect to fhe inmage plane of
the proj eé’f’rtghrbap? Yo | A1, %?Q%%u’g’éoﬁ%r%&}lﬁ%p%ﬁ%%%%ﬁ? sed
to an image of the sk pattern. The fifth exposure apparatus of this

i nventi on $%F%n C:"’Wr% AR LR TH IBEFRIS he detemfivR ed by an
exposure beam. and ubstrate is exjgcgrge%to t he exposure beamyvia a

proj ecti orF St ﬁ}lee OGHRI RRDBYE teF M FHTMYet e AHFE systemin
which a first beamill um nates a.gluralit of neasurenentzggints on a
surface fdrtift d1G FPTRFURIIERTOHe F the HHTAE FREIHR AR IR | mage

pl ane side  of the pr_o'! ectjon optical system a second beamillum nafes

measur enerfeYRETRS BHR et R FHID det YGONLE dghe support base is

the same, the mounting of the optical members is different,
so that a similar effect is obtained with respect to
fluctuations of these parts.

Here it is desirable that the first and second focus
position detection systems irradiate the vicinity of the
common measurement points with detection beams which vibrate
in mutually different directions, and detect the reflected
light of these detection beams. By thus vibrating
detection beams in mutually different directions, and by for
example synchronously rectifying the photoelectric converted
signals of the light reflected from the surface for
detection, if the defocusing amounts detected by the first

and second focus position detection systems are respectively

Afdl and Afd2, then (Afd1+Afd2)/2 approximately corresponds

15



- S
[ ICETSRY

S vl by, e S 2
13 D E C 2002 set in substantially the sane position as at [ Eagt ‘ﬂﬁﬁbﬁe'
above plurality of neasurement points, and the first and seconzabggﬁs e
‘used to detect substrate position information concerning prescribed
directions along the optical axis of the projection optical systemat |east
one neasurenent point. By neans of this invention, the third exposure

Tethod of i d IERIHOR £ Ahifyd Fam nd SASEIY Fld IRlsiioh Ratid | on
detection systen?%e such that the first anﬁlsecongg%ea gghﬁﬁﬁhﬁﬁﬁgted
obliquely to the .optical is of the projection optical syste nd.to the
ourf ace  HEHASEITREATOHRE PR EHGS dein et annand 1(Atar-
desirable that this position detection systembe such that all or at |east
part of atAfld2aA2 @ppetineitqllyradines paindee dsurdne etpaititon br=at (Wt hin a
prescri bed area on the surface for detection to be illum nated by beans. It

i s desirable tddolidties WOSid) WY daieeatigit afd adeddiid Mo HYY iei G
adj ustnent device in which a plurality of nmeasurenent points including at

| east one qftddia AP aMes tEes WHERRE1 v Nt s Mt lidymdiad ek fyeddimgecond
beam and based on the substrate position information detected by

i1 um nat igpuit It l@astsairadd fdie ddtedt ivn | thS aamdikeagidhe i mage
pl ane of the projection optical systemand the substrate be noved rel ative

to each Otéla_*ox;szg(fox\/-eﬁénrpl(g,cc?ﬂ%V&mo%rﬂﬂﬁp%d?@érﬂeiﬂgﬂﬁﬂéﬁﬂd&!i ng met hod

of this invention enploys the fifth exposure apparatus this invention,

and i ncl UQRSF AMRIOEP Sid Giid B Riall Ry sk [P Ll Qs idussukai rate. By
means of this invention, devices can be manufactured w th "high precision.

BRI EF DES(RIFEH PRI FsydedRANMER Rids, kdd e Sh@iBdi Oy i fpshaudg a
froj ection exposure apparatus used in one exanple of an’aspect of this
In this case, it is desirable that a third focus

position detection system 8, 9, 17 also be used which
detects the focus state of the mask and the substrate by
detecting at least one among the first mark 100 on the mask
12 or the second mark on the substrate stage 2, 3 through
the projection optical system 11. When the first and
second focus position detection systems are used to detect
the focus positions at the measurement points common to
both, if the difference in the detection results is in a
prescribed state (for example, larger than a prescribed
value), this third focus position detection system is used
to detect the focus state of the mask and substrate, and
based on the detection results, calibration of the detection
results of the first and second focus position detection
systems is performed.

This third focus position detection system can use the

TTR (through-the-reticle) method to directly detect with

16



invention; Fig. 2 is a schematic view showing the first obliqﬁg héﬁhﬂﬁ?ce
AF sensor in Fig. |I; Fig. 3 is a schematic view show ng the ske€o &que
i ncidence AF sensor in Fig. |I; Fig. 4 is a drawing show ng the positions of
‘a plurality of slit inmages projected onto the surface for detection from
the first and second oblique-incidence AF sensors; Fig. 5 is a conceptual

: how : . . ) : d
bl 1 que | e AreE T AR FRRAS G0Ne B A b e e B 25
Cbrat i L7 : . t int f
the tiror Sar e ai A anentl dE ot ity SARRP B R, B0 1y 1O
howi ¢ ; : . . : oy d ] i ficati ;
the opt1 catipptate s bl ubPERAG, Se B o IRk BE IS T T of
two slit Iﬂ?%#%%é%éﬂ(%§é¥%é¥“§§§égﬁ; but if it is used frequently,

throughput declines. However, in this invention this third

focus position detection system is used to perform

calibration when, for example, the difference in the

detection results of the first and second focus position

detection systems is large, so that there is not so great a
- decline in throughput.

The first exposure apparatus of this invention is an
exposure apparatus having a projection optical system 11
which projects the image of the pattern of a mask 12 onto a
substrate 7, and a substrate stage 2 which positions the
substrate in a plane substantially perpendicular to the
optical axis of the projection optical system, and provided
with a focusing stage 3, which drives at least one of the
mask or the substrate along the optical axis of the
projection optical system; a first focus position detection
system 117a, 118a which, by irradiating with a detection
beam which is oblique to the optical axis of the projection
optical system a first set of a plurality of measurement
points Fla to Flk on the surface for detection of the object
plane side or of the image plane side of the projection
optical system, individually detects the focus positions

which are the positions in the optical axis direction of
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sane neasurenent point fromthe first and second oblique inci 4@ CAFI?
sensors; Fig. 8 is a drawi ng showing the state of notion in the sane
direction, due to variation in the focus position of the surface for
detection, of two slit inmages projected onto the same neasurenent point
fromthe first and second oblique-incidence AF sensors; Fig. 9 is a draw ng
used to e | N, Pﬁf?f i M@@C | nyesrdd |,al
systemns pé@l% nle"(riteavmt E]Hlffﬁ;éeégllr&std‘%% second o |'que?s|r nci eonﬂégedﬁ
sensors; Fig.. | S ] ] he. qﬁq QEHH ' of

I nverting %ptll%lgcfd s‘%/%éejérr%ﬂrg?sgﬂ\%m Pgl?'dr%mﬁ?\g S %\?\ﬁ (rllggy st cpjéa)aIt %&?

exanpl es : i | f [t td - Flg. . i aw ng
show ng e%lnp regg %@%@2’?‘%‘&%- a%ﬁ%ﬁlgﬁtéﬁg%@éﬁ(?%e ta\’/%‘zjf%%le a?xe% cejEE:ti ng
menber, a ree-fage. r | 21y 45 ' f showi ng
one. oxamp e id B 0 "ML SE MR sutefene bl A A A
calibratiao | QlUes 1 nch . S e ' I nt erval
baseline c eﬁl}eaﬁlg{bﬂl%ifs&g araé\)\n&ﬁlg&gho%m@ﬁgé%sn%%ﬁp({%%@@ge&g%a%e W th

time in the,LoGus, AGFI EAONC (BASW AR S (00 {8 dPERSErGlelter fOr M N0

cal i bration I que- denc

points, individually detects the focus positions at this
plurality of measurement points; and in which focusing of
the image plane of the projection optical system is

Y performed on the surface of the substrate by driving the
focusing stage based on the detection results of at least
one of the first or the second focus position detection
systems. By means of this invention, the first exposure
method of this invention can be used.

In this case, it is desirable that there be provided a
third focus position detection system 8-10, 17, which
detects the focus state of the mask and its substrate by
detecting, via the projection optical system, at least one
of a first mark on the mask, or a second mark on the
substrate stage; and, a control system 110 to perform
calibration of the detection results of the first and second
focus position detection systems, based on the detection
results of this third focus position detection system.

It is desirable that the first and second focus
position detection systems have a light transmission unit to

irradiate the vicinity of measurements points each have in
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13 D E C 2002 sensor, when perform ng an interval baseline check, and
showi ng conpari son exanples; Fig. 15(a) is a partial cutout exp‘hﬁcﬁ:ﬂ\m&v
showi ng the configuration of the light-receiving em ssion system9 in Fig.
‘1; Fig. 15(b) is a plane view showi ng the reference mark nenber 8 of Fig.
15(a); Fig. 16 is a drawi ng explaining the case of determ ning the inmge

D20 CEEGARSIR dACUfln Sodans SUSKALSE MO CR) YN0 2
Sensor SShffedlting; fidhe Yhulfod YD ) Wl oog ki 10
Lot 09 SEEG o S5 BRI Tattd B SRR A0, 00, o,
synchronously detect the detection signals from the light
receiving systems, in sync with the vibrations of the
detection beams. It is desirable that these two focus
position detection systems are manufactured fixed in place
on mutually independent support bases, such that measurement
value drift does not occur simultaneously.

However, in cases when for structural reasons it is
not easy to fix these systems on mutually independent
support bases, they can be manufactured such that they are
fixed in place on a common support base, and, as one
example, a vibrating mirror 57 in the light transmission
systems 117a, 117b of the first and second focus position
detector systems can be used in common, providing one set of
inverting optical systems (6la, 61lb), and a set of inverting
optical systems 66a, 66b in these light receiving systems,
so that the sign of the drift in the two measurement values
which occur is reversed, and the drift can be accurately
separated.

A second exposure method of this invention is an
exposure method in which an exposure light source 250 which
generates an exposure beam and an exposure main unit 300

which holds the mask 208 and the substrate 218 are used to

transfer the mask pattern onto the substrate by means of the

19



Fig. 20(a) is a partial cutout schematic view show ng the opt_ﬂcﬁaI[]Est}lggﬂgm' of
the projection exposure apparatus of Fig. 19, fromthe exposure |ight
source to the exposure main unit; Fig. 20(b) is a drawi ng explaining the
‘effect of position shifts of the first illumnation systemunit 203 and
second il lum nation systemunit 204 of Fig. 20(a); 32 ~ 3 DEC 2002 Fig.

ot het comBIat L SroRHEr 1 AP i 2 Ll {ILELREME Sherafigbls

show ng_t 1 SUat & e €A DS R SR SUSLEM 2A8A ks BXSbUGed (1O Fi o

21(a); Fig. I's a plane vi I al cond I ng

RN T, SR A Do Y BN o,

cross-sectiorn paft—of : T ong _ _ _

|52, Parti o Ul oube LLent Yi.e 200U Ny 4 06n P50 SGRLOR GRLAER! cRYS! om and
exposure beam from the first illumination system to the
exposure main unit is fixed to the exposure main unit 300,
and in which the optical paths of the exposure beams in the
first illumination system and in the second illumination
system are substantially sealed.

- By means of this invention, the first illumination
system and second illumination system, which are provided in
the optical system from the exposure light source to the
exposure main unit, are each substantially sealed, so that
if for example a transmissive gas is supplied in the optical
path of the exposure beam in these illumination systems, to
supply leaked amounts, the leakage of gas from the boundary
(junction) of these illumination systems is extremely small,
and the purge efficiency is improved. That is, the
effective airtightness of the optical path of the exposure
beam in the optical system can be increased, the amount of
gas used can be reduced, and operating costs during exposure
can be lowered.

One example of a transmissive gas, when the exposure
beam is light with a wavelength of 200 nm or longer (KrF

excimer laser light or similar), is dry air with the ozone

removed. When the exposure beam is light with a wavelength
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aspect of this invention; and, Fig. 24 is a schematic 'Vf*’é%"éﬁ'ﬁiﬂﬂ Cﬁ o9
conventional projection exposure apparatus conprising an air-co gppfon?wg
‘mechani sm BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Bel ow, preferred
aspects of this invention are explained, referring to the drawi ngs. Fig.|
shows the schematic configuration of the projection exposure appar atus of

this exarrraf.e zdm fnt Q)r sthdft!é!é“ %@H Ok 4 ikt i&g? EXP e pmltafs % %é.%’iﬁ‘t% KrF

exci mer | aser vvave engt ArF excl mer vvave engt

gzblag?ne\rm EW%H bed cr 0)55&%3&i aIILDE'Cel&]O‘lO]LZ&i% f naI éﬁape y gegglarr?to
d

S rror 3 A rHEe a3 %ie&%ﬁ% (i eé)%o@%e?%bl%ﬁ%ﬁi%%?%% ’

addition tQ A&alseerb%alnghls spgi used ,ﬁéjjg%(néégpoﬁ 154 hﬁﬁf‘? right-1i ne

l'i ght sourtT or st m as a refl'ective face

h b
B oo bR e L uf 1 £33 fswrrzérh B b LLAEF S0 AL 0007 Y
not or 30, éh ccop}} cgéfijneé’ci)e ?#é Vﬁ‘g&& exerci ses general control over the

entire appara I unination I|i ght to pass unnodified or to
Chr ough ¢ he i Xﬂ%”oiﬂf?ﬁihér%b?[ 1£735° 88 Eev 1k SRR %hggﬁ'a' pBE R Rl

| ght - Sourte Niageind EHERiFetRA vven dre (RN Big e 8ty f%%? first
and he | et SERSTRATT N i s aaRl Bt A t%ﬁf%ﬁfkﬁ the
UARARRE I E e i %’?‘gh‘g‘(ij“%?y!?ﬁ%“%attZ‘?iﬁz‘b‘i‘ﬁe&‘%ﬁe The rotidl e
Freel y- 1 olaiThatt PEHIMRES TROTRI Lo dher VR sTREL 1 B8 cEh8 SPBLFELI i oned
Circular ATT VR T8 31T PELrbH R rereFah TR b e eorordri ng 24 13
DEC 2002e {Ilumination system due to vibration of the exposure main

unit, the position of the illuminated area on the mask, and
the illumination distribution therein, do not effectively
change, so that the entire image of the mask pattern can be
transferred with high precision onto the substrate.

In this case, it is desirable that gas which is
transmissive for the exposure beam be supplied independently
to the two sealed optical paths, and that temperature-
controlled gas be supplied in the vicinity of the mask,
substantially in parallel to the surface of pattern
formation of the mask. By this means, the precision of
temperature control of the mask is improved. Hence even if

the mask is illuminated continuously by the exposure beam,
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.i shape illunination, and an aperture for nodified illum.natiodq $(9[sq 790219
of a plurality of eccentrically placed snall apertures (see for exanpl €
Japanese Patent Application Laid-open No.4-225357). The control device 110
‘can position the illum nation system aperture stop corresponding to
prescribed illumnation conditions in the optical path of the illum nation

light b i 9 0, vi

1 P g b4 AREELAGES SRR, sl by SPRIPaSted TR gD, 1 o0

di stri butj . it i f illumnati i ght th

éoh?ié?-?dﬁﬁ#%ﬁ%ﬁ%ﬁ%ﬁé& Eééﬁ+|%$%%%§ ih FE21P?IL2?na;?on ggticg! system

tsgﬁﬁc'e)s Cgﬂgi z'tizﬁhéngeégﬁeeegéogu%agggakbgﬂg éguiﬁﬁs(& égkﬁﬁsﬁgn% | 1 ght
g of “numer ousTrgnt urce Tmages forie y e secpnd

e etk eSe ROk s 8°0h Afeh Ped "EalRt  SEPeL A5F AEL4E e 2

type, but may for exanple be the slide type or_sone other type, ﬁééo, a

doubl e 11 ITHFTERE TorXRITHEE dpSans | 705 O CXPRERER A1 Y eYBLt ehl0 27 20

dopt tical int h i but ingle fly-
lens: Cor o ih dhofils oFfe g % B ctnd "RERFEEE e epd i o ey Y9
| enses, rod | ense internal -re Iectéon type |nteg%€to S),_or

DCE:
(@ T1r act MAFBRT CSTTRI Cerr el hrert conbd "Ene 1790 FERESTBY PRORRF (Rf nat f on
or s consiiat PEReBITe WRSTRs qand Whidh fe PEESTLagt uith AeRBl 70005 v e

anong fly-gye lenses, internal-reflection integrator d S be
Gsed’ Tho TYTRmETAEIOR PYeren 200t myentied: FRASeehiantlY FEoRhBY 22 and
passed through an illym natjon systemaperture,stop, passes through a beam
Sp1 i tter 1SXRREATE TATBWRLE cthY \YRYEhI LHangpi foobhe SREPORRFE pasaRs
through the illum nation optjcal system 49 havipng a relag llens, reticle

bl i nd (var?%ﬁmét??e?ﬂpg?ﬁﬁg,lﬁgﬁ e%%%?c?engnghﬂlghn?lﬁ?? R il luminate the

illTumnation area wth the prescri bed shape of the pattern face (| ower
Cacoy of (P SRE R LR SV EEEn 2k, TECSA ORFe FhaGERBIERRE BAtRet ALt hin

the illumnation, area of the reticle 12 js projecte ith nification
(where ~ 304 o‘?’hb‘;'(]&n%'iléé‘i? 4the gxpgsuLe n‘P?%‘B) e&nﬁt@ﬁe%%j £he, 5HT8bt i cal
syste~ 7, of silicon or simlar sugstrate. Fig.l,shows mark_nenber 8
(descri bed e ERBHLOR S B EEM oFO t HRE SXROBIT G DAL sHPthce oPYHE2RATBE and
coated with resist, as the the state, in which the reference i.n detai

bel ow) is FPRIFoBFRRASHRE pPBPRERFBH/ obRf cSFCePd BRPIFUL e MERROH P oﬁﬁﬁ@

expl anatiop, the,Z axis js takin garallel to the optical axis AX of the
proj ect i onlBPERELPR sGRR hE 13mPLeeRted he bl ane perpendicul ar to the Z axis,

the X axis is parallel, to the plane qf the, pa in Fig. .|, and the Y axis

i s taken perpeﬁdFBuF St §2Re gFaﬁé ngﬁﬁebggggﬁaFntEFgPlfPeTH reticle 12

i | aced on the reticle stage 50, ich noves freely in twa,di pensions, in
the X and VAGLIERES oNE BhA FRPPSULS| BRATNoRTLEREd L5t NeNBitED 36 13 D
E C 2002 diffnslonal ositgon and %Ee rotation nnunti.éxamﬁn? Eigching,

rol ling) otliWBLRAtieneS¥ELER, 5N aFRe (RESAPdqLhyumiPatirn RYEFPEr Bftet er

(reticle intecferoneter),, not shown, _and based_on the reti.cl
hter fer orSPRIUARES P EhBHERS P LRRe PAaPRLhErS) THEURELORTBEChAEr BREKY he
position of the reticle age 50_yia the driving upit, .not shown, ~and al so
Phe noti on2ddI bhrtya st inlgettapy2d erbe Bl atedetll FhLe SROLABDREL PLRBELS
are, in addition to circuit patterns for . )

If this exposure apparatus 1s the scanning exposure type, it

is desirable that a movable field stop 242 be placed in the
emission plane of the first illumination system, in order to
prevent exposure of unnecessary parts upon starting and

stopping scanning exposure of each shot area on the
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exposure, alignment marks 43A, 43B for reticle ali gnment, m ﬂ@rk
100 for focus position measurenent. The mark 100 conprises a pILﬁ ?

L/'S (line-and-space) patterns; the alignnent marks 43A, 43B and the nark
100 are positioned at positions within the field on the object plane side
of the projection optical system 11 The wafer 7 is held by sucti on onto

the wafer f ed on a Z sta

whi ch can #\ﬁkﬁr%—‘%h %‘%‘2 t%l\%nﬁl; cgej&%kf)fl cajréiaél%t?g hles’Zi e tid I%S

the pro ect:on optical system 11 be inclined (tilt-drivyin mnthln
. or 6ot | BAPRATRAS B T sﬁﬁh e AR T st tled %)t%. ch
is freely anabIe in the X ons_on. a. fixed pI el by means of
air QU|des’§ﬁf95?m§ﬁLQKHQﬁ% q?ﬂaVﬁﬁéia%t%ﬁﬁff%ﬁﬁ%tﬁ%ﬁ éh%@e) conpri ses
the Z-tilt stage. 3 and e 2 The t wo- di nensi onal position and the
rotation &M %/a%%éy ;f? rolllng amount's) of theZtiIt stage3

(wafer 7) are nea g a nnvable mrror 4 fix ﬂ on.th % DEC
D002 1111 of age dng, Bhipd SxlpsRtenaBrrEAbnS: of ERiSnibPED ifnoje 23 Pasr
interferoneter; based on these neasurenment values, the cont deV| ce 110

control t HEXBRRYET APPITRIEYRS ‘Fw%‘&%’é%%%/gt%ep’?fél%“c‘?’f?’“o‘?P%‘%? rPib‘? he z-tilt
stage 3 (wafer ?% by dr|V|n the, XY stage 2 via drivin arts, not shomn
During expdsurdich L&%Ja%c et %‘E%%ﬁ.g B RATEeTR ?Jg ’1?16? MRE 2

st ep- and- scan nethod after ste g novenent of the XY sta t he retlcle

stage 50 &MREXVRE fbstrate 2218, apd ey %%W%%%L%‘F%H? nzzt)‘he““)(l"élli1 rection

(scanning direction) with the projection magnification (3 _as the veIOC|ty
ratio, and®yAs AR RRFLEIGRS pbie FUPF HERES of R t $RCR RF ¢ ef 45T sand

sean- exposed over _each shot area of the wafer 7. This is also possi bl e when
p&fform ngg%‘f%'ﬁfi ﬁﬂr‘?"e'b%%‘f' SREER hhY Prthoganakis And RFORIAed WE A t he
wafer 7 is_exposed to_an image of the attern of the reticle 12 in
successi onf Wt el et SRS Eé%k%?g5’§¥ g%@%9n¢leﬁ%E§e¥?m?Eﬁ¥o¥%9%uch
exposure nount. contr ol duréag osure illum nation Ilg reflected by the
beam spl i tWtCh gleteshhe %&t ¢S | i cHRa IHPSERRES SUagentR stheg of a
phot odet ector, and_the detection_signal of the integrator sensor, 24 is
suppl i ed tBi¥He 29 gHiehRe BREPRA %é@?%%lﬁ%f TERRC LY ¢ ihnedd cBhtR of
device 16, the brightness of_the {llumpation light on the wafer stage is

det er ni nedtSMRAF AHEL@FRRETSH deyhaes 2k diit§ nRABIRGsEHES EuneeeRde

exposure does is, calculated as_necessary, and the cal culation results 38
and third blower outlets 287x, 287y, 287a, which supply

temperature-controlled gas to the optical path of the
measurement beam of the first interferometer, to the optical
path of the measurement beam of the second interferometer,
and to the substrate, respectively.

By means of this third exposure apparatus, blower
outlets are comprised for the measurement beams and for the
substrate, so that even if the members of an auto-focus
sensor, alignment sensor or similar are installed,
temperature-controlled gas is obstructed by these members

hardly at all, and both the optical paths of measurement
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'13 DEC 2002 supplied to the control device 110. Based on the iII‘|u3ﬁDEB[fi2ﬁﬂg
| i ght brightness and the cunul ati ve exposure nount, the control device 110
controls the curul ati ve exposure nmount of the wafer 7 to an appropriate
‘exposure nmount. Next, the mechanismfor alignment of the reticle 12 is
explained. In this exanple when performng alignment of the reticle 12,

rhe Con”%eﬂr%"&rﬁlé? t egéﬁlLecA ofhéh hélﬁ%;{lt,%@ a&gnsteés the reti cI e

in the optica unlna |on | T'ght I's neans, i1lum nation

| i ght whic {%@ﬁg%é¥§¥bf%%ﬁéfﬁh{éﬁn%% éﬁg%kéﬁ iSgurce 35 and def | ect ed

by the shu asses rou IS incident on the first

branch part 10B he, o I O,..T t f.ace of the_second

branch part 10A g?r%hét %% @%%1Fag g gl % fﬁgggoéﬁ% ESEOWﬁggﬁlgp |y
eiving.face of the 17.connected. to

bef t he | h to t he

o onrent i 5 S eats %er%m%t%eb%tﬁ%%’%fﬁ%%c%arr%r PROSEEIER 11 ber
bundl 10 | d to the | ht - /| 9 t d
Cnhe Z0i Rt iral e vstats  Hite Feferende nitofl 1A4RY 245 Sh ROz ! O
hot odi ode b d t | | tt
Cyotem o 1 SLURLIRLEY dFera et %ﬁ?rc%m PR rér'rg“%ngrcisg Stk 1o
whi ch t t t toth | t | th f

o Che Teioreieh Za1% Ghint eBRet cafurd "t £0] (b tle ] hETE 2 1EoveE 50 13
Sogdcpfgﬁiré%ﬂ b Woﬁgt%lgg “rré"‘rﬁﬁrﬁ%’ru%gﬁ eonerl fea Jpf s £G RS vater o

configuratio of the I| recei /I| ht - em n ystem 9 within, the
Z-tilt st ) f%r%¢ w?%?e?%%é %?érBﬂEE marRY nEhdb®r 8 in
Frg.1S(a). In thr | t herg ar ofnmed, on the surface 8a of the
w?erence %%?QSné%%% & S%ﬁa%$pr%x?ﬁﬁf%+?ngh&a?%°£ ¢dpe aperture pattern 8c
positioned in the shleld fi air of frane-shaped reference marks 8b,
8e, positioned s&P ﬁsfPBrgﬂrﬁﬁﬁﬂﬂu Re2RPAFALHE BgthFﬁ a8VPRtiAR is an

X-direction; and a two-di nensiopal reference mark,8d for _use by the wafer

al i gnnent %%P@ﬁﬁred%%E?¥%EﬂSB%¢B%P ?ﬁa?%EeF?gﬁFer%%%Q%rﬂﬁ/??ﬁh@aEE?¥¥rng

system 9 of Fi 5(%%: illum natjon |I§ IL for exposure emtted fromthe
third brarh %@? nae 398 t PR PR aF Ul Eﬁ?t%U%H?eVi PaRERECTHFRMUgh t he
mrror 151 and condenser ns 152 to.i)Jlum nate, reference mar k. 8b_ of

t he refere?rl%‘él?r%ﬂ'ksYI%?r‘Ef%r£ t¥Ri Bt%%n?g?ﬂe e i YR #yCYHiRdRicati on
I i ght from anot her bra pa%% énot sho he optical flber bundl e 10
i1l um nat e5® ¥$bnb9%éme re MEFR1BE. they ?h €S RhnbPE, PFPIEHTHARI on

light is fronlthe bottonrsrd of course |i e.incident fromthe
reticle siGREITAT AEEtRe 71 u'?ﬁ‘ﬁ%?F%uF‘Fg?rgn?£g§a§%1’h§e§ ni st 2heP
vicinity of the refe ence nmarks 8b, 8e e throu the projection
opti cal ” sy Rt 0 L COMDeLART TR RS LLoanoas caF et Bel RGPS FBRCoxan! ¢,

cross-shaped ali nt mar ks, 40
P hrougﬁ the space between the sides of the projection

- optical system and the retaining member from an aperture
228b provided in part of the retaining member.

By means of this fourth exposure apparatus,
temperature-controlled gas is efficiently supplied onto the
substrate from the space between the sides of the projection
optical system and its retaining member. Hence even when

the working distance of the projection optical system is

short, and even when alignment sensors or similar are
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~ 3 D E C 2002 43A, 43B on the reticle 12. In Fig.l, illuninatidrd BECyRE02

passing through the vicinity of the alignment mark 43A fromthe side of the“h

projection optical system 11 passes through the mirror 13 and alignnent
i ght-receiving system 14 to forminmages of the reference mark 8b and
al i gnment mark 43A on a CCD or other tmo-dinensional i mge- capture el enent

15, A retighes ol f 40REDoBLOE SgﬂeﬁPtagésetaﬁr pBoegi cLoseape” inks | or med

fromthe rror I ghnen celving ystent i nage- capture
el enent 15 tuge I r C r enment 15
are suppl|e%h$gggﬁgéglgfn%§%ts%%% déeﬁcgglégﬁtkg?gga ﬁ glﬁlﬁhent

control dev 8&%90 t hese i mage- capture signal s are processed, posrtronal
shifts in Fhe % Y directions of the alignnent mark 43A fromthe inage

of the reference l%b 1&g ggggg % 6h%%d t%%oﬁ%%&“%ﬁd %%ﬁ'kh%nal shifts
i 1

are supplied to F [2) control evi ce neans o m'croscope, not
shown, the

. 0sSitlio hift, of he aI| n k 43B with,respect to
the T mge BFovhebiErcrRRie hapkben berelopelaR o TRl IPleY AhaCTRFs
nmeasur emen vaIu Ls.also s P ied_to bhe control ﬁ ce 110
posi ti on nEP¥nESFaififg @?ﬁég s sBEnc b SRR gotPE EEPSTRERES BF (his
air of al nnent ks 43 mretri aII n
gssociatintgﬁnBIQPS?ﬁﬁaneae 18? tﬁgsgégr??Bn eo?xPﬁ%O#g%é etgtﬁgil%o and
waf er stagﬁ ch that ,the positional shifts are mnimzed, alignnment of the
reticle 12 hﬂgﬁrr8§ﬁ8&§l?8 the coordinate 41 13 DCC 2002 system of the

Z-tilt stage 3, an fer sta er fornmed i cal elenents
whi ch reduce theAC% tgpg? %ﬁﬁ% Wﬁ%qﬁ Gﬁtexgﬁgﬁrﬁbapgﬁ YAERSpl e
riot at abl e drf sion Ia es _or Mbbratrnﬁ mrrors ng§ g gvrde within the
RA ntcrOSCBBe FﬁrlB SHHLRN FRMPHBEFY P PrBﬁgﬁF§§ A 89 t 0 suppress
t he occurrenge of sHeckIe ﬁattergs on tEﬁ gecer surfac ﬁ% th
i mage- captﬁ? atigRERtP152 RRCFFLARPsOPHEGE! Fgﬁ §Ti Hg* fBFOA?Fgﬁ he
sensor -.: tron d on t e srde of rojectio tical
system 11 iBage; o ChRePRELPEROALOR te Ke PR fnanc A kS Bar or SRRFETABA 1 he
wafer 7; the |na8 ﬁpture Si nalﬁ he waf er akvﬁnnen sensor 160 are
al so suppIFEag?o hig aPPEhFERtS c5AEr B EEGPEE véthieA PhaNShove reticle
alignment is _conplet t he waf er i gpmrent sensor._160 is ed to detect
t he anDuntSBPsE FtPﬁﬂ&rP?ﬁP?PdrFBiPF °dgb3099 ﬁcé nﬁeFSoP% gB € ef erence
mark 8d of Fi add| t hi osi.tion shi o.the interval
ot ween + neroJegtigt; ePEigAY, AESHeRar anteBRAiRg Bhackowhirks AFATES: AE
advance least one of the mask or the substrate in the direction of
the optical axis of the projection optical system; a first
focus position detection system which, by irradiating with a
detection beam oblique to the optical axis of the projection
optical system a first set of a plurality of measurement
points on the surface for detection on the object plane side
or on the image plane side of the projection optical system,
individually detects the focus positions which are the
positions in the optical axis direction of the plurality of

measurement points; and a second focus position detection

system which, by irradiating with a detection beam oblique
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utaMe R Loy v V!
and the center of the reference mark 8d, the baseline arpunt, \Mpg:IBElPs ﬂdx
interval between the detection center of the wafer alignnment sensor 68 d
the center of the pattern image (exposure center) of the reticle 12, is
cal cul ated; and this baseline anmount is stored in the storage unit of the
control device 110. During exposure of the wafer, the wafer alignnent

sensor 160 scisosbt 04081 £ 42 seloda B Er 620821 kieapoey4ens of vaf er

mar ks provid e prescribed shot area o ;- and hi'gh overl ap

preci si on méa§ﬁ4ém§@gd9y%§£%V&Rgtﬁges&%%§539f?2 ?ﬁg&gtfgnﬁhgtcfgé L nates

obt ai ned by correéecti he basel 1 ne” anount, array’ coordrnates for

all shot Arge 9P BIEHELEL SELELLAL P {yObfg bRy, et pEtion Lesykt s

Because td f el 1 ne anDunL Ny change , baserine anogn sbnay be
Vi ﬁ;:’{ heTEr iﬁﬁ%ﬁﬁﬁaa%%ﬁ%%%@*ﬁe%cﬁfﬁﬁé?elﬁé%iﬂ?%t?%i B "GeCesE oine ot on

ti t 11 . i t I .S . ti t
rereacur o’ Fheubataf T hiSToth: e PERPRLt Py "BF Bhastremdtl A0LR0 S " °
called an interval basel.ine, check, The fer al.ignment _sensor 160 may be an
on-axi's rat her t RaRoaRndy PEERPS” fopi BantTaftnEyndoan, raberEte

hr ough- t he- | TIR (th cthe-reticl hods. The waf
a1 gnmont SBREERC1% 0P sbh by URUEANCT: GREDEFEY? oXarDl BX o8 T RPRvel engt hs

i i mat f 550, to 750 . _but a.sjpgle- I h
bonm "or “RERSIEIESL e LaEL AR R, (3R Pibesdte ohihErpSiER aeBd e, o
ot her Iight nma gg !Jsedé and ghptodegectors ésuch as. hotod!odes whi ch
det ect d|f$?%ﬁ¥% $i YRt S¥POMNLE| BRABAt A e fEROBYIS CBR LR BALF ¥Rt Ray al so be

d. This,is.t I f th | t 2 Fi g, 20 f th d
nepect | achefdbetie ek antnsulrhertE cacELeRb TLrunoft Foh SusteRor O
f f th f 7 i .th ti 43 ~ 3
D e o0 tbpSTEed cindaeetdrstid EEoRoHhELBrnoRaER Rabh: VBl EsuthieRar t ne
surface of the wafer 7. is aligned (the patte H i's focusedi.mtthin the_fpcal
dept h of tFEARHRELD) e PHRAFVES ReABFEPBNFhe: SXRESPES: ighbSPRE Pt i of o

12 via the ojection.optical system 11, The_autqQ-focus control of this
oxampie | nihdaeesetend LR naYEaE Yo teRr of ket PBIS The SrOPEYEE
inclination of the surface of.the fer 7. Cbnsg uent | thg rojecfion
exposure ABPRPATE of VRATE SULABE oL RGN BFPREUTE \DRR 0SRUE e nBERBF R
conprising_a éuafiit of . AF sensors to asure the ampunt of defocusing of
CheP e e iRt L adhioh SEPERR tor HABaSPOphES BREh Yndha the oni 1T in
the angl e of inclinatiaqgn d,a Z-tilt stage 3 which aligns the focus

00si tion and angPetBRTANTEERAE SRToRANNEACHIIng P EHPORIES: SPRATALUhe

i mge pIaneF_g sed, o neasuy enent val ues of thggAF sen%ors. The

. RSN b ) 1
plurality 9 18 hABPREHPt APEPERGHI 2 cBNBF EPCHEPEETRRS 1H10ona

through-the:reticle) AF nding_to the third f Lt
et oot Lon SSLEGHPEPELRT <2, RURATThOR CRRCLUPI oSV SEBB) PRAER] REPAERED REe "

Sensors corres onﬂinﬁwto t he ;irst agd second. focus osigign geteﬁtion
systens of 'PA9E PhHyAnPadk. PRFFEID PRECTHRSEDBErARCE eAsBIPPETB%EI §FASE. Wien
using a TTR AF, sensor, the shuiter 28 in Fig, |l s opened, _apd_ illum nation
Tant for MRICRCRRISE AT rESF R Lhe  Ehe SOhPEEaEE B ActrEE ARRLA nate,
via the iIIuningtion optical s st£¥149 ﬁgd ot her gonp%nents, gn area whi ch
i ncl udes aSFEPRI1BHTES l?BCUQu%Bg Yo" HELEGFEABAF BniihEtaqnd a

second interferometer, which detect the positions in the

first and the second directions respectively of the

substrate stage; and a temperature control device, having

first, second and third blower outlets to supply

temperature-controlled gas to the optical path of the
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~ aF~ 2002 ,. ~.":,y..,,~ reticle 12. The irmge of 1R BEF=2002
100 is projected onto the reference mar kK menber” 8 via the projection
optical system 11, and this projected inmage is scanned in the X or Y
directions relative to the aperture pattern 8c (Fig.lS) on the reference
mark menber 8. In Fig.15(a), illumnation light IL which has passed the

apertur e RALLSERoRE, POsasR ST OHNe | be CORCEPRETObEOS, 1o angpalLLer 154 In

the |ight recei ving sys and is

| nci dent g, {fieo &?ﬁ[;ﬁ%@l nmgneastaefo OfnbnEoaghaCEhcl] Peropbundl o 10

The illum ion |I nt on t our ranc paSses

t hr ough thg eggg% ?ﬁ AE%OA&Q%?éQ?lQQi cal fiber bundle 10 and is

IECIdﬁnt 8 I “the detection signals Slhof
16. T
R I’ySte"Aﬁt Senshr 9%? ?r%‘%ﬁ 4 ket n EI?rs?g't%s“‘@gse&"”e%%?ﬁg?%'f orence mark
nb 8, i vi ng! | bundl e 10,
and_phot odtPBRrar TS F | s, i’nt‘ae £10h" I8 RVREERLS SR hERh Rkt iBoTA <

I d t h t d det ect 1 of
T oY o PrRT e | ﬁ?ﬁagco trﬂnetﬁs éﬁt‘hfﬁme?% S?!@%S&ﬁﬂﬁtﬁﬁnof %t he
aperture pattern Q nage of het g £n order to $ this
Sbanning GPRFRER nATREYBREENY ERoS  REPOPREan QP £79 P ofi tBat tern
8 th t XY st 2 th t I ta d 45 N

o ST ony ree%?z%‘r%%m?érarfrr S RERSEIPRAL ERHAELRRRREP: | Boer , ArF

I t d ht th t 35,

?ﬁé‘ EﬁI seaéfthﬁéricaﬁtsgtair‘?wgtxﬂm%%?%é&%irgr%aeaéiéas 881 £685" Gesi rabl e
tthat the input unit of the f gn nt co tro¥ device 16 cong ied for

exanpl e, g%&%c%?ﬂ RELERT SRTCSRal %{j dR gFELPEY AFBF € cOROEFPLr Y KCSr der
t t f tt th | t [ i | L
cach || ght “BEFECS SPRTLAE LERBEFARER-CHPEERH FleIaF] GRENEREoRUPEFEEES! ce
16, the detection signals of the _ photodetector 17 are norpalized b
sequent i al F5oR] 90 GFREE LHES CRFRKLAEH hoRAFE Of FRE FROFLNLEECHSPEY: by ¢ he
bri ght I f th |1 t I IL, detected by th

"nt agr at or CAERRGR SAS' e neFwarn,theastust: o “thanbreI&stiaRe used to

determ ne the,coptrast of t& 'na?e of the nar 100 That is, as shown in
Fi g | 6(a), OPRECHS SHRFER, ADARPE Fotaining member

A first device manufacturing method of this invention
employs the first or the second exposure method of this
invention, and includes a process to transfer the mask
pattern onto the substrate. By means of this invention,
devices can be manufactured with high precision.

The third exposure method of this invention is an
exposure method in which the mask is illuminated by an
exposure beam, and the substrate is exposed to the above
exposure beam via a projection optical system; in which a
plurality of measurement points on a surface for detection,
either on the object plane side or on the image plane side

of the projection optical system, or on both sides, are

27



‘Droj ected i mage 100a and L/ S pattern-shape projected i nage 1004 3L 2002
projected onto the reference mark nenber 8 in tthe X- and Y-directions
respectively as the i mage of the nmark 100. Hence the projected i nage 100a
‘is first scanned in the X direction using the aperture pattern 8c, and the
normal i zed detection signals S1' of the photodetector 17 are plotted

fo the i niag MFEHERINF £1eif HeShPlP it A f A Ggnt L PoPo ! "
B'E'C 2002ty %' HE ddrdd %ﬁ%riﬁ‘%&ﬁ%ﬁ}% O AT e  ce
A AR
correspondl SRy e RO ol el el ”
vattern 8CtlR TR IY TR LI LR YSET 0 oFerREt AT EIRY | mage

00a, whilge --_dr.ivi h -til 3 b i.b h
Focus posiATEHRC G S8 aris ceonarad e e e Tiale 3 PEFETTIREY  fe cont rast

C obt ai ned, agai nst t focus position Z of the reference mark nenber 8, the
data cer; diiageion qafond e\t iedl el oL BhE AHEIECT o8 PREIRRR ceri s
i s approxi mted Qy gHgy dratic curve, for exanple, using the |east-squares

met hod or BHF§%rst THhePPQARAPBETIE NN BF¥ Gt which this quadratic curve

is maxi mumis determ ned, &hi .focus ggsition EX m%ll be.ghe best -f ocus
position of the BYOF@EP@dO'nﬁéé5166¥? hC8et GHPFEYALPNPBRAELOR, el i mi nat e
tthe effect, of astigmati smof the projectio tical system 11, the Y-axis
e oot o0 HARRABHE gromtein g, DT SELREL SPELERLoRd HF aledsn S ng L he
aperture pattern 8c to determne the best-focus_position BFY for. the
oro] ect od TEATTSMRBE ROHRT hi® VRt STECY Yot RRrSdRRt) 339 crecand  hgams
best-focuslgg itions is,taken to be the actual Pest-focus Positio . the
f ocus posi? HICUMRAELDG the Meaguyenep FeFulis ogbhe fEILE{1RothG s
best-focus position. By,this negns, t he surfﬁée f the.re erenée fark
nmenber 8 i BURFLLALE RS BFLUY; HRAIFERRELMR t FAR RS adetar™ined e htA 21 Best he
rojection optical system11l. In this state, if for exanple the focus
Dost tion ot t4EEEIRG 2bB ORIQHANPEF or Lie S WEFACHEtbe 18 FUPREERLE et Bisi ng an
obl i que-inci depce AF sensor, described bel ow, and cali ra%ion i S gerforned
such that 2%i 3L HERRY B A TRPFSE 060  HXT cHFREF Pe2RGret LRF uRECIPCHIR™f ocus
osition of the surface of the fer 7.by this oblique-incjdence AF_sensor
Bocur at ol yPREITAL TS tom HEFORIRI hrott FhorFIPRCT ARG oM o, SHPRBFL

S:E?glﬁd nethgg f&aéglg.|¥§éggggglggt€£rg.pr01ected i mage and aperture

The fifth exposure apparatus of this invention is an
exposure apparatus in which a mask is illuminated by an
exposure beam, and a substrate is exposed to the exposure
beam via a projection optical system; and provided with a
position detection system in which a first beam illuminates
a plurality of measurement points on a surface for detection
on at least one of the object plane side or the image plane
side of the projection optical system, a second beam

illuminates measurement points on the surface for detection,
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to determine the projected i mage contrast is disclosed in Japanés%ﬂ%ﬁéﬂ”
Application Laid-open No. H9-283421. Tn order to actually determne the

i mge plane of the projection optical system including the angle of
‘inclination, the sane marks as the mark 100 used for focus position
measurenent may be forned at three or nore places on the pattern surface of

the ret I clydan 30dhdlfy BERlry QS AN WAR: Bln e ¥ IEREGddrages of the

plurality ree or nore rks ea asur ed, ane approx mating this

I ¥ ) bR ¢ 1 h !
(F:)_oﬁ[ ?o: It)éc}: seuc%%t%r?fagﬁtktﬁgq giﬁe f ;.?;%o%%ﬁéﬂrée}ftgrpgliggc édaﬁrén;egi)eterﬁﬁgiaﬁl& des
wth thi sestoéc%r}% b}%g“a{ga?%%oﬁ%?z tooosdéﬂﬁo&is Rlpd oag'iq:jt %[ ermned in this

way are determ he proj ected 1 mage of the pattern of 48 ~ 3
v E c zoo2 the reticle 12 via th ct ual oj.ectj,on opti.cal stem 11, so
that the. dERUPEATR Forhar fu R il U S i 4 i 3R Vi e
whi ch take_into consi deration fluctuations i.n focus positians qf the

proj ecti or?pézdﬁaeala’%]fsto tf? iR%oé?cL{:o]rqrbi%atiJicr?gl i SURT AL s 8:r S on of
optical nenbers and .other .changes caused by .environnent al anges. sych as
the at nospHetsH s B Y teﬁ?ﬁ’el‘%‘?ﬁﬂse,ogrtlb’f ansorpti o%meew e
light. Here it is de irgfl S ttt'ha.t mar ks 100 for focus sition measurenent
be positi o‘?@?ﬁ%%&ﬁﬁﬁ’ ST this ANyention,;qan ke ‘ur ement poi nts

bropect i on opti cLF L5 BRI ERBLE F AL, BALF LPRRLLhRh AP ErCoLo BEoTPRUAF nat o
e by T i
e moasur GPLIAERAR: T TR 6 Rt b AR PR A deber | bed
opt1 cal oy SN P he CckAe 146 JRrSCIRIE I Wb ( h i gh
Cxposur o SHUFLRRGHs ESHARIRE “honce in Lhis exanpl e an obl | quei nei dence
3'0EC Q002 T FibE £ SR LREPLRubhat FRbe pPoF LLLORNIGhEr EIPRSSEFERR Iae o
Prant or i SHAF ST e B 1§ e e Tnd PP ARARE syst om 118
Syst em 110 Tr ATl 19 AR (21T e A0, VEER 1o ARG IO Ry ce
phot odet ecteRs S AR P Eake AT dRCRUItI N RE ohbHHTRATR Hhe 2111
stage 3 by an auto-focus nethod (including an auto-leveling nethod). Fig.2

shows t he B§3%* obl | gue-inci dence AF sensor 1l17a, 118a within the two-axis
AF sensor; in Fi

2, t f t .waf L in.th
of the projecti oﬁtofﬁi g?igééiéﬁ{'%? E_Eb%maaﬁ%hgléﬁ@%‘Fﬁ%ﬁgﬁsg?ggﬁggﬁdar =
ol oot TR Sy S A 1A Tt ngn G At dotn il 2 Lolera i &y

POt osens! 11 Vi ye hsSl SO O ALRIELSPUL 11LLE"6n8%e DR undSe

measurement points be illuminated by the second beam, and
based on the substrate position information detected by
illumination by at least one of the first or the second
beam, the image plane of the projection optical system and

the substrate be moved relative to each other.
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~'1 in focus position detection, and this illunination light is geggnmmed ’
to the vicinity of the projection optical system 11l via an opti i"ber

bundl e, not shown. This illumnation light is extracted fromthe first and
second em ssion ends 52a, 52b of the optical fiber bundle (Fig.3). In
Fig.2, the illumnation light F1 emtted fromthe em ssion end 52a of the

71 unt nati on <l b B4s08y SevieHARy KR chEdng REEBH, oF LHTL ShoRnTion

illumnation sli one ane conjugate

Sxposurc SURRTTO T THHE: coalar T At Rl €78 “EhER L i BAP) T4 00

area for ey ure by th j ecti j.C S m [s.t ect angul ar
Siposure ST APEGRELET AR e Ry g e
ig.4(a) shows e state in i C e. [ mage .t he um pat i sli a
(aIsolLndg%%i%%r%%154a)§¥sm%i%fe?%fﬁh%%f?gY%§{?§%a é?%t%_ln%aﬁhheexppsure
area . Jus ) e Lm a o e.illumpation slit is .. shown in
Fig.4(a)aﬂ??ﬁéhﬁ%ﬁfﬁ#éwggpﬁhb%Ek%¥%%h%}ogb a plurality (in this exanple,
11) of bright slit inmages Fla to Flk are included. Hence an aperture
pattern 54P consisting of slit-shape aperture patterns 54Pa to 54Pk,

corresponding to the 11 slit i S i 1.0. i rmed as the

illum Eati ongsl it b54a. I—%R\/#EIng mﬁ%ﬁ fﬁés@ﬂ@% re patterns 54Pa
to 54Pk, the illgnina ion |i h% F1 passes through the | ens §5a, mrror 56a,
Vibrating mirror P39 fteRfyasSChERREds Yigvi SROVASS PnPEPJSSEION form | mages
(slit images) of these aperture patterns. Illumnation |ight Fl1_enapating

{ r om t hes coShRPRES cARBREBFS | NEGRSLRr O ScEXATPIE §hrdBsPPECE O KPBAL o the

surface of .the wafer 7, obliquely with respect to the optical axis AX of
the proj ectPEbpeRtal system 11, via the lens 60a, mirror 6la, |lens 62a,

and optical nenber 63a for optical  path.,shifting. As shown in Fig.4(a), the
T ecti on DL of  Eigrodt i8n20PChRRasiE: VirHysboMuad: ShEl Eirst AEMIADE 51 9

3 DEC 20p2.sljightly in the countercl ockwi se direction with respect to the
exposure at®at .cgh%Fc%ﬁ?%?ro+ntﬂégc htral slit image FIf coincides wth
the center of the,expﬁsure ares | U (the optical .axis. Ax of th %rqjection
optical system 1¥}9-THe 1fefl SCOERGLASCY1EN SROWING: &ben§SrPrndopPd2uge-

posi tioned, nearby the optical Fourier-transformed plane of the surface of
t he waf er #n?bﬁ%X?epﬁﬁn ¢nSPRelR Fi¥ny? system 73 drives the actuator 57a
via prescribed dri,ving signals, so th%F t.he E'bratin .mrror. 57 is caused

l.s,
to vibrate with Aif-pPed€r PoOYaePdonoyaLgi k§e BPSIIAPReOdpfi cal axis of
the illum natio .Iigh% Ft, rotating alternaéel in Bhe cl ockwi se _and
count er cl RRWFRLLEY G FEAG ABRYES ARTAAPSCPYr BERAI EOPaFIF TR EoBpt i cal
axis. The drjvi signals, of the driving syste 3 are.,alsq su ped to the
S omal proteterhioRonton; By Firedpatengesbine obl indhr i8r e SHEr AR conai st <
of the optical fiber bundle em ssion end 52a to the mrror 56a, the
vi brating AfPPOFS557, and the relay system 58a to optical member 63a. The

first inverting gptical ,systemconsists qof the mi.rror 6la (th is, a
si ngl e-face reflg&HPng H@nﬁeFPngﬁ@%Pﬁé YAEY: RDoWing b H§%ﬁ@ﬂher 61b
wi thin the second, AF sensor of,Fig.?, ges ri bed b8|OML [ FL .2, the
11 Ui nat | BRAFRGHEC FEORFRAFABEPRGOERERS L EE BRY: RECRRRePPYAliESes
t hrough the ogéical nenber to shift the optical path 64a, |ens 65a,

two-face reRFLELENRG HENDBERSBES! I ens 67a, and a device for optical axis

adj ust nent consi st.i ng of, parallel-plate glass(called herein 52
J Fig.QG ispa %rawin% s oding ehe state of Jlbration of

two slit images projected onto the same measurement point
from the first and second oblique-incidence AF sensors;
Fig. 7 is a drawing showing the state of motion in

opposite directions, due to modification of the optical
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~ 3 UEC 2p02 as "harbing"), a plurality of slit images (these areld BRC 2002
called Fla to FI k) are refocused on the |ight-receiving face of the

| i ght-receiving sensor 68a. The two-face reflecting nmenber 66a is a nenber
‘whi ch causes incident light to be reflected twice to deflect the optical
path. Fig.l7(a) shows the light-receiving face of this light-receiving

sensor 68a..,d i I . n .. conj 1 area |U
of Fig.4(c), 1S al'so shown.’ this TTght-recervin ace are f-orned

ysted c?r Jﬁrﬁhaf‘ gfeﬁwé L%?llﬁ ﬂ{\é&g&f. %i% %{é‘& &ﬁ?c?sé’ﬁ@
slit-shapegd... 7 € it 4 s Flato
Fl k: at t h%%%??%gnéﬁ%ﬁ?'%‘g@%%%rfﬁéﬁ‘égg a%ﬁh"teso15 7%'3‘?%‘?%’?‘# xée%i Gal |y
i ndependen i S er photodetectors 68aa to 68ak, and the
detegtion %?é#é%é?%ﬁﬁﬁn&éﬁféﬁ%iodgtectors 68aa to 68ak are supplied in
parallel to the Lgnaé rocessin conbroL sy Qen1 2. 0of FEi .g, The_sjgnal
processi ng contrgf Sy t§ﬁ1?2 EOWpPIse onggu§ Bi 8Gakf ¢ n@ﬂ 688u§nrtaﬁifier
circuits which ectify t hese detection signhals, .independently,.in sync with
the dri vi RPE AEFSSHRe QNG 50| VAE REFIOR B9 EREOCH (RofdtH #F vi ng
system 73.,_.The plurali of focus signals output fromthese. synchronous
r)écti fier Wi cﬂ&ga%‘? efiﬂp‘%ﬁ%%tf%nt %%ch‘ﬁ?r ltéleW%%esiO%r%?e#%c?I?mf%r e,
t he above TTR AF sensor 8-10,. 17 iS uged in adyvance to.performcalibration
of best-f ol FYL MARIr RNt | RO1P g E‘Ei'Pfgll"e FrEhAPLRPERLE nark nenber
8 of Fig.l Jis.noved tp.the exposure area of the projection optical system
11, and mﬂ?Wf%%ﬁFT+Rﬁﬁ9?ﬂ%ﬁeﬁfo%%%%%r%h the surface 53 '13 DEC 2002 a of
this reference Ik nmber 8,. the signal rocesiin ntrol ,system 72 of
Fig 2 adjusts thBifot 3t A8n2alGREIBE HREINEPLEXBIRGR BRI RSEiA% STalifBst ment
t'o performadjustnents such.that each of ,the focus signals.is g. art from
this. the TLVEF AR SSCENY IRYErFIRAORTiraT SYFCERE PORLEL PSR v HED I Be
stored as offsets, and_.the correspondi ng of fsets subtracted when each of
the focus SREREIEST AR SEF9 qRenon LAENGE A FEBIRFDF i ng
calibration in this m? , .the level.s of .these fgﬁus signals ar
approxi matel y prgbgrt'ﬁnéﬁ fodrRW1RG,SBPWARINPERET Fﬁgmg E8s°5nt o whi ch

each of the slit images Fla to Flk of Fig.4(a) are projected, that is, to

t he defocd%?mﬁﬂ%ﬁﬁﬁﬁ#% ? oh?Yﬁ5t+ﬂ%g%p€}gﬂﬁ(?%ﬁt%%iﬁ n%asurenent poi nt

(best -focus posi Lonsi However , because neasuregent errors naX radual |y
occur in neasurefiidef bdudfng §ﬁﬁUﬁP§ ﬁﬁ@wﬂBgtﬁ&lgifBESgroFxﬁﬁB ?glﬁ i nation
heat of the illum pation_|light for ex osur e and the effects of drift in the
measur ementORRIRRELIQRS { fE %ﬁV%@BgB? PPEEFRL FYSFEMRkcessary that the

obl i que-i nci dence, AF gnsor itself be calibrated riodically, in such a
way that throughBi-i 12| ofiepedTa¥ g, FheWiBops¥embles RE| Agfthalestery
systemis fo d fromthe optical nber 6 to.the light-receiving sensor
S5a and ¢ HESHLESH HOS THEMSPE i § 090 RERCENFSLLPGRIDS BEMIPRy S99 Bm and 1 he
signal progcessing contr % system 72 forma light-receiving detection system
i1ga. The VESPaEaCs A PELeT hEPehePB6a 54 . - 13 DEC 20-,' and the
mrtror 66b {single fa refl ecting er) of. Fig.3, described below, form
a second invertihégOpﬁscéF §y§§8ﬂnc$ﬁg¥c§ 8UFH§igHeuﬁmeR#FhP the contro

device 110 of Fi cal cul ates the average, def ocusi unt ,of the inmge

N g a
ol ane on (PREERF19Re HF TRLS (AFRFCY: | FOF RENEXPRStr Bt aPERLPERAAT t he shift
angl e of the average inclinatjon angle by usin for exa e, the
oast - sques L ER R  OF caf cob D et P akSardotSnl BF pPRsShr BEFBCus: ng
amounts, and drives the Ztjlt siage 3,s0 as to cancel out these defocusing
anmount s anREERPFRLNG @R ntREREYRLAPARGE Lnet fREEKY focusing the inage pl ane
on the surface of ,the wafer 7 in the exposure area |U Qy an auto-focus
method. During eXpdsuté &Ff Baf8Ra¥WAHO Sheylng PRE GXPBPLE ofeidSr SHEROS of
def ocusi ng anpunts at each neasurenent  point are perfornmed caontinuously at
a prescri b&HERaFHNE ngn r 5he, £3RES hRQB YL 4Nt RRABURRHSHE eRERPL vAPLeENBhe Zti I t
stage 3 is driven by a servo nethod to continuously perform focusing. In

this exanpfase05cRBrECHBINGUEe] HbFrakier AF aBneBl1qyeningidgnre PBsiti oned
in parallel with the first obliqueincidence AF sensor 117a, 118a.
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Fig.3 shows this second oblique-incidence AF sensor 117b, 118b;1ﬁnDECgmm2
parts corresponding to parts in Fig.2 are assigned the sane synbols, and a
detailed explanation is omtted. In Fig.3, the illumnation Iight F2
emtted fromthe second em ssion end 52b of the optical fiber bundl e passes
through the lens 53b to illumnate the illum nation 55 13 0 E C 2002 slit

oab. P19, Ao shous, Lheo st flen o PLET PRLLODS P na0ed FRESCABLEO el cat ed by

54b) of thei on an area inc € ekposure area
U, as sho by this_proj ed | ,inthe illumnation slit are forned a
plurality %§b¥$k§t%ﬁ%ﬁ%éggéén§¥a%€g$%foned approximately with axia
symmetry with thg.illumnati,gn_slit, 5 f first AR sor., ln Fig.3,
t he iIIuninationgﬁﬁghggkﬁ?wﬁgcﬁ R&§t&§§s§8t?ﬂ§oﬁﬁﬁgPﬁgdi?ﬁ%ﬂiﬁ& ESER
54b passes_through. the lens 55b,. myror, 56b, vibrating mrror 57, relay
oyst om seba REHERLEPE SErThe LI dhearsrethind erteriopotvere §or
image). Illum patipon light F2 emanating fromthese aperture pattern inages
: F . .
projects sttt¥+%nges F2a to F2k onto the surface of the wafer 7 as shown in
Fig.4(b), obliquel.y with respect to the.optical .axis AX of the projection
opti cal . system 15101 15(RA R8né BABNG: WiGH. FOPHALE FhenFRTGreBeh TPeks 62D,
and opti cal nenbeé 63b_for fgh%gal path shifting. The direction D2 of

proj ect i oMgRPEhReS P} 1Fig~g &s F2a to F2k is inclined slightly in the
cl ockwi se direction with. respect to the exposure area | U The center of the
central slit inaEégFZ#GC&?néigé?“ﬁ?ﬁhefﬁgaégﬁpgrt FRECeLFosure area I U.
The vibrating mrror 57 of,Fig.3 &s used inp gonnnn wth.the f%rst AF sensor
of Fig.2; YRECEHPIPLRT FPBeiMBARIPLARA §RPBR-ERGUS2BOESTAPR) oP I 58D,
viirbrating mrror 57, and,relay system 58 to optical nenber 63b formthe

T ght tranBFPASFbiod,apEirat 78ySEEn using ppBROEYRRGRA(SFNSHBHS ¢ he ot at e
in which the slit ,inmages Flg to Flk of Fig.4(a) and the slit imges F2a to
F2k of Fig.4(b) Er8-cofPneds PndFPﬁFE@bf%OVﬁQgpF ebéﬁ%ﬁ??ﬁ%%@ﬁﬁ 9 D1 of
the slit inages of the first AF sensor and the projection direction D2 of
the slit i|PelERr o8RRI sELBnd2AF sensor intersect at an angle of from10 to

40 approximately (in Fi.g.4(c), approximately 25). In_addition, .the

measur ement poinFégatlﬂﬁg)céﬁtérggéwlpﬁeSQP%an?tpﬁh&ég FECEMAINE i of
the ffirst AF sensor, and.the_neasurenent points at the centers of the slit
i mages F2dSeR9PT €%b of FRd-sdéond AF sensor, coincide; and the straight

| i ne passing through measurenment points at, the centers of the slit inmages
Fid, FIf, Fli isFa&9st 18 dft ¥ AFEViRgr SPrELngG, AheTy eXamPieso 0 ts i ng
direction), which passes through the center of the exposure area IU All
the slit i|hRGREIRYAEEIPRKOENEIR2ASPECEPK are contained within an effective

field EF on the inage_pl ane side of the projectiaqn optical ,.,~ system 11.
However, if for &t8mpt Fﬁc@ssﬁ§§pﬁﬁ&ﬁsvgﬁg showing one exanple of a

projection exposure apparatus of an aspect of this
invention;

Fig. 20(a) is a partial cutout schematic view showing
the optical system of the projection exposure apparatus of
Fig. 19, from the exposure light source to the exposure main
unit;

Fig. 20(b) is a drawing explaining the effect of
position shifts of the first illumination system unit 203

and second illumination system unit 204 of Fig. 20(a);
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read in advance at the time of scanning exposure, some of theseqsy i}t 28ffs
may be illum nated outside the effective field EF with respect to the
scanning direction. AF sensors for which advance readi ng of focus positions
is possible are for exanple disclosed in Japanese Patent Application
Lai d- open No. 6-283403 and in the corresponding U S. Patent No.5448332; the

?L;Stiﬁ:&i permi fida 2353 %5 g R ARE ORRN REC IR "R SES Gt e or
3 Bet 20 . |
?ﬁﬁ&%%ﬁ%ﬁﬁ%ﬁﬁ?@g°%mm%@%a9

passes thrgy % t@f gptlcal menber 64b to shift the optical path, the Ilens
65b, mrror % ens 67b, and the harbing 51b for optical axis adjustnent

abel o0 Faa (o PRy~ afbtP3i Euachzant: Natr! gl 9%@%Ytﬁﬁggth%9a§§g BRibhe°°

| i ght-recejyvi sensor. 6 ha i g an har bi ng 51b of
f o o i GE0E hyebn 073 8k Pkt 3%1 % 5191 %aihom i
Fig.l7(b), slit- hapeg ? rtures Qba to _70b [ae it Ee .

i oht S okeiving Eaphaca TRl THS phAPRY3el RhoRifigo PR Ragr a8 AdEr « ne

ref ocused sli mages F2a to F2k. At of these apertures 70ba to
bk ar o St %h?%h Fo REShanbant HhE: SaEeh CPhrec sBbae *Fo Gabk,” ana the

detection S|gnal Pg hot o etectorsh68ba t o_68bk SYR! Iied in
parallel to the Bna gﬁgcggsﬁngrégﬁpﬂoﬁ §V§P8nﬁ?ZCSPS§F5e§ %Hepgfﬁnal
t rol t 2 d h the f t AF

gﬁﬁcfﬁZ'Bﬁaf°€t%§h%$ FER 8 gvéﬁttégoata+aeﬂ““y $2l8)fying these detect! on

i I h I th the d f th t, 57
T e
sensor, immediately after rfor (] I|b ation usi t he TTRg ensor
10, 17, PRRITey 198 %?ttﬂgﬁeSY% 1968 urtet, 1 4o Blehacety

~~. 3r?~" - F h Bro ortional to the anmpbunt of defocusing
of t he |naﬁ%p%?5n% at eﬁcﬁng?nt @z eRARgy p0|nts in the areas in which each

of the slit images F2g,tq F2k i F| 4( are ected t ha

neasur enent p0|n 39- Tﬂé &StﬁcﬁFﬂﬁEﬁg gﬁ wt3 ﬂlGhFopeggiﬁpﬁﬁlsensor
68b and the_harb of Fig ht-rece|V|n yste and.this
ght -t eceP TP AG EheR CATBREUFh o BPRRAThE, SRBBE G oftr QLELGRRRNF FONLBIm
Ilght-rece|V| detection system 118b. The two-axis light-transm ssion ""
syst em 11785¢ E%Vb SBt this exanple is fixed on a conmon support base (not
shown), and the two-axis light-receiving systemin the two |ight-receiving
detection systens 118a, 118b is also fixed to a comon support base (not
shown). As one exanp a_f cql ol di h | on optica
system 11, or a nenbé%sgrnggggo%ngééggﬁP@ ﬁﬁhﬁq?ﬁigNﬁﬁﬁhg%&hay be used as
t he common support base of the lighttransm ssion system or of the

li.ght -receiving systen1 or of both. The calculation unit wthin the contro
device 110 of Fi can_cal cul ate the av g defocu5|n ampunt of the

i mge pl ane frongFﬁgwéuPF§é§r5thﬁ§ %@ 0% %PﬁﬁlﬁnWﬁ@ g?ﬂb?ﬁfe area 1U and
the average _shift in |n£I|nat OP Qg ¥ for exanple, processing by the
| east - squat BRIALERAy FRESHFLPEI FRy Be AEFBEREFng anounts detected by t he

second AF sensor _117 18h. Vi n the Z-tilt stage ch that these
def ocusi ng ampunfd9artds HVFt§%FhS| % 89“&&@P§5§l&% ot e

projection exposure apparatus of this example; in Fig.1,
illumination light for exposure emitted from a KrF excimer
laser (wavelength 248 nm), ArF excimer laser (wavelength 193
nm), F, laser (wavelength 157 nm), or other laser light

source 35 is shaped into a beam with a prescribed cross-

33



59 ~''~' -~~~ ~13 DEC 2002 cancel, the inage plane can be fof3sBEC200Rhe
surface of the wafer 7 in the exposure area IU. " In this way, by using in
this exanple either the first oblique-incidence AF sensor 117a, 118a or the
second AF sensor 117b, 118b, auto-focusing can be enployed to focus the

i mage plane of the projection optical system 11 on the surface of the

e ) AR fd 16 WL HELLE AR oReleE, e tged Lo

performc ot hér* measur errors 1n asur enent

val ues | ’Vieinosreisgi ti@ 'l._kpefcpreé r@é*rﬂf@%{%é@@c}_&%%t A EHSEP chrpd the

optical systens of ‘tHe ‘AF sensors Ves. e above fi1rst

nvert ng 0Bl ieale MR SRS AT O A RN tubalace LAl seling, reqper

61b), and i nverting ‘optical” sys Wwo-tface re
nber 66 d th i 66 I th I f ti the drif.t.
el ow, L@ FIEATIE D of Tarer Ayl A9Gree e RN "Frald e 19 o
| ained.. First, th i brati di t] foslit i the ',
wat er usi M AHETH IS TAEPC ROMEDHT it IR e Paratfior F4 expl A ned,

referring to Fig. Fig.51is schematic vi ew show n I of the |.ight
{ransm oo SR 9 T 2 HOALSTORG bras @598 o et g Liafely i, fife
splitter BSV jis arr ed_virtu to showthat the slit jmages. Fla to Flk
ohd sl it iRl FRA o\ te LRGSR Lt bR R R . in Fig. S
an apertur attern 54P is formed on the illum nation slit, 54a, 60

2 el LGS ehe Fnifeed T o6 Sy Rhut b A pTEIGE whh P s
axially symetric with the aperture, pat n 54P is forned on the

1L i at MEGE 190 4P | TTRI S SORATE GHE LI th X THCRRE (HFRRIHL ¢ hese
perture patterns is caused to vibrate in the direction VD of the short
edge of tHeP PE§T LA FREH ARRAEA DI ¢ THE ML tTS4Pk by the
vibrating mrror 57, as, shown in the aperture pattern 54P . 1I|lum nation
light F1 f}oHMRaron petght v r%ﬁ?%ﬁ@??‘i’sglﬁfg W e fFtestres Fla to
FIk onto the wafer 7 fromthe ro'gction direcﬁion,Dl .via_the -- optical
system from t he WB?Bth?s§BHF§g£ % £ReCBBRr cal LHBHPRF1Bgal1ghY
illumnation |jght F2 fromthe other illunmnation slit 54b projects slit

i mges F2&P3H P I RRr e f‘?%rﬁl?‘ﬁesrﬂf%'f%‘&t?%rp%ﬁ§%£tfr ¥ via
the optical, systemfromthe relay system58b 1o the_ optical, nenber 63b.

Her e, "t he §19 ﬁ]rﬁ'}ﬁat%%ﬁaqc;g}ﬁ ﬂc%%%‘g PR RRgh T He H¥Tore 64SPE 62 2) whi ch

is part of __an jnverting. opt] | syste and so vi bration, direction VD1
of Phe s| jfhe i{ium{na in i£§ t romr%umerous f{ght-source images

formed in the vicinity of the exit face of the first fly-eye
lens 27 passes through the vibrating mirror 26 for speckle
removal and the lens 25, and is incident on the second fly-
eye lens 22. In the vicinity of the exit face of the
second fly-eye lens 22, in the optically Fourier-transformed
plane (pupil plane) of the pattern plane of the reticle 12
for exposure, is positioned an aperture stop plate 19
consisting of a freely-rotating turret plate. In this

aperture stop plate 19 are positioned various illumination
system aperture stops (o stops) such as an ordinary circular

aperture for illumination, a ring-shape aperture for ring-
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images Fla to FIk is reversed fromthe vibration direction VD ?b hEE 0
aperture pattern 54P . However, because the illum nation |ight?2 sgmg
through the two-face reflecting nenber 61b (Fig.3) which is part of the
‘first inverting optical system the vibration direction VD2 of the slit

i mages F2a to F2k is the sane as the vibration direction VD of the aperture
pattern 54R . Th ffe of this,onperat.i 2002 is

expl ai ned,ﬁ}%ﬁ?%rﬁfﬁhrgéﬁ%?%rglf%r haggéélggln%%ef%‘? @?ﬁﬁ%ﬁges -FI £, F2f

il lumnati t he sanme neasur enent int.. Fig 6(a) Is an expan Vi ew

show ng t ‘f'?’(n?%%scﬂsfl,s 9 o‘?Pl‘—éf gp ]6%1#1‘@ %\gf%crac%r.‘t Jhc% 6(a),

conj ugate | es of e slit-shaped apertures 70af_and 70bf_(also called
apertures 9% ?éﬁ?ﬁ]; c%?‘?’é%"b% i TS oﬁ?’f‘lee)féi1 ?e%aeﬁ’?ﬁ%e spe‘%wts%r?fs 68a, 68b

Por i br atBPI RS OB T QLtohch 7 Skt ¢ ur B A biS TSR] ver y,

1. . and signal s pobtained by photoconversion of_the quantities of ~| |ight
on these a‘b‘g‘?tQﬁ%%tWéf&%O%]fﬂH?Jen%%%rmmyaP%‘W § W the driving
signals of the vibrating mrror 57 of Fjig.S to pbtain the, focus sjignals

cor r espondTHGF FPYMLLRT | 1O | BIRReT Hred ¥é§hm¥¥ﬁﬁﬁﬂﬂ ¢ AN R Vi ati on
direction VD1, of _slit. Fl illﬂﬂination,ligﬂi F1). and the, vibration
directi on SBRLGAL Path é??l WA R PR ghtIb )by kot aGERY eP® as shown in
Fi g. 6(b) and éc), if the inqgghglane IS essentiallg focused on the surface
of the waf¥eHtu¥fStoRRLIAFE thd BNud"eR%0%| AP0t &i netR 3™ synchr onous
rectificatjon are opposite, In Fig.6(a),_the slit ipages FlIf, F2f are

r epr esent el B4R EFQR CEORYL OIRMFBHEFR y2 1 but PHh BR1%INERRS ¢ hEh® wo
intersect at a spall ang%e of .intersectjon..The vibration directions of the
two are estRVERSITY dhpbeihetian (A1StriRRtionOt [ARRRETERRL Al §IRE)

descri bed bel ow. The curves, dFl and dF2 in Fig.Gég% represent vibration
with phase®B2illumimatien Zhight QB (R FORRiehatr S toEm | P3RS nERERRL | i ght
F1 and F2 (opposite ghase - the horizontal axis in FLg&E(C) is time,t, and
the verti cl2B&) sif sthfelH WptBREHIMORLGAH t FeSheRerthat pif ¢ tthe size
nmeasurenment values is explained, referring to Fig.7, for the state of

Fig.6, for2RfeShare oh aPtanaerlight SRTESE hEWdeiimensipRabptight system
up to the |l ens 60a of Fi%:Z and in the optical s sten1q€ to the lens 60b in
Fig.3 are IWEPFatetOrlthing b RWRRERTDN LERF IXUHPT N39St hePHAFd by
deformation or sone_other factor causes the aqgle of vibration of the

vi brating E??r%?°%¢d0$1¥T%Y? }%p%h%%gep%& be médified according to the

pattern of the reticle 12 to be transferred onto the wafer
7. The shutter 29 is here the rotational type, but may for
example be the slide type or some other type. Also, a
double fly-eye lens consisting of a first and a second fly-
eye lens 27, 22 was adopted as an optical integrator
(homogenizer), but a single fly-eye lens, or three or more
fly-eye lenses, may be used. Instead of fly-eye lenses,
rod lenses (internal-reflection type integrators), or DOEs
(diffraction optical elements) which cause diffraction of
the illumination light to superpose diffracted light on a

prescribed surface, may be used; or, a combination of two or
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an angl e equival ent to a displacement Qd on the wafer (fﬁ?émaﬁfplgEeqam is
as seen fromthe |light-receiving detection system 118a, 118b)," th

positions of the slit imges FIf and F2f at a certain tinme are noved by
‘and -Qd respectively, and nove to the positions QL and @, indicated by
dotted lines. In actuality, the slit inmages FIf and F2f vibrate in opposite

on' the el T, 2l SR e e e ke L

nmut ual |y ' ' y an amount Ad, as shown in Fig.7(b). On the
ot her hand, |§k?%%q£)§?%égg§ 1g.6, in the case that the focus position in

the vaf et pl ane hgod pphaEEdc Um0 BIPUNRACER, 38, PbQUNCK ELOGHADEY Lhe

i1lum nation positrons o nafi on are noved

anounts Oh as seen o] he, light.-receivi i system 118a, 118b,

I ndi cat ed %e t]fsfaenspo{s;‘lr ta}r%(%spﬁs%;]ﬂéhle%ggh Eﬂ? %@% SF%Ss]‘beg@t ively. If
the angl e of i.ncidence of the optical .axes of the illumnation.light F1, F2
on the valeTEe 1R, RIRTET N TRT9 it PR ST 5 Got oY RAVIRE 2 2czisi n6

(1) low reflectivity of 1% or less, and then passes through the
illumination optical system 49 having a relay lens, reticle
blind (variable field stop), condenser lens and similar, to
illuminate the illumination area with the prescribed shape

s of the pattern face (lower face) of the reticle 12. During

exposure, the image of the pattern within the illumination

area of the reticle 12 is projected with magnification §

(where $ is for example 1/4, 1/5, or similar) via the
projection optical system 11 onto the surface of the wafer
7, of silicon or similar and coated with resist, as the
substrate. Fig.l shows the state in which the reference
mark member 8 (described in detail below) is in motion in
the exposure area of the projection optical system 11. In
the following explanation, the Z axis is taken parallel to
the optical axis AX of the projection optical system 11, and
in the plane perpendicular to the Z axis, the X axis is
parallel to the plane of the paper in Fig.l, and the Y axis
is taken perpendicular to the plane of the paper in Fig.l.

The reticle 12 is placed on the reticle stage 50,
which moves freely in two dimensions, in the X and Y

directions and in rotation about the Z axis. The two-
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As shown in Fig.8(a), the positions of the slit inmages FIf and,mR2f n
anbunt Oh in the sanme direction, to the positions QL' and @' 1§§Dg§?2@mgy

the dotted lines. In actuality, a value obtained by multiplying the
di spl acenent (here represented by x) on the wafer surface of the slit
| mages as seen fromthe light-receiving detection system 118a, 118b by a

cooffi ol entskiah510428 BELLUBROURR RS FBRAMESRCBhoNALYe ({aLshae | gcgﬁe

posi tion on Elnp |th : t f

I neasur enmen v o]
the't ocus BReCRibd” ¥RITEnGY bR EES f%@h§?st§§a§eﬁ o P alEeErbey YI:m s

t Si s on

wter 7 afﬁgg?t iataiasl iyt N 4 Fﬁ8m8ﬁ8ﬁ]§,20f;ﬂ aRBPERef ¢ he
for the o Tbd] Baggdroh Ehe| BELTETE  §RYBRF =¥ ndteRcTradurrire ?%52}1%%5'&58“
L?rthgeszl S?%IO or ?Ee 53 ( E%Fgg chane s by %CF Ogé i's
in the sta 7 602 deyife Fi aggﬂggg £h aﬁfﬁ ﬁ@ﬁtg he 8El§ Eh t hat
~fdl =OF d2, %hen g&e ave£€gedvalue of both Hrenent Ets <~f>, and the
average vaPhddes B Vifle LiViBIQURLEr 2882 GPPYBr AR fQethet he two

enent val ues, ~are,as_ fol |l ows.
reasur t%on vélocsty as necessary. On the pattern face of the

reticle 12 are, in addition to circuit patterns for
exposure, alignment marks 43A, 43B for reticle alignment,

A and a mark 100 for focus position measurement. The mark
100 comprises a plurality of L/S (line-and-space) patterns;
the alignment marks 43A, 43B and the mark 100 are positioned
at positions within the field on the object plane side of
the projection optical system 11.

The wafer 7 is held by suction onto the wafer holder
6, and the wafer holder 6 is fixed on a Z-tilt stage 3 which
can move in the direction of the optical axis (the 2z
direction) of the projection optical system 11 and can be
inclined (tilt-driving) within a prescribed range. The Z-
tilt stage 3 is fixed onto the XY stage 2, which is freely
movable in the X and Y directions on a fixed plate 1 by
means of air guides and linear motors. The wafer stage
(substrate stage) comprises the Z-tilt stage 3 and XY stage
2. The two-dimensional position and the rotation amounts
(yawing, pitching, rolling amounts) of the Z-tilt stage 3

(wafer 7) are measured by a movable mirror 4 fixed on the Z-
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<0f> (Odl+Ofd2)/2 - ~(Oh+~d)+(Oh-0d)}/2 = ~h (2) 8f = (O dl-Od2)/2 -
~(Oh+~d)-(Ah-Qd)}/2 = 0d (3) In other words, the average value13~ﬁﬁcggw2he
focus positions Odl, Od2 nmeasured using the two illumnation ;. TI

beans F1, F2 (the slit images FIf, F2f) projected onto the sanme nmeasurenent
poi nt represents the actual anobunt of change in the focus positions on the

surface of¢ihe y@{fE T amdby e RYEEAUEN VL EErSheér thecshdt PECRES et veen
the focus positions ~fdl, O'd2 represents the drift ~d in the freasurenent

val ues ar iéiIE?shéf %&é{}f@fﬁﬁét@f?%m StRés &l MbafirémedtieyLDiéL 2!

menbers of either of the first or second obli que-i1ncidence AF sensors.

Hence by USid%deroT et e | 11 AEAREOD LG bobPaNn Fland2i! | UM nati ng

t he sane nmeasurenment point, I n the neasurenent values arising from

opti cal e so 8y e OPL glifey N5t URSEFoAFoEoRRET 11T dfaeayd the

. e
change in e act waf er positron, can easily an ac%urately be

separ at ed. i . i L g. ' nd.inverting
opti cal syg%é;fn%?sﬁ)e%?g%%{l C n@?%%g%‘%?h% ?%-‘F%g%ﬁ?%??éeﬁghgnérgnber

a of the rst AF sensor and the mrror 66b of the second AF sensor. By
66a of theg é%ﬁ' dth ' b of th d

thi s neans,

During exposure, in cases where scanning exposure is
performed by the step-and-scan method, after step-movement
of the XY stage 2, the reticle stage 50 and XY stage 2 are

T~ moved synchronously in the X direction (scanning direction)
with the projection magnification B as the velocity ratio,
and by this means the pattern image of the reticle 12 is
scan-exposed over each shot area of the wafer 7. This is
also possible when performing step-and-repeat scanning; in
this case, each shot area of the wafer 7 is exposed to an
image of the pattern of the reticle 12 in succession while
step-moving the XY stage 2.

In order to perform such exposure mount control during
exposure, illumination light reflected by the beam splitter
18 is received by the integrator sensor 24 consisting of a
photodetector, and the detection signal of the integrator
sensor 24 is supplied to the alignment control device 16.

In the alignment control device 16, the brightness of the
illumination light on the wafer stage is determined from the
detection signal, and during exposure cumulative exposure

does is calculated as necessary, and the calculation results
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13 D E C 2002 even in cases when for exanpl e displacenent occurs due to
thermal deformation in part of the lens 67a and harbing 51a qr3i[]F_ﬁ IZ&[\Z ens
67b and harbing 51b, and is acconpanied by drift ~d occurs in the

measur enent val ue of the focus position, by determ ning the average val ue
<0f > and the average 8f of the difference in the neasurenent values for the

) um nat i Sgob1 4 £ 2 DBRERo PabbEcaDEYE, CdopdZiadad £RY, the drift

al one can ccurately separated. above principle of tthe nethod

o SPGB 0
1 8, iftqd ' inat j its.54a, 54b
>ensors ﬁ?u#{l&ﬁ@eé&m?f&frﬁﬁx‘?ﬂzét 118 I:Qﬁtﬂaif% p’cﬂ t{:ﬁxgul\f;%\%%ﬁ a

(bl ock 14 uatrons In e vibration cen 0 a?ing mrror

Pl e s efpdsnf  houdl bDeRE ulfer IS 20 CpbPGp LA oxposure L

of the second %ight-transnission system (bl ock 144); then if 1 the above
first invelTIn ‘optical systemis absent, then the illumnation Iight F1 of
the first AF sensar, of

sensor of Fig.3 &g’iﬁﬁkﬁgégg%gi%gfgé%!%ghgﬁh%ﬁg &g?ngF% ﬁgggga§g§QPﬂeAF

arrows DAl and DA2.in the 'guye. Thf follown 19.9(h) _shows t ag t he

11 o nat | SRPERRGAEY ohn BT Brareien YhESoREEEPPRThS) alipiRehbooe

7 oot e B LG R85 DANEIar Ry A8, RabCaih af 047 Bl b,

system (the, M EL2" 581808 et $Or /18 Rt SL1 ECLL "EnEPEBE 81 Phath of the

~ illumination light. By this means, illumination light

which has been emitted from the laser light source 35 and
deflected by the shutter 29 passes through the lens 36 and
is incident on the first branch part 10B of the optical
fiber bundle 10. The exit face of the second branch part
10A of the optical fiber bundle 10 is positioned immediately
before the light-~receiving face of the photodetector 17
connected to the alignment control device 16, and the other
branch part of the optical fiber bundle 10 leads into the
light-receiving/light-emitting system 9 positioned in the Z-
tilt stage 3. As the photodetector 17, a photomultiplier,
a photodiode or similar can be used. Oon the light-
receiving/light-emitting system 9 is fixed a reference mark
member 8 consisting of glass substrate which is transmissive
with respect to the illumination light; the surface of the

reference mark member 8 is set so as to be positioned in the

39



{block 145). Fig.9(c) shows that, by changing the wafer focus qgfk&kfn e
(block 146), the illumnnation light F1 and F2 npbve in the sane 2002
as indicated by the arrows DBl and DB2. Fig.9(d) shows that, by placing in
the lightreceiving systema second inverting optical system (the twoface
reflecting menber 66a and mrror 66b) (block 147), the direction of notion

of the ill ygjpa 1gﬂe|hgh?hglngfaE8 QE'onra@QaﬁEdi'Eeggf Befl eng%tg?hdue

to changes In t | ocus pOSItI on are rever as |n I cated

arrows -DA] 2 %EB%ﬁ“Q? gfgpgiﬁ) ofhens {Azby ggegl ft occurs in the

optical ne t rece|V|ng Systéem a (block 148) and

when drift OCCUT 5l Q%gs%%%@%tkﬁ%hgﬁﬁl %¥§t t.%?q % ock 149), the

i mges of the i |10 nat move € samne |rect|on

d d F h f

Lﬂe'fa}e.|Péﬁ%ﬂgfﬁééfﬁﬁhﬁcée?9 iR sy ek 9. ifhin, EnblEotELE 8 %éﬁééé?Poﬁ

f th [ t d t th [l,th br at
S.rec?.znsﬂg?-?%sg?néggé Bi&pRov iR RSP EoR R EERPCE maXE Bembbl®prafcane
f h h f d d f drift
opti car ehbar L ELnec By §8E§tP?§L?§g fﬂ§9ﬁe§%§r%§%ﬁ% Sapaiéh~¥hl and ~f 42
for focus tion ng ﬁ Lng |Ilunlgat|o ght F1 and 1
respecti vely rkﬁfS gas ?2# gnﬁeigf NERaRgE eL 3/pék 288£°Fﬁmﬁﬁ8 4ct ual
focus position_and drift ca be ac rateb¥ arated As ﬁﬁg g above,
prolectlonsgPaFﬁeSQFPF ?Rﬁﬁ uﬁ?fPS FhB PFrB Aﬁlggﬁgoﬁna ds| it

F2f af.th d AF_s t t f

LS???.ons 9eaw,Easﬁéﬁ?o?ﬁearawsnsaapeﬁ rsi%%éﬁ%%”me%%ﬁe9§af§29$C Hovevor
ih order to form.nmore st asur.epent s gr exanple the reference
nark nenbepog %éﬂnﬁg fiBvat ?8 FHErgﬂﬁgsgﬁ abgx BFetHQ bPEPeEFi &R 5BEi cal

t : waf the, slit FIf,
£51  pro ccleliePRGHOBCONt § bHEOSEREPEAPPa a”%%efﬁﬁgﬁeweﬁsﬁ@b SBFK URBmber

8 and the éesgsétlv? focgs BOSI |ons measyr ed. |§Ege5|rable t hat the
drift add 8%hd afeb BL19BPSPL: 8GRFQF /t HESHEL ﬁpe PYval ues at ot her
conmon neasur enme t i, N F| G), I t .the neas me points
at whi ch the sl i 1I9Ih(§ l&ﬂ@%"éﬁ lsyﬁ%“hé é’gemant
poi nts at s _Fl ect ed for e |l e
aver agi ng 25é?$ftéigﬂmlﬁ 10Enhi@5% 5? %HE %BP&PFﬁgf%lFﬁgdnéﬁgﬁrenent
poi nt drlf ch of the t polnts.o slit images
Fla to FIk ﬁthFF? ﬁﬁBEE ?25tr§8§ %SEB pBBFéEF%dgégg “Bgigrﬁpned
Where the neasure 88 Qh drift thyg detgr gd iS C ncerngg
exanpl & pePPBFﬁanEB?? t the PAEEPENIPA ARG EBA PBFeHe Pes 158 5P Fi o1 in
whi ch the vgium subt ract ed fronk 3& geggure 80|nt of the 68
15 b E ¢ opobtitipnte Thg PekEEpRce maRk G666 the rerausbge Batkch ~
neasurenen&eggegtao%rthetﬁecgogtéﬁ g%gsgr, g%%i&g%ly, illumination
/ light from another branch part (not shown) of the optical

fiber bundle 10 illuminates the other reference mark 8e.

In this example, illumination light is from the bottom side;

of course light may be incident from the reticle side

instead. The illumination light IL passing through the

vicinity of the reference marks 8b, 8e passes through the

projection optical system 11 of Fig.l, and illuminates an

area including, for example, cross-shaped alignment marks
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measur enent val ues for the first and second AF sensors. have the.‘?' pE; ?@
renoved. Apart fromthis, the angles of the barbing 51a for opti 2
adjustnent of Fig.2 and of the barbing of Fig.3 may be changed, so that the
drift 0d" of the neasurenent val ues cancels. Subsequently, the effect of
this drift ~d is renoved, and so the first and second obli que-incidence AF

sensors capsRe Hsoh O hECKSIBFe! 10° PrANG1 QNI L NE: YBh eha SUEEAEENE LD
f) %

hi gher precision. At t time, the first and seéon I que I nti dehce AF

Sensors cag, @@mge@?%%geu{%én&fémgmsft*eﬁeeégegyﬁsnefﬂgfgsz;;gofw t when

determning th ere Is no re ronin roughput of

L Cpoint SR e o P DO TR e | 3%%&#?%%%‘&9&5?%%%5?%“

oL e £ g T Ehan o SEGRLRGERE BBy BT
e Tocus Ot Lgflse TN G Lok R RSRRHLSIB ) oL B 50507

is renove Fom e neasurenen T hen f o tLon
can be detect th h Wi t hout . correcti or_dri t t hese
common neé%ﬁr%ﬂ% €B|% ef %ﬁif%ﬁﬁ a9 RTSaR EgﬁﬁlﬁleTﬁ% f $

Lvertino RtAEsLy éz%ieazg”ﬁr%ﬁt PR e
system, ;1%%5.%% S B AT AR RS, L,
SRS STV R Rt A S

signals from the image-capture element 15 are supplied to

the alignment control device 16, and at the alignment

control device 16, these image-capture signals are

processed, positional shifts in the X and Y directions of

the alignment mark 43A from the image of the reference mark

8b are computed, and the computed positional shifts are

supplied to the control device 110.

By means of the RA microscope, not shown, the

positional shift of the alignment mark 43B with respect to

s

the image of the reference mark 8e of Fig.15(b) is measured,
and this measurement value is also supplied to the control
device 110. By positioning the reticle stage 50 such that
the positional shifts of this pair of alignment marks 43A,
43B is symmetrically minimized, or by associating and
storing each of the positions of the reticle stage 50 and
wafer stage such that the positional shifts are minimized,

alignment of the reticle 12 with respect to the coordinate
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measur ement val ues originating in displacenent of a greater Dgyg‘gﬁ of
optical nenbers can be detected. In the above aspect, as inverting cal
systens, for exanple the mrror 6la of Fig.2 (single-face reflecting
menber) and the two-face reflecting nmenber 61b of Fig.3 are conbined; but
in addition, conbinations such as those of Fig.lOor Fig.ll may be used.

That s, asyah MPTLAD% 00L €3 e2yst SN 2T EHiS " ORELOPLL Bl dErbey 120 as

shown in ner t her  concavé nof conveéx, and a sIngle-

ot et oreSEErpedy. | QUBFLOEF SPEeRt AR AN Oheite COIP P iieled S5
123 as i Fio- | Ghnge 00l 15 @ combl 0etiop WLdy £ LhTegefpge Tef | ecting

menber causSi ng ree re nay be  used. I on, as inverting
Fro (2 Thheiet plHEEE ot rosbPab g b Eot £o Ry R BN SeaR Combi nes
1 2, SRSk ERLn TEERSER 35 d b Fofl ORI S SR P B Lt L0
one of { nCCHITRETS HehaveCar ot SPbrot? PG SRtTearSoFhmbrielRe ©°
et | oct i ngPRERBES 190 TRe FHOSRETEESEht Fhoy aut PaRE et B IO TenBRy B
Fig.l2(c) of other}gptical menber perform ng an odd nunber of reflections

is used, antOPtRtal>nenber perform ng an even nunber of reflections may be
used as the other OE%ical ratign when_ perform ng

.enber . g. w The op&

calibration of thB RELsArefedlagsrREoTEFsig ¥Bieua LARPPEEhc&CRECLensor s
durd ng int a| baseline checks, in the abpve-described, projecti opn exposure
appar atus PO FHe. POTSELORFA; RdtBE| Biier OF oF PF nBEeSSE hiOR | SRFEFRT L of Fig.
|3 and to Fig. 14 First, in step 501, 0f Fig_l3, aft{er the sequence for -_.
a exposures¥§k%Pp}hr5?i%?t%?tmﬁﬁgrgo§btép?egfcF%ep%if%?me%5§m%EEn start ed,
in step 502 a_decision is nade af t o_whet her gerforned, executlon roceeds
to step 508WaLeH PHEKL QP atRe o¥atRE fof EREntRAAGT RARENDRrSBIR_LG0kd to the
exposure area of _the projectjon optic system 11 as shown in Fig.l. At
ThPe 1 e Ehaavaget abidhnent Beffor o SHEn Thio SheBLLRTcre b he
reference rks 8b, 8e in Fig.l5(b). essentjally coincide with.the centers
of the ol i GhheareRt senbBal dartteiifer: vihen oEngabous epbiqhel Frg 1
In this state, in step 504, the 1 croscope. Lncludjng the i e.to
ber f or m ane - HURRGEE ERsCPRiLe LR RorEREER 81} gneibedenssr [B9°15

used to detect the amount of positional shift from the

detection center of the reference mark 8d of Fig.15(b), and

by adding this positional shift to the interval between the

centers of the reference marks 8b, 8e determined in advance

and the center of the reference mark 8d, the baseline

amount, which is the interval between the detection center

of the wafer alignment sensor 160 and the center of the

pattern image (exposure center) of the reticle 12, is

calculated; and this baseline amount is stored in the

storage unit of the control device 110. During exposure of

the wafer, the wafer alignment sensor 160 is used to detect
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71 9 3 DE C 2p02 capture el enent 15, and the wafer alignnent EIYFC %62
are used to execute neasurenent of the baseline anount of the wafer
alignment sensor 160 (baseline check). In this exanple, in parallel with
this baseline check operation, at a common prescribed neasurenent point in
Fig.4(c) on the surface of the reference mark nenber 8, for exanple the

s moasur e EOTHEARS JPF CERFEE maLks pEBARACA in O’ REUSCHRIL PRof T
f-_. sina%é@ngpuéww@fefheaﬁa!H{@ﬂfﬁggg%g '8£e81§£&? g%hébtmgd%ﬁie g

which is a common neasur eneht” poi nt; S position 'S neas

002 e RSB ROl LAERCE 8BSt oR Rl Bfriundled " glagy g Ler
a1 5B 20T (el ol ke RS Lhersibideg 102,
5 LS55, B P SO H AL U0 TR el SLPRRF VARt B oo septn o
the projeq&ééghtion results.

Because this baseline amount may change with time,
baseline amounts may be remeasured, for example each time
exposure of a single wafer ends, by moving the reference

e mark member 8 to the exposure area of the projection optical
system 11 and executing the above operation. Such an
operation to remeasure the baseline amount periodically at
prescribed intervals is called an interval baseline check.
The wafer alignment sensor 160 may be an on-axis rather than
an off-axis device, and may use the TTL (through-the-lens)
or TTR (through-the-reticle) methods. The wafer alignment
sensor 160 uses broadband light (for example, with
wavelengths ranging approximately from 550 to 750 nm); but a
single-wavelength laser beam, or multiple-wavelength light,
illumination light for exposure, or other light may be used,
and photodetectors (such as photodiodes) which detect
diffracted light from alignment marks or scattered light may
also be used. This is true also of the alignment sensor
213 (Fig.20) of the second aspect, described below.

When exposing each shot area on the face for exposure

(surface) of the wafer 7 to pattern images on the reticle
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optical system1l. |If the absolute value of 2Sf is greater than1tq1iﬂgc 2002
tol erance val ue, execution is transferred to step 507, and the control
device 110 uses a TTR AF sensor 8-10, 17 to determ ne the inage pl ane of
the projection optical system 11 as descri bed above, and in the state in
whi ch the surface of the reference mark nenber 8 is aligned with the inmage

plane, focys ppsiid o8 §af a@é'rﬁé’r%rﬁaﬁﬁ'%cgif&?@s.?gont 1 Qe 200¢

measurenent points o st ahd secon Ilque-l nci dence AF sensors

117, 118 ol Saiiatopncne @&féprwﬁssgfbg{%ggf(%% gRasCERIENt val ues are

each zero. n, execution proceeds to step e performng
exposure f Lr J Ques i nci nsor is
e o e ar Do R Tos A nEoo R SFBER Rt ha e RERE (heREr

used to performfocusing nd, if

step 505 tP@c@é’é@éé‘i@ic‘!%ggggghggé%"cgeh?"‘ﬁﬁﬂ £ﬂé”r%€fcié"P? agf& %’%fez St hen

execution proceeds to st y applying offsets o

(Ordl-O dﬁ%é@%cgté{ﬁ éﬁ@f&‘éf”@i&tgﬂ' PEs Ofphfe,{LEStoa0d éﬁt?@fi@f’s ensor s

obl i que-i NSors respectively, calibratton of ese (
of oxposurdht Sruias chnc BRI L0 PLEGEEGTy dodt £ cishith EnfETRT" 1"
per for med ifsbriaspbetF oot AP S, o chite AREFGe GETEE Bt lami e, one
exarpi e perdorerter ey fedriEe TaClon \ERBRRuR FapratafiS Br it o
on t ne vl €1 ¢ FABELRET AT CAVRSTTRG o) hePhaREST oot Bt PELE. i cence
11 i mat 1 BROBBTHEY o7 (RE. €t oSTRabREnerputf phE dhint BF EERPaT Ay
di 1 er ence,2t[, (or, Z12)  chanass, &S, LOGLCR £ Pie! DErEHEY o033 Hater
g.14(c).” 73 sT .

7 and the shift in the angle of inclination, and a Z-tilt

stage 3 which aligns the focus position and angle of

inclination of the surface of the wafer 7 with the image

plane, based on the measurement values of the AF sensors.

The plurality of AF sensors of this example consist of

a TTR (through-the-reticle) AF sensor corresponding to the

third focus position detection system of this invention, and

two-axis oblique-incidence AF sensors corresponding to the

first and second focus position detection systems of this

invention. First, the TTR type AF sensor is explained.

When using a TTR AF sensor, the shutter 29 in Fig.l is

opened, and illumination light for exposure from the laser

light source 35 is used to illuminate, via the illumination

optical system 49 and other components, an area which

includes a mark 100 for focus position measurement on the
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~.~~3 DEC 2002 That is, the horizontal axis in Fig.l4(c) is“VEEDECa g
time t, and Cl, C3 and so on represent the tinme at which exposure o he
first wafer, the third wafer, and so on is ended. In Fig.l4(c), ~Zis for
‘exanpl e twice the value of the tolerance in step 505 of Fig. 13, and

indicates that after conpletion of exposure of the first, the third, and

the ei ghth defefe fdle abmRl Uifad@l Ue Ofid Niark 165 ool LlEeqTang et

val ues of t two sensors exteeds the tolerance va and that the TTR

AR sensor {5 USEFL § Oh X GRAEE ﬁ@xﬁﬁ%faéiQF?]e@et ijoié@@{.oﬁ%i%f curve 132

in Fig.l4(a) represents one exanple of nme rement e (or zf2)

of an obli %‘{Eéxﬁ‘ Ci'hf’,e i é{hjzs)e( B%Pé ' &‘@g?d fﬁx{g&% El%‘a?ﬁéﬁﬁ?é aJ ) 0P &Sk ”?gﬁ:) ay TTR

AF sensor er the en sur e ere x is for exanple one

ot) vl erg Ot NG, CUr Y 183 | (o FiLfle! 4001 00T SSEAL 3 OBE PYAUPL£) Ofyt e

measur ement err or |~ {or ) of "an I que-incrdence n

perforningt@gIééﬁé%%éggLﬁgFﬁ ﬂ$ﬁ%$%ﬁ§ésensor ~3 upon exposure of each

waf er. \Whereas case of ), there is the possibility that the
t .the_f . i Li . t he.f | d h. jin th
Taoe of g, La(ofne RavngakRyeninaohipdl iR 1THREC Iy PRKRC RaroRRERed enr 1y
d d. in th Fig.lL4 f thi I the, f
Wt houhi chipeshert Rt (EaCE8Fn oo her €t "nflull End A BuShetE HeRRar Y
greatly reg q%x%mhile thﬁ urve 133A.i s _esse %iall .equal to.the 74 ~,
eyl Witror T58 Ta vea fuatreamet Lo oY1 g8 Rentiiiie " ana
hi ghly precise focusing is a% s _obt ai eg. hbxt,.gno%he Exa | e ofa?he
f ocusi ng oﬁ%?%??oi e %r ¥@%t§5%g%x305ﬁ?g Lpphfat §n%f°Ph €example is
xpl ai ned, f i to Fig.l Fi g. h . ~sh th i t of
LT A B b R R
ot oce | CTDLURTRECH$0° Fabt ohn hucidenBert: Ene’ EaftER hidudh bl FoliTon
i Si . b | - nci d AF 117 18 d in_which
Pocusi ng hashts ohES¥ER Rk eTReant RERTGR G250 b0 e0E PG OBaLEaton tni s
i ible. On th th hand, th i h 7a | h i t
orena i n et bosafeafh 8880ss | bt SRREnGLRRStodet fnkaE LpmtRY T e
tivel t hat f f Pt fall tsid h
roatar arerf i ahgetod the debetBiSh eiatRLE Rk eEntnParntBoastttaRtIr® ¢
difficult t f j i th t of th At i i e,
when expostre FePRLed Facthe aliffneaf SORfEqh! SnVEsontis | nTRerRERDr as
7 d 7b h in Fig.l hot SA i djnto th
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the mark 100. In order to perform this scanning of the
mark 100 on the reticle 12 relative to the aperture pattern
8c, either the XY stage 2 or the reticle stage 50 may be

driven.
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inproved in a shot area SA partially extending into t he”‘ar ea1 3aBEE(¥0251
shot area which for exanple extends into the area 7a, where overall 0,
auto-focus operation is difficult, focusing is perforned based on data for
focus positions nmeasured in a shot area at |east part of which extends into
the area 7b, and which was exposed inmedi ately before. However, when the

shot area to be e4paged 1fi Llerl Sahighial Kici® cAlcheta 12384 bl a5 & ea
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| ocked onl¥ E &Qg non-scanning direction. In the above aspect, the focus
position o ke fer 7 is nmeasured by oblique-incidence AF sensors 117,
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X- and Y-directions respectively as the image of the mark
100. Hence the projected image 100a is first scanned in
the X direction using the aperture pattern 8c, and the
normalized detection signals S1' of the photodetector 17 are
plotted against the X coordinate of the XY stage 2, to
obtain signals corresponding to the integrated quantity of
light (in actuality, plotted as discrete quantities at

positions in the X direction), as shown in Fig.16(b).
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t he position of the pattern surface (lower surface) of the reticle 12 \ﬁﬁih
respect to the optical-axis direction (Z direction) of the proﬂé&ﬂ“ﬂhz
optical system 11, and the angle of inclination (and if necessary, steps in
the pattern surface) detected. At this tine, the two-axis AF sensor shown
in Fig.2 and Fig.3 may be used as the obliqueincidence AF sensor. A stage

for focusiﬁgxaﬁynﬁl Re Ra PEQYALE0N Ot 0% 1 B OL1 1 ind L T Co e b0 S0 L0

control the .. ocus position a I nclination retrcle 12, and
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different; IS Onl'y nécessary a surenment point be
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t hi ck shee%- e foquation is .installed.on the floor in a scri bed

cl eanr oom t?s) ar @ dyel TPFERHT st rSpoihs datp seryege 0z ,

100£, . . . of Fig.1l6(d) is obtained. If this data
series is approximated by a quadratic curve, for example,
using the least-squares method or similar, and the focus
position BFX at which this quadratic curve is maximum is
determined, this focus position BFX will be the best-focus
position of the projected image 100a. In actuality, in
order to eliminate the effect of astigmatism of the
projection optical system 11, the Y-axis projected image
100b of Fig.l16(a) is scanned in the Y-direction using the
aperture pattern 8c to determine the best-focus position BFY
for the projected image 100b, and the average value
(BFX+BFY)/2 of the two best-focus positions is taken to be

the actual best-focus position; the focus position of the Z-
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fixed a long thin support . 202, and an aperture is provided at the top end
of the support 202; on a side of the support 202 are fixed a fi@sBEcnmyg
illumnation systemunit 203 and an optical axis adjustnment nechanrs 4,
'so as to surround the aperture. On the right side of the support 202 is
positi oned an exposure |ight source 250 including an excinmer |aser |ight

source 25Qg 'uéréeaqé‘%t N dddito (19rROPER I g;LcJ-.fihéiQJn.eXp ‘thim tted
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on the pattern surface of the reticle 12, and the best-focus
positions of the projected images of the plurality of three
or more marks each measured, a plane approximating this
plurality of best-focus positions determined, and the Z-tilt
stage 3 controlled such that the surface of the reference
mark member 8 coincides with this plane. The best-focus
positions or image plane determined in this way are

determined based on the projected image of the pattern of
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13 D E C 2002 the left side of the support 202 on the base nenbﬁg Egg 200e
proj ection optical system 209 is installed, via a flange 226

aperture at the center of the support menber 227. The anti-vibration table
233 is an active-type antivibration table, conprising air pads and

el ectromagnetic actuators for vibration; by for exanple nounting a
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224. In Fi 01£? ggjﬁgsﬁﬁrég ige?gbgﬁ%gf the prOjectlon optical system 209

on the bot ace o e su €r 227 are installed a pair of

AP o8, YL AIOUBERRL o N3l Hos BRSO

o above, the actual image plane (best-focus position) of the
projection optical system 11 can be focused on the reference
mark member 8 with high precision. However, if this AF
sensor 8-10, 17 is used, the throughput of exposure
operations is reduced; hence in this example, an oblique-

incidence type AF sensor, described below, is used during

exposure.
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~ ;. ~~.=~."~ 3 DEC 2002 consisting of a |ight- traWSn155|on Tﬂﬂp?@§? o
and Ilght recei ving system 211, and an off-axis type alignnent sensor

for exanple of the image-processing type. The |ighttransm ssion system 212
‘projects slit images onto a plurality of neasurement points in the exposure
area and nearby areas on the wafer 218 using a detection light AFB, and the
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illumination light is extracted from the first and second

emission ends 52a, 52b of the optical fiber bundle (Fig.3).
In Fig.2, the illumination light F1 emitted from the

emission end 52a of the optical fiber bundle passes through

the lens 53a, and illuminates an illumination slit 54a
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e ., 4 n-

j inmprove throughput,” a plurality of reticle stages 207 iay bée prb3iBie;2002
or, the reticle stage 207 may hold a plurality of reticles in the scanning
direction. Mowvable mrrors (not shown) are fixed to two sides,
‘perpendicularly intersecting, of the reticle stage 207, and a measur enent
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88 " .9 3 DEC 2002 transm ssion system 251, optical axis adjustnﬁgtn
mechani sm 234, and illum nation systemunit 203, 204 are seal ed an EC‘ZMZ
supplied with gas which is transm ssive to the exposure light IL1, and
purging is perfornmed so that this gas is maintained at the prescribed
concentration. Fig.20(a) is a cross-sectional view show ng the optical
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the mirror 6la (that is, a single-face reflecting member)
and the two-face reflecting member 61b within the second AF
sensor of Fig.3, described below.

In Fig.2, the illumination light F1 illuminating the
surface of the wafer 7 passes through the optical member to
shift the optical path 64a, lens 65a, two-face reflecting
member 66a, lens 67a, and a device for optical axis

adjustment consisting of parallel-plate glass(called herein
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13 DEC 2002 integrator (at |east one anong a fly-eye |ens, mtern}ag EC2
reflection type integrator, or DOE); an illum nation aperture stop 002
switching unit 240 capable of switching the aperture stop of the

‘illumi nation system between a ringshaped aperture, variable-illumnation
aperture, aperture vvith vari abl e coherence factor (a value), or simlar;

I tigals t4i4C Thi
\r/:r ?gbfg Iretl cq%ﬁ{)ﬁ% ﬂ}fs/a%r @2 rS'ql ace Egi ositl onl%srjal%'g tI y e
def d
el ocuse ' ré fi:?] qugogtgl%a?t { @'lf‘effoé’ﬂééh ro%?ﬂﬁfe% 1t HJ‘%&"&E& t' on

p:ane of t e start and enI nn|ng expo
innecessarst L#gh“ -ﬁf{‘e@f{lﬁéﬁfsﬁé&%ﬁe&ﬁ;ﬁt Effeo%%‘ T cz@glg
il um nat 'nPé?n \r%%aéﬁf 3ﬁ1 @rir%.fer{ t ndtg—'r qu ri)de nmechani sm

242 are respe quan 1ty variatio iving unit 235,
Dt %%neg&aﬁféé%%e;@é Ea At gy o e St vino it
menber , not - Shovtonhl TR <tBpRY | Ene bt AR EheSe Y adsTors hhi PSP nea a gap
Tember ”805121%3{%"%“%2%%%% PR  SHFO rbeh | (Hhra ThEVOR | R pat h of
conpl ot ol yAUEATe M (TSRO ST oa R g £Ralr 119 15 th gas

B it H{i‘o”smoﬁZ'cerirrIR%sdtlhlﬁqf*?p°sqﬂé€v£éggh€a<%%1rﬁé§sf§r§$ei Hraganed

ﬁéﬂﬁir””z"é‘“(’”rﬁ%”%?f aahtteq.oqél%‘inei%ﬁ'n@t Fecn 3”%}2”2%@“%%%‘!%%#“”
Storing CHGRGE S AR, YIRS TR GRe (WA 1 (09 Sl o, when
t he concen on_of the a det cted by the -: conce tration sensor 203b

decl i nes, %V‘%Jp Ja‘?%e%LFb‘bI% Y gas such that the

[paked am |RL3{}PE%f£‘%‘g'?ﬁS e eg*a??t%@'&}egfn SomE et it chlapalr gt

204 corpr S8 l%laiﬁ%f%% St ﬂ@ﬁa‘f%e%éc%(e é—'ﬁ%%‘f&# e taista
Sﬁtv.eﬁaregbyﬁ HSa RS %l e S e ety he? iéﬁﬁﬁ%%re' ens
fixed to (HSRADRRSTAAT SORCRTL ¢ %esg%r%T%fFP%ﬁ?f? BT ot
Because there are no driving. nech anlsns i tion sten1

e secon
uni t 204, FPHERTDICDr ot For® Lt st @%‘gbt%e‘é‘?’eg%pﬁ?%% %t?%"el n
exposure nmain it 3(8%? ch%rhtfm dence fac‘g &P t he (?I de. of thengfcoP
T nat 1 o1enA R cidrRe S DR Liyife spndlicts )
“3DE Cz%%e vibrating mirror 57 supplied from the driving system 73.
The plurality of focus signals output from these synchronous
rectifier circuits are supplied to the control device 100 of
Fig.l. Here, the above TTR AF sensor 8-10, 17 is used in
advance to perform calibration of best-focus positions.
That is, the surface of the reference mark member 8 of Fig.l

is moved to the exposure area of the projection optical

system 11, and with the image plane focused on the surface
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blind 243 which al so serves as a wi ndow nenber; the em ssion fa'geaoi ;5&02
bottom face of the second illum nation systemunit 204 is seale 9@

W ndow nmenber 204b, and the optical path of exposure light IL1 within the
cover nmenber 204a is also essentially conpletely sealed, and the interior
filled wth gas which is transm ssive to the exposure light IL1. A

concent r atd Ot 15058l s Aed Hakl el S PO | ONRH I HURddig gover menber

204a, and the interior 1s connected to a gas tan y nmeans-of a pipe
284, 't}gﬂggl I i -yi ' | 23 , 206
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det ect ed i t I 4 i . i th
v s anc AR o B YoM v A P
) | | inuously fi Wi

transm gsi'(i/'%y }a%. necAe ;‘Esecoafu seeftsh’e &brPclpgﬁfeneés)%é%?Sg%é%& oSS ght IL1 is

I kept..high,, t ti f f _the, waf b hort, d
the 1 hr ouGHRIT it h S atie BF dote ctfeod it dele 5 oA The St
Fig.20 ,.th tial_ air- di tioni hani 237, isti f th
19,2002 e PRV AE Pl Al SOOCH O S TRENAIL 0 230, RIS b Lhe
viriual |y TSHTR of ERR IS PO 9re ST T by Ikeher Shha e
t t d with dust d sigm]l dwthinth t]
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the reti cl%eazﬁﬁr%eqmé’%d%er by T’goce‘}& RS YNA 1. And because
fluctuations in éhe gﬁticgl gath_of t he neasur enent bean1ofdth$llaser_
interferoneter uS@YSWFEh PREAVRE| BFRSLEEUE 209 APES  BAYcEE2 M Ae-Br eci si on

f f th iti f th icl 207 is J d. Th
T AL 1S TET e R F T b AR AT B TR R TRRR B
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sensor itself be calibrated periodically, in such a way that
throughput is lowered as little as possible.

A light-receiving system is formed from the optical
member 64a to the light-receiving sensor 68a and the harbing
5la of Fig.2; and this light-receiving system and the signal
processing control system 72 form a light-receiving

detection system 118a. The two-face reflecting member 66a
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supplied in place of air Al, because these gases, which are experk3\BEC 2002
conpared with air, are used in large quantities, operating costs will be
increased. However, in order to raise the transmssivity with respect to
the exposure light IL1, it is desirable that a highly transm ssive gas such
as nitrogen gas be used wthin the partial air-conditioning nmechani sm 237

as vel | . \ien he NBVESLNGR 08 i AdEe CKROS UEEF] dObind IderiSePPas s 180 e as

,) in the case of FZ laser light, and when the wavelength is shorter than

150 nm itgdscrasdd abd folk hafo th L4 0OPEE0N@SI nheHL 1Y 985t PEa Bl SFd8&mbe

tenperature-controlled and supplied within the partial air-conditioning

mechani sm 237 al gge dbgcREbtish 8hitCaadhinORhBOCERERSN §BVZAL hyocpgnect ed
f e | anber, by

to an air-conditioning device, for exanp ocated outside the ¢
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measur enment” pof nt's, foc osttions a neasur ed Sensors 2, 211

of Fig.l9.i%?f%é$éégﬂﬁgéég%%§6}g%%zgilg%%é | 9 consist, as shown in

Fig.21(a), ITst conprising a lighttransm ssion

sysiem 212a and bight. LRGELVLAGeSKSLam2bhs ARl Retnaand AF sedsar 212

211b conprising a ransm §Si on s t-recerving system
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AF sensor 212a, 2l1la and the second AF sensor 212b, 211b emt detection
light AFB in 97 25



., ~~ y'3 DEC 2002 different directions; as a result, theKSehso1g DEC H2
conpactly positioned even in a configuration in which two AF sensors a
used. Further, part of the neasurenent points of the first AF sensor and of
t he second AF sensor are common. By measuring defocusing amounts for common
nmeasurenent points using the two AF sensors, and for exanple conputing the
di fferencey iqf supe mMeasy.ay) koW The Rt atd idf lﬁtotzj*&tri%aqswermpt val ues
of the AF sensors can be determ ned. The AF sensors 211, 212 of Fig. |9
have confijgiai@l i(@1EoSiifdidatied o3l Jhand isawmanatchibh shit &4y ai ned
in the first "aspect, and so a defailed explanation is here omtted. As

i ndi cat ed gn gl Greh( Dnc 1B rd R HATdxpdaa-Pla e T ;0)a3C SHRmP by q@issystem
209 opposing the wafer 208 is narrow. The optical systemof thé tip parts
of the AFseRRekdd A, ansMehdl AN IRASRS onl 221 2 2R Ffinldqohy recei vi ng
systens 2Ila,” 211b is bBent, and is positioned on the side of the tip part
209a of thg p:9)i§6t I aﬁ,@ll P09 nod i ildd W t@r},t 213a of
t he opti cg)l usi;istle (S)?nt e ot?ft?nj-ea I's type 'alpi gnlmelnt ser';:l r legﬁl s bent, and
iS positi QA% esi,ln.g%' H ig rt‘g‘%qiaat- e Stinaicght Jd

connect i ngﬂ't%ﬁ'e crié'tr?[ler 0 tt%fg ng: par@‘teo%Qla A'et el-cgt?ll c')s'rslllg'gr#gr )&fanq: ethe

center of d. e ea |FW(optical axis Ax) is parallel to the Y-axis
(scanningiﬁgggﬁéﬁg%%ﬁﬁﬁgluﬁnation light is emtted fromthe tip part 213a

t dth Kk tecty - i : ~ 2 f
U L o LR AL FE 0 o LARof L6 o Byscl 9 g Trom
o TS SR 1 A0 I e ! e (D)

the side face i ection and’the Si rection of

the waf er 5%%39%1?&%@5%&33}} :.‘t S i3S B g fé’fa{gé%ifsftgeﬁn“ﬁgbzz%&o

serve as novdble mrrors: e reféerence m'rror e 'X-axi s

cor respondigig, o i, BdlPla?2hie A Wit ISIGISHLe J0¢U g 2aRY £07 Lhe

Y-axis corresponding to e mrr y, a _ X-di'rection side
o o oL OSSR, AR Sl e i Sl ot 2
Subot | et APPSR ISR | 1) ke P, (g2t on
beam 223V SN SRANLEDT, A R AN Gom s g | 25er
R R L S S S R S
" of er once Boaa o IR, Thiod TR nes SOH, Ay AR AT R JoA
“ntervals S RET diye B SR M SRR AR e es The
ﬁffg; dizg%ftﬁgg:fir{die Wl AR At d B¢ Prdfed &l H Y¥GddG T &l erence
images F2a to F2k is inclined slightly in the clockwise

direction with respect to the exposure area IU. The center
of the central slit image F2f coincides with the center of
the exposure area IU. The vibrating mirror 57 of Fig.3 is
used in common with the first AF sensor of Fig.2; the
optical fiber bundle emission end 52b to mirror 56b,
vibrating mirror 57, and relay system 58 to optical member

63b form the light transmission system 117b.
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13 DE C 2002 Simlarly, a nmeasurenent beam 222YM and reference'tébﬂfgz
are made incident fromthe laser interferoneter 220Y on the mrror 224y and
reference mrror 223Y respectively, at prescribed intervals in the Z
direction. The laser interferoneter 220Y neasures the Y-coordinate of the
waf er stage 224, taking as reference the reference mrror 223Y. The optical
axis of the Y-ax r : e a

positioned on a g??g?gﬁf %ﬁﬁgémﬁﬁ%ﬂéﬁégézgﬁ?ﬁP%ggh%?%eé%% igg?éééigfix and
t he detecty (b - f i t. r t optical axis of
t he X-axi téﬂo(r)ng':‘alskurJefrn::CFﬁlstrH'gllcr'-:(a %ﬂ%%@t%@%ﬁg anZQalaats? rl'lal?kgh | i ne passing
t hrough t ti.cal i paral | t he X-axis.. The. X-axis
maasurema% 'Feha(%c)zfzti%/lcls%nﬁ%%m 1 one tfgi%h‘fs)(sé)thr%iheg@xts%e ejtges%:ti on center
of the ali . sensor 0 siraight line parall to the X-axis. As
a result, yrygﬁdg%lr?}t e Ontg;tghuer esgeln J\'/"éafc-b%'s %# 1-tr]'hee ﬁargsetr %ll%tse‘?qse‘?%nae'f%r 220X
during ex sur%E ﬁ%g Usi ng. rea e t. values of_ the |aser
interfero%tca}{eerp dlu%rl!ll ncgl]'la%]c?tglnon%n ; oevre\H]? fS]rJO anBhof° htgh?/vasfeecfo%q age
224 about the Z-axis, (yaw ng) occurs, the X-coordinate of the wafer stage
224 can b®InSERRAAY W‘%eﬁfﬁﬁ%h Pr at AL § LAk ®s$ond O he occurrence of
Abbe errors. The neasurenent beam 223YM consi sts for exanple of two

neasur enendppreadinaasiy | Qe dr 2§ . PrEpLrdpieebst Nileem) 257 .t he Iy direction;
fromthe difference in the Y-coordi nates neasured by these neasurenent
beans, theddiditd PN @ ke addlremert %ﬁ-@@%@% ddft i f @ of

t he wafer stage 274 i's detern‘ierﬂad. indicated 1n Fig. 21(b€, tfe {g%ghts

of, the mm&a&@@p%?%&%ﬁ@ﬂééi "@éﬂéfof,or%@ﬁ]ﬁ@asureﬂent

Héam 223YM also) are shifted dowmward fromthe surface e wafer 218, so

that if rofatd entind o ML 2 S AN ik AROW s e P4 Siddqid 1944, or

rotati on of the wafer stage 218 about the X-axis (pitchi'ng)” occurs, Abbe

errors argjclpded ¢ mﬁ@%mrﬁ%ny&y%f@i&# afid -the wﬁﬁ e and

Y-coordinate. In order to correct for these Abe errors, in actua t he

measur ement; heqiis 233N h AR mefPArfd e SR SERA alied %@‘g‘?’%ﬁ% ces in

measur enent beans, renoved 1h the Z direction; and fromt

the coordigid &5 feasM el USidld ¢ es & #10; TRASUEIRIT bea(s plounts of
rolling and pitéhing §$%sneas%red.'ﬂs %homn in Fig 2, AF %é%%%%s 212, 211

and an al ignrEY Sensy @&ﬂ&mgiﬂ?&%ﬁe wil 26h Paddes RRERESH ON

optical system 209, and the working distance “he projection optic

system 20§y LansAdYAlne BPdsu® 448 1d. bl gwiing SRR A £ GOt rol | ed

gas fromthe side only, it isdifficult to maintain the tenperatures in the
optical paihs «f dihe IREFY LR IrNCAHE AWh LRI LREA IPERE, Ur i {Rser

interferonmeters 220X, 220A, 220Y, and the tenperature of the exposure area
| FWon the mafeERbh tHd Ninhdd il Hee JANdR qiraf@cﬁfarg%rptt-cal
[

tenperatures. Further, if fluctuations in tenperature occur e opti cal
%0% system 11. However, if for example focus positions are
read in advance at the time of scanning exposure, some of
these slit images may be illuminated outside the effective
field EF with respect to the scanning direction. AF
sensors for which advance reading of focus positions is
possible are for example disclosed in Japanese Patent
Application Laid-open No.6-283403 and in the corresponding

U.S. Patent No.5448332; the disclosure of this U.S. Patent

is incorporated hereinto by reference, insofar as permitted
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;~ 3 D E C 2002 paths of the measurenent beams or reference beans] Be[PEerjmz
may occur in the nmeasurenent values. Hence in this exanple, a partia
air-conditioning nechanismis installed on the side of the wafer stage 224
al so. Fig.22(a) is a plane view show ng the positioning of J parti al

ai r-condi tioning nechani sns 215, 216 in Fig.21(a). Fig.22(b) is a front

vi ew of a Wy GhE Y96l UF A Gdd ith e PloP A d1 it dd@dmBE s Yelddt - () -

In Fig.22(a), the bl ower mechani sm 215 and exhaust mechani sm 216 are

posi tioned S¢S HAPHIRUBhdINH e d eﬂchq{;ii&ﬁl system 209. The bl ower
mechani sm 215 conpri ses a box-shape gui menber 287; pipe 288 which

transfers gas Ayhicy. Dascheen i GRPRLEISACLEGNE P! FOeT somRanaOuLs de

air-conditioning devite, not s and iC ad dust renove y an

HEPA filt i ' ; ' j 1 soned it hi
gui de Irreng’glr 87(:‘?}%“6‘1:2?45 v{)aiﬂo‘%\lgp ﬁ%%%@&au@é? aﬂ%ip? l?_v\chlr I‘?JgrﬁhﬂglgBéG{(}? As
Che tenperd Wit ODIAG AR5 difen | Trd Serf B S it i Toetl L ddip ozone

renoved is u ut” nitrogen lumgas or 'simlar nay ‘al’'so be used.
bl over unit D28 e R BTl SRS A T ihg 1 the
267c, o Sarer AL S Al Bl T O e (B 00 UG O
224 oves TReN (HFS HHASE LN Bl ded BERR o o 8o °
donnvar o dresgandts, =i e A e S 8, | R anch
out | ot 267yt i ) UG 2l SRR PV HE ST ¥ ed By e
223V ana AR oS A RS Y SIS (Tarcated by the
arrow Ay2 is 5“218%‘ ﬁo‘grﬁeh\?&%?g?gﬁ, AL PRe L BN 9L a  BiSefeur 8L %4 G5! 8

optical system

70bk are formed in the light-receiving surface of the light-
receiving sensor 68b also, near the refocused slit images
F2a to F2k. At the bottoms of these apertures 70ba to 70bk
are fixed mutually independent photodetectors 68ba to 68bk,
and the detection signals of these photodetectors 68ba to
68bk are supplied in parallel to the signal processing
control system 72 of Fig.3. The signal processing control
system 72 is used in common with the first AF sensor, and
the plurality of focus signals obtained by rectifying these
detection signals synchronously with the driving signals of
the vibrating mirror 57 are supplied to the control device
110 of Fig.l. As with the first AF sensor, immediately
after performing calibration using the TTR AF sensor 8-10,

17, the levels of these focus signals are approximately
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An aperture allow ng the passage of the nmeasurenent beans 'é‘fﬁt’f’i’“'r’c-:'f?r %3 .
beans of the X-axis laser interferonmeters 220X,” 220A of Fig.21 i's dﬁggi Gh
in part of the X-axis blower unit 286x. In part of the guide nmenber 287 i's
provi ded a cylindrical blower path 287, so as to cover the forward
directions of the X-axis reference mrrors 223X and 222; the tip part of

br o] a6t o B TEaTo L P S by, SERGKE L e (b dindd? FlatEe Dl ver
outlet 287a. Jdis, %ﬁ%%%%@?iﬁ%ﬁ& Wé'é#@ﬁgﬂ?t‘?ﬁ&?'%h SO as not

to make contact wt r age even | war er st age noves
in two dim§ﬂ§i£g§t = X out | 280X | h ttom

si de of the guide néﬁ%%%@%a b%él)vﬁke %rfi%pggﬁs(} naar% %lr%f%ée{]%#’ &lgé)twafer
st age 224.151,0 he It gsnﬁeal%gtgz%%’%g(- axi s blower unit 286x of Fig.22(b)

bl ows, tenperatur e o romthe blower outlet 287x, as indicated
tuo. di monsi one. oREnebkarar Bang8sob4b o Byl 1TSS Lty “PREBYEY ca
Bso suppl TR PRI SR O (S0 mEE P A R TR e
bl over patt I, S ki€ ot tel g e Fet o S5 T A S8 he bl over
Side of CHEERP AN Syl T et (i Bt b LB SRS ead 1o the
mrror 22 BE O et - e IO RO ohi e TR RATRL 267a
cven i1t iVareR hEAFE LI 8 s SR DY 4o ied I o or 213 o e

i nstall ed, d if fh Ki di f the, j ecti tjcal

syt am 2067 TRPR 1as§ oA NP borth! T IR PR DEL B GV TEE y ont o

th .1 FE dt t 1 th f 218

by ea | B CRFE I o Yt e g TRR S Vi e et ek L e s o1 198, 5 P!
result, ification errors in the pattern transferred ontog the wafer are

extrenely ?ofrl’fﬁfirt‘? i‘-‘f'lec%%?ﬂrhssw]f) SHariet R L- i npr oved,

S0 00" S S L BSAL RS ) dnd TR kg0 kgt 5, D2
PoS! L1 onetg g 8 FUSLOPE 10 RS P SPLASH! SYELEIN 205, NG oppOseS
N I e
oo 01 S B S D TR B 4L S 280

to the ~--__..i airzcondifioni.ng devigce, nat.shaown. By usj t
néghaﬁi om0 ar r R e T ERE R o DR (B el SL R e TR0 ence
d t i t h h.th i f th f t 224.
The wat er & ot 2oL T TTE DR T S VR At AP TH 1A RRTIECRS ofeiur i ng
i , d f t he bl hapi 215 . s Dbl [

non- scann MRS (A TorE TR e-BE AYEATDNT CREHTETT y! P5t et i ar to the
scanni ng direction, so that a(#rrtgsﬁt1 no fluct at'é)_ns occur.in the gas.,, 1,
y o on t FEESRES RS TN B, A RS YT 11 (HRCLination angle

by, for example, processing by the least-squares method the
plurality of defocusing amounts detected by the second AF
sensor 117b, 118b. By driving the Z-tilt stage 3 such that

these defocusing amounts and shifts in inclination angle
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direction of the wafer stage 224. Hence the Y-coordinate of the $§ §ECspfide
224 can be neasured with high precision during scanning exposure, and so
synchroni zation errors between the wafer 218 and reticle 208 can be
reduced. In this exanple, the illumnation optical systemin Fig. 19 is
separated into a first illumnation systemunit 203 and a second

i1 um nat i ofh&ys] %ﬂé‘%ﬁa%jpl&f@ ¢3¢ HO5ocused &h Befe | 4 BEEONEGE the

illum nation system unit is fixed to the exposure main uni4 300, so

that even yJr&omaiptiye! dxbbsbrd r £e8eNEY, Vi brati ons occur between the
exposure main unit 300 and the support 202, there is no change in the

T nation aregnoBn Beuket | 6y eudlfy 3AthlE BALRGTR PARARYOLNENEiEELi cl c

208 can be transferre h pre on onto 18. However

low frequ ﬂiae’délfﬂén?ci%}ﬁtczg%aﬁseﬁ%ﬁ'1fﬂftf1§‘ét LLHE Lol gyPosure

light I'L1 (Taser bea _ ~fromthe exposure I'Tght source O may be
o Co r AR TP M A G P AR B Hbpuiia
t he gas de@?:er %%%b‘gj\:/%ga%% O@h‘?& pé)%(?ﬁg%?ygé rg%%%g? g?%%%l%{? rrgg héa)#i g‘?ng 237
224 posi 11 DRI PerE] e et Shove- Hhoe herau ooy B 1S L fgp8n o
cyst om uni TAEAGE AEGORAPE SIE PR TE Bovedhl LoBS B o ana he
ochant sm S5 and e ECAR IR | PEOYE T e RELMEN: NALREE . O ™
B 7 cond (ToR HEF Y HE oAl 0 BEpt e fon SR 05eKEP e fiatd WIS <pace

pur ged w Ly { he, pbave descr bed ogs. (08 - i e DRE 2002, dext, ot her

exanpl e of "an aspe hi's rnvertion I'S éxplarned, rr?hg B Fig.23.

S SRS el e TEEDRDL SR 0 ROV A0e L BIPFERL e £p 0 005 o1

the exposure” area on er’i from ! spect. In
Cymbol ., aPaEtes EOELESPER Ponads, SRR,  fd Ghe SoBbia RRAE R T O
cxampi o 19PEETLBIHEE PSSl MR R IREE $0F Al T o
et i ni ng herEST 590 18R PR Ll e O e I R AL L S ey
yet om 200008 BEFR LY of Eh SCSELRPERICR, O3 R rabRBiBLe SEEAER Fhe ™™

projectiontﬁ%?éfg% sgféeg}ég%%néﬂfthe bottom face of the retaining nenber

228 is forned an aper ure rough which exposure light which has
passed (hroush tBe;Btel ehh) 08,001 LEa) oSYALRTLAOL PRISESspgeREOURE chit
| PWon (noydBLeTy2aRy ORE LILEE!Sh oheldfa SLRIINR,IEIREICZRE S o) ovec
ot aini ng hEers B8 SR &bled St PRHELAE O ETE N "o Toad i s born by
the mrrors or sl ar;Qf ot D&nBRGESE! V8w 8howing part of the light

transmission system 117a, 117b of Fig.2 and Fig.3. In

Fig.5, a beam splitter BSV is arranged virtually to show

that the slit images Fla to Flk and slit images F2a to F2k

are projected in different directions. In Fig.5, an

aperture pattern 54P is formed on the illumination slit 54a,
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.S '1 ~3 DEC ~~Q@ optical system 209, with the advarit"'a{ifé 'tT,gtDEEr‘@ﬂg
aberrations are not increased. The tip part 209a of the projection optical
system of this exanple conprises a focusing characteristic correction unit
'231B, conprising a lens frame 231A to hold snalldianeter |enses, and
novabl e parallel flat plates to correct astigmatism (or coma aberration) or
simlar VW'@rEH%YP'é)EYéf‘Iﬂlf@ dt €& | ki enal s 0fi 41 P! & Prth b PV Othh den&32A IS

connected, via a fastener 232B, to the aperture 8b provided 4n a side

face of thedal@d SO ERReSar28s $HEndE YR e fF1 dRPdat Solf WEEISAL L0 an

air-conditioning device, not shown. Ar or other gas subjected to dust

renmoval a ,ﬁm%g rrh 3 v Tl i i -rgﬁﬁt' i J passes

t hr ough t@% owert‘?{g(ﬂtlE Slef SZAQ%%EHE%%&%%%? %%ﬁ the %%%?%ég%%%eof t he

retainin 2 L nei cat h | 4 to the
I ni ng \é@e”@@%né B @a?ué&ﬁj'Gﬁbxggbg%%éaﬁyaa%l%é’v‘&fgec{&}?evﬁu@f’ ‘c)]?é’

space bet en the retalining ne e projection optical system

Egi’f 2002 R0 HHAT oF S lomila Foy Lt b Ied TapIECERY p8Eetls PERALE. of
e et o Bgiisy 238« AR AP eR- Y 40 20T EHR: 80Kk Salkpirant o
then r et urped. 1.0, thep abover p] £ 006 1) ORI B IFY ! £EoN! 88 £XPAUS!

no 2 of Th

mechani sm shown. 1n the Interror € retaini ng nenber 228 of

12 SNSRI 10 50 AESR PR 5 B ©
dovi ce. nolngBex £ 1S UAEChLRe oL Ao BELON A% AT pR3cLRg (M oUh o
5 SUPpl1 gl Do uaLah PLoh Vel FB1S0%1BURes 000 At egesaptant O

LFLO???SPL éabgragf na ug¥i%§$&|§Ei§€rfiéhgagsgg;Hg:g;nggeﬁ water can al so
be used as The coo %htgﬁéil o1 an paﬁ I'ng %hr%ugh ReCHTerior of the

. 30 . . . . . 209
P R L e L
e crnea AR LR, PO Sk PR LG B oy e
suppl y devTRereehesTEben, ERRRCEME EefRE Ertrkl 580 Ehekhe chbb Batform fime

adjustmentm f %Pe jgnperature of the coolant CF, for exanple so that the
tenperaturelg% ec?ed'by the tenperature detection unit 229b approaches a

target tenperat ug%rgéstﬂgsiﬂgﬁqngtﬂg}éﬂ’ 1itiﬁ>t/ﬁhﬁ %fyi%rsr%%ethroughartgae | EW of

t enper at urecontr gas IS own direc onto e exposur

e, varer £3Bcal E1aPEPRkIg) (oML 130258 BE!1EGBL IAaROgL £Ekyon
SEnsors a&ﬁ%éﬁ%hg' Alrgcg s8 {ﬁ% &ﬁ@%@%ii@@t%&l G5118P PRLI §@k¢SYsStem 209,

and\even

images Fla to Flk is reversed from the vibration direction
VD of the aperture pattern 54P'. However, because the
illumination light F2 passes through the two-face reflecting
member 6lb (Fig.3) which is part of the first inverting
optical system, the vibration direction VD2 of the slit
images F2a to F2k is the same as the vibration direction VD

of the aperture pattern 54P°'. The effect of this operation
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.) working distance of the projection optical system 209 is sl‘rth%Egtmﬂz
tenperature of the wafer 218, including the exposure area |FW can
accurately maintained near the target tenperature. Because
tenperature-controlled coolant is flow ng on the side of the projection
optical system 209, there is no rise in the tenperature of the projection

optical sysd eaxpgPdiRéd Vet &feliPngVed riqVel i pys ERESEL Emp YBi 6p §pjgome
extent are heat sources, are nounted outside the retalnlng menber 228. In

addi ti on, ixﬁé’éeé’aﬁiﬁf' eh2 Bl 81 B IRt Dig PERY | S8fle NREES6 - &RENYASEIn218 t han
the novable f1at parallel plates showh in Fig.23, and the fl t par al | el

pl ates exchangedFag blig)des! b eekBahHéHSUh§§'¥hB%1?§ hhbughE@taga bkght due

t o adhesi on of rial ‘caused by resist or other ctors excee

tol er ancesﬁélzf UerfF]”of hf"l e€opg @%ee‘%féfl ) lgInFF9?2?¥ ezjlt h&?1 fﬁ?essture of

the gas u I n the abo - descr d purging is cont ure and

h dit 211, 212
Ty be oi NS ot HEY o2 B, RePlEen 850 A LBt

?22§§r§es?%¢i3€§%$ﬁ?gf£ 7 %%d?%’%f@g‘f%ﬁr%&?ﬁagﬁﬁfﬁ?dﬁ%% LSS 1o a
i ne_sensogao i pgs Qﬁgg éhg%gl Xehs OF 0§ PFNSOL.a1be ahoys- desgyi bed

focus pOSI |on my ecte reover, m na |on opflca systens

shown in H g a*c&@@d i§h§9g1égehtItﬁ%[§¥&€09@%§§§bP?FPD fgfgéS”P es, and

the configuration of 1s?In on i s not I'n Fig.20
h |1 d f

| Tur nat 1 0 5y2¢ oo ry o2 Eok S L +%é9??5%#h§9?£h' ’é@eﬁgs BrdERebTse
S

Bxaml 65 otd %f‘% el ?%%%9%3% ie%‘%@g R iBa0eh ot MG S ENTCELREC o
may each b, fonted. o hsggé LgoP05E: Ik NEc DRy AO0REha 1 S

invention TS app |e -and scan’ ty rojection exposﬁ¥e apparatus

but this i pyeni§on,3p el s Sffvfg gegnsfsl?mﬁh SLBESHERal yREEBECL PO On

appar at us, . ang al S0 andsy x atpis
i ar e G AN R RE RS LRRLE OB E LRSS I Bl e o
only Tn they [ROULAGLUN g, B PEE CONUGLIL Aol esec! LAUTJiREYSESY ol S ay

el enents, Tnhage-capture ef enents { m magnheri ¢ s an mlar, but

al so of digplay. feyigss (pla Pifphfi’furﬁ‘fﬁaéi{i’gsg £PRE) OFRS o ¢

(reticles) er i n usi excrer

U112Vt of S 1 05,1 b LK R3t b | Lo glfmsa?ﬁ,oﬂu £ (Fho2)  and

fluorite ( or o éria ransm avi t is

used as th %: éﬁer tgélgﬁo |ca€eFféo§?§% foTuR) Fétcaifs§§§eﬂhggg ot her

conponents. he nagnl i'on-o e projeéecfion
plane is essentially focused on the surface of the wafer 7,

o the signs of the two focus signals obtained by synchronous
rectification are opposite.

In Fig.6(a), the slit images F1f, F2f are represented
as intersecting orthogonally; but in actuality the two
intersect at a small angle of intersection. The vibration
directions of the two are essentially opposite. This is

also true in Fig.7 and Fig.8, described below. The curves

dFl and dF2 in Fig.6(c) represent vibration with phase
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a, , J] 3 DEC 20p2 optical systemis not limted to reduction, tﬂt3 OfE sza
1:1 or enlargenment systemas well. The projection optical systemnay be a
refractive system reflective system or a catadioptric system comnbi ning
refractive | enses, concave nirrors and other reflective optical elenents.
As a catadioptric system an optical systemmay be used in which a

plurality gfvdafdfction it ¢ aleMeMivin At 10 TRfHEe G hPREJ cal

el enents (at |east one of which is a concave mrror) are positioned on the

optical axighpddENPHLd I ard S dont{ MIN0H PENB Y is time t

Si ngl e-wavelength Taser li‘ght in the infrared or visible ranges emtt'ed

froma DFBREMHOEIS XHal a8efs Ofs f&#@fai@&ﬂ@%&é@d‘d%;ﬁ@ﬁ%%fiﬁ.ht for

exposure may be anplified by a fiber anplitier dope ium (Er) (or

with both erbiu y j : nki ti used
to convert the V\ngggfgn%{‘ﬁﬁ?%g%émgﬁr‘é%lﬂg?éelt ﬂ?ol?kﬁggi‘ég&higﬁﬁ??ﬁéﬁﬁtﬂcy
i ght. For

:c ?Z elrJ eini ianq(ﬁfer'le[?on%Ie{l}% 2’% #%h(%ﬁ)iﬁr%é?%ﬁlﬂ% %e‘%eufjfrf %ﬁ@%ﬁ% g;t Sa
nea?l y eéuog%%a]t H‘({a@%a%/% e%%?%ﬁ%fowéeg%éﬁ?a eréqg%%)lj?gngs 0 aétic;r}fiaald; i f
't avi o &9 TSR E S icnd PR of e jretly 0B 10%hq.a,
wevel engt o S REAEL L e Pt MEPCEBATC, TR kel £ Lppar atus
of Lhe abaute apDeCle fRier A SO GAL N itk WPALOG, (WS4 W OUROM, opf 1 02

systens and projection optrcal system a e conpo

el enents elgctricall i . ' | if i i r,abl e that
operati ons'lg%é%)%lr?a}%rar/rfedt r}g‘ﬁ h‘gﬂ():fgégjhﬁr{%gﬁr% Iiolg&\-mcﬁ: h‘# hﬂgﬂi ‘?rrptt'e? a u%g&% sﬁp
controll ed. Wafers which have been subjected to exposure as described above
are furthét® MR PRIVl i ISHEATEReNE AHRT orhe PR hgl B ot her
processes to manufacture sem conductor el enents or other devices. This

i nvent i on displacenent eis tas t$eemboren she cl sghtrieceivng dekedyiont i ons
whi ch do not deviate fromthe essence of this invention nmay be enpl oyed.

Mor eover, syisitemel ki eht8b i scheoseesitione ahethe ishit olmages opkt odind
claims, drawi ngs, and abstracts contained in Japanese Patent Application
No. | O 327aBAf fat eal werthinirentiame 18y e 1OGed avyl Ad dwdared erSapeat ivepy | cati on
No.| O 366513 fil ed on Decenber 24, 1998, are cited and entirely

i ncor por atgxH heswe rwytw@f%n@ﬂ_@ﬁmé NPUSAR Ab2 APRd {ARt dd Ty BYotEads of the
first exposure nethod of this invention, by conparing neasurenent val ues
for measureivess. In actuality, the slit images F1f and F2f vibrate
in opposite directions on essentially a straight line, as
shown in Fig.5, so that on the wafer 7 it appears that the
illumination light Fl1 and F2 moves in mutually opposing
directions by an amount Ad, as shown in Fig.7(b).

On the other hand, in the state of Fig.6, in the case
that the focus position in the wafer plane is displaced by
an amount AZh as shown in Fig.8(b), the illumination
positions of the illumination light Fl, F2 are moved by

amounts Ah as seen from the light-receiving optical system

118a, 118b, indicated by the positions Fl1', F2'
63



113 13 D E C 2002 points common to a first and a second focu4 &@Eﬂizgglg
detection system drift and other errors in the neasurenent val ues of t
focus position detection systens can be determ ned and corrected. Hence
there is the advantage that the defocusing amount of the inmage plane of the
projection optical systemfromthe surface of the substrate for exposure
can be detesdpstii ¢l gh Df eS| MMy Y b dikid I RXOOSH €ne VbhHR 1 great |y

| owering throughput. 'Further, the inage plane of the projection optical

system carnids ¢ oiredl 1 Idn{ALEUSEA Dt LRE, Sk fSeeeRé ddfesUDBIA&T £ T or

exposure without greatly |owering throughput, and the substrate can be
exposed tqt i e tern nathird focus position
detecti on%s’ygﬁeémea%ooﬁu%@%ﬁ (F;Iaédleafete%n :g})gtasﬁr}ﬁ'e of focus of the nask

i mge on the substrate by detecting a prescribed mark via the projection
optical system as idhthe2 hZhewdnfod, the frequenc¢lpf use of this focus
position detection systemcan be reduced, and focusing precision can be
rai sed. Al so, byAseahswnfihhBi§i8¢h)expheupesdppansat ug ehet biLsti imageson,
the first exposure nethod of this invention can be used. In the second

exposure neiHothPrrd HanGEE AN SRASHT Sh APRAF 1S USaRé éi‘féc"cfa!ﬁ,“tw“thﬁe

second illumnation systemis fixed to the exposure nain unit, and t

first illum j femi up. i € n he exposure nain
unit, so ;ﬁga%ﬁ%ée)&o;qllsca‘%“dsigenﬁé%&n&#e]%g’gp%g%ée&ﬁ%%ti%’b‘fﬁ‘ce to 114 i
3 DEC 20p S ' 1t rafed mdway,.and there is

al so the ?ﬁ%%@pﬁ hgaﬁlmgo%éa*lfggi%i%ﬁﬁ a]tsylo?gtd%e o%%sl’é]g?c%?rht of the
exposure b i i tic sysiem can_be raised. Hence
when purgi ﬁgé’%%?&f%%é%%?%e%gn%bﬁ}?%ﬁ%%% oynulé@%?%r%f vﬁ:et?% ﬁfja sm ssi ve
gas, the i ci.entdy.. Waen suppl yi t enper at ure-control | ed
gas to t hgﬁ%a erégsef%e?ere}rgtif%énd‘ f%lgé; io glf%?ale%%k‘?f%%b€$‘é%‘f€g?? ySY%t?}'ér al | el
with the mask, the tenperature of the mask can be ( , controlled with high
preci si on E\Aay i ¥180 |Rifi hHI9HE S AR €Thpot 15 Rhipebecones &he | ar are
installed. The third exposure apparatus of this invention conprises a

t enper at urkeasghienAntyaia e head righe | torus @As i ton oen ttize opafeml pat hs of
measur enent beans and for the substrate, so that when using an

i nterferorfitgiaqey fudsufQr thidpbititbn Ui the Stebkewine thege (wafer
stage), there is the advantage that the tenperature of the optical path of
t he i nt er fEFERQSMeRIa N i tWakeln SWitReels chdegmt e dofthéie substrate
for exposure, can be controlled near a target tenperature with high

preci si on.MGGFUNRMEHY rial s ok Ukhe afpriraitpes biiemi s iFereer icombining
tenperature-controlled gas is supplied to the substrate via the space

bet ween t hthssistmtods tde R 2EANDIFpi8 calf st e &igel adcemage nader ,
so that there is the advantage that the tenperature of the substrate for
ﬁgosur e o dife WRGide! in Gl radd e @I WEsitee R én PEge agifon ppti cal
) and if Ad is the displacement due to the change in angle of

the vibrating mirror 57, then the measurement value Afdl of
the focus position for the slit image F1f changes by
(Ah+Ad), and the measurement value Afd2 of the focus
position for the slit image F2f changes by (Ah-Ad). That
is, in the state of Fig.6, if it is assumed that adjustments

are made such that Afdl=Afd2, then the average value of both

. measurement points <Af>, and the average value 8f of the
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~ 3 DEC 2002 / / systemwi th a short working distance. By supp’l\'-giaggﬁgegﬂnzz
tenperature-controlled coolant to the interior ‘'of this retainin s
increases in the tenperature of the projection optical system and substrate
‘can be prevented, even when heat is generated by various sensors or sinlar
installed on the retaining nenber. The first nmethod of device manufacture
of this | nyepidand@hdiedtlvant a0k, OhefBaPbho: [P MBALT 2EL L of devi ces
wi th high precision using the exposure nethods of this I nventi-on. By neans
of the thigdh gxposure method of this invention, errors in substrate
position information can be determ ned with hardly any reduction in

t hroughput, and the surfa of th trate can be precisely aligned with
t he i mage pl ane of the pf§?6cri66%8352?§P§£§sten1 and the substrate exposed
to the inage of the mask pattern. By neans of the fifth exposure apparatus
of this invention, the ti{dAbxpdse(AhrAdNQd20F tAhi s i nventi o) can be used.
And by neans of the second device manufacturing nethod of this invention,
the fifth exposure appargus N tion can be used to manufacture
devices with high precis?%n. gég&f éfgﬂ 2002 | 7 CLAIMS 1. An exposure
met hod in which the image of the pattern of a mask is projected onto a
substrate on a substrat e=s{ 44B+ddd-4ABr8dadvi2oiT 86ti cal systéd
characterized by conprising: using a first focus position detection system
which, by illummabtingr widhds, beisen dverdes ecaiva, <Ab> i GetNe WEbbug espect to
an optical axis of the projection optical system c a first set of a
plurality of  hea e PRLRLS_on_a rface f det ection. .on_an object

pl ane si deP osrl% érgén En{%é %#%%em% %‘ér%? 'tl%én%rgf‘%c Y’%nl%g'tl?%ﬁ?téggt em
i'ndividual ]y detects focus_posjtions, which are sitioned in the optical
axi s direc%géﬁFeRe?%% Eﬁur%fif?h%fs ES%W%ﬁ%ﬁthgin?%f)aﬂﬂoée%E%Gngn?%cus
position detection systemwhich, by illumnating with a beam for detection
obl i quel y W€ nS3Be g S?%ﬁ?ﬁ%toﬁ?+%ﬁlr%RF§§e%t§eEBﬁda%E¥abfa%?%*ﬁr%ﬁity of
measur enent, points on the surface for detectjon, individually detects the
focus posiThymEe atn tHee pfeFus | P9S HFL1ARS soR bRt SPpBfAEe; o f nkhei vatekel  of a
plurality of neasurenent poiftsaggqségglsecond set of a plurality of

measur enemngotine saverdge value ergbsiferente guitwees udse afndug |y in
common; detecting focus positions at the comobn neasurenent points using

agebfkrgf Posli SESRNIAF QL USAPAS| FbpPedeheSt tRE 8¥$EENRA iA7theN ~ X, W~ .

measurement values arising from irregular displacements or
similar in the optical members of either of the first or
second oblique-incidence AF sensors. Hence by using the
c Y two illumination light beams F1, F2 illuminating the same
measurement point, drift in the measurement values arising
from optical members of the oblique-incidence AF sensors
117, 118, and the change in the actual wafer focus position,
can easily and accurately be separated.
In this example, as shown in Fig.2 and Fig.3, a
second inverting optical system is employed, consisting of
the two-face reflecting member 66a of the first AF sensor

and the mirror 66b of the second AF sensor. By this means,
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performng calibration of detection results of the first and éefggﬁai%ﬁ
position detection systens based on the detecti'on results; and, i Ef

the image plane of the projection optical systemon the surface of the
substrate by using the detection results of at |east one of the first and
second focus position detection systens. 2. The exposure nethod accordi ng

to claim oy RdLdds Gthed fd¥letdifple s FUbSREPD LIAGHS MRSt on |

detection systens illumnate the vicinity of  the conmon neasur€nment points
W th beams (RS M e 4 Ay T A {fet4 NS, and
the reflecte i?’lght of the eéh15%r deteé?y%ﬁﬁ+s det ect ed. %. fﬁ% éﬁ%osure

met hod ac ' o L ng -, oL, &1 aci gl ' : met hod
further ugde)édjérp%l? rdf%rgécus—ﬂ%osﬂlt ilgénf%d%?%g?%h srs&st%%dav%ﬁ e%eé%t t he
focus state of, t mask and the substrate, by tectpn via the projection
opt | car oylicrh A JE5E o e PRt LfeRa L YATIF o hathe sHECUS cebond nar k
on the substrate stage; when detecting the focus positions at the conmon
measur enerposidi inrs, usy metdmmining trel seeoage forlise posfs i amd dehect i on
systens, if a difference in the detection results reaches a prescribed

state, the,Jacise Yalf @{cﬁé‘?grkféleex{?é K PG d Sr?ea%m?éx{éﬂx? Va1 il &hed by

the third focus position ction system and,
the illumination light F1, F2 based on the above eqgs.(2) and

(3), the drift alone can be accurately separated.

(.- The above principle of the method for separating drift
in measurement values is here summarized, referring to
Fig.9. In Fig.9(a), if, among the first or second oblique-
incidence AF sensors 117, 118, there occurs drift in the
illumination slits 54a, 54b (block 141); fluctuations in the
vibration center of the vibrating mirror 57 (block 143);
drift in the optical members of the first light-transmission
system 117a (block 142); or drift in the optical members of
the second light-transmission system (block 144); then if

) the above first inverting optical system is absent, then the

illumination light F1 of the first AF sensor of Fig.2 and
the illumination light F2 of the second AF sensor of Fig.3
move in the same direction on the wafer, indicated by the
arrows DAl and DA2 in the figure.

The following Fig.9(b) shows that the illumination
light F1 and F2 vibrate in the opposite directions as
indicated by the arrows DAl and -DA2, as a result of placing
in the light-transmission system a first inverting optical
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118 13 0 E C 2002 based on the detection results, calibrationldd D& 2002
detection results of the first and second focus position detection systens
is perforned. 4. An exposure apparatus, having a projection optical system
‘which projects an image of the pattern of a nmask onto a substrate and a
substrate stage which positions the substrate within a plane substantially

per pendi Cuézyg%t%@ #Pﬁe ORI+ £5E 6%k SaRh ¢ -Péé’éeféf?é‘c?i?ﬁ%%ﬁ%xgﬁ%ﬁ_}@f%) and

characteri urther conprising: a focusing stage, ves’ at
| east eith an S ' he, di | i cal
axi s of thgg%é%Fe£¥$gh oS?%@gﬁP%Es%%ﬁégaiﬁ?éétb?oéﬁéﬁ%gg??%%%hg%@%%tion
syst em whi Y| | haf,l | b on, . I Qe 1.4 h
eapect tobtres s AR a1 06y OEAT L L EREELOR LS. Ao 2 0
of a plurality of sur emrent | on_ a, surf for tection n
obj oct pl ANVS: £ SREHAET FheBRtibdncte L ERY B of BerTbnSdpctndl
system indiyi 1y dete focus_ positions lch are positioned in the
opti cal ax?@ydﬁ%gttidﬂl%Ig{ié %?%V%I€$§£bf %Eégﬁ?éﬂ%nfnp56%t£}ggﬁﬂ a second
focus position.detectio systen1mh%ch b¥ iIIuni@atigg mééh a ggan1for
det ect i on, *TBTHEIRY ySYF YR 2sPRCrPE ol PHEr BPRY QP AR SYE k&R oh8 et ¥oT a
plurality of nmeaspyrenment points op_the surface f efection | east sonme
bt “Whi ch af EoS Rt eTF by JRetbEE ofGR GRAHRHREST | FEpT cbEEasE T, | ERS

direction of motion of the illumination light F1l due to

drift, and the direction of motion due to changes in the

focus position are reversed, as indicated by the arrows -DAl

and -DBl. And Fig.9(e) shows that, when drift occurs in

the optical members of the first light-receiving system 118a

(block 148) and when drift occurs in the second light-

receiving system 118b (block 149), the images of the

illumination light F1 and F2 move in the same direction, as

indicated by the arrows DCl1 and DC2.

In Fig.9(e), if the left direction of the

illumination light Fl1 is the + direction, and the right

direction of the illumination light F2 is the + direction,

then overall the vibration directions of the images of the

illumination light Fl1 and F2 are the same for changes in the

wafer focus position, and are reversed for drift in optical

members. Hence by substituting the measurement values Afdl

and Afd2 for focus positions measured using illumination

light Fl1 and F2 respectively into egs.(2) and (3), changes
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13 DEC 20D2 of plurality of measurenment points, individually d¢ﬁhg£g ﬂM?
focus positions at the plurality of neasurenent” points; wherein the
focusing stage is driven, based on detection results of at |east one of the
first and second focus position detection systens, to focus the imge pl ane
of the projection optical systemon the surface of the substrate. 5. The

CXPoSLUT ¢ AMRA Rl URcBELP! £600s | QoSl 810N Tanglaf BFE Cbak o DicEHEAPELy

conprising: ~a - I r position detection system whi
focus Stat§%§§r%ﬁ@3935k and the substrate, by detecting at |east one of a
first mark the mask and a second mark on the substrate stage via the

proj ection optical sxéagy%%?$§e€ ggg&é0|???i%ggl&niSP’tgéSEﬂieniﬁgg?ornB

detection results of ocus pbs etection system pe

cal i brati oy pfot Nender eELL OloT eSHLLE Bha' BE the o1 2diaggaNE, EOGESCRES Ui on

det ection systemns. exposure apparat us accordi ng _

chov acter | §8sob bEnhehiB: | 438 FRRGTFEREN: SELEVECEHbD,debesbine Sytem
positions, can be performed even during exposure of the

wafer 7. However, in order to perform more stable

measurements, for example the reference mark member 8 can be
moved to the exposure area of the projection optical system

of Fig.l while the wafer is changed, and the slit images

Flf, F2f projected simultaneously onto the surface of the

reference mark member 8 and the respective focus positions

measured.
It is desirable that the drift Add and Adi also be

separated for the measurement values at other common
measurement points in Fig.4(c), that is, at the measurement
points at which the slit images Fld, F2d are projected, and

R at the measurement points at which the slit images Fli, F2i

are projected. By for example averaging these drifts Ad,
Add, Adi (or by interpolating), the measurement point drift

Ad' at each of the measurement points on which the slit
images Fla to Flk and slit images F2a to F2k are projected
can be determined. Where the measurement point drift thus
determined is concerned, by for example performing offset

correction in the control device 110 of Fig.l in which the

value Ad' is subtracted from each measurement point of the
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of the common neasurenent points wth beans for detection which ﬁblﬁfﬁez hf
mutually different directions; |ight-receiving systens which rec 0
reflected |ight of the beans for detection; and 120 ~'1 3 DEC 2002
‘detection systens which synchronously detect the detection signals fromthe
i ght-receiving systens, in sync with the vibration of the beans for
detection._/, xposure nethod, usjn R, exposure.light source which
gener at es 5?%@;%12 LAt d&é‘?‘n ‘é&%%gu&% nﬁ?na%%?? é\ﬂl% c"cr\)ol-ds a mask and
a substrate, and in which the exposure beamis used to fransfer a pattern
of the nadREIFHEERPRE ROLRE RE tRASSPRIAE 23R8, brl hgtR®aracterized in

that: '.. a first illum pation systemwhich transmts the exposure beam
fromthe cRPRSWFENEREhYakwes cEOF sthephbrsbdaPAdeperentl ySersere RaP®sure
main unit; a second illum nation system which guides the exposure beam from

the first théudriftidd' syshevedo t hBparpofuowe this, ubhé asglexedftthéhe
exposure main unit; and, the optical paths of the exposure beamwthin the

first ill Lﬂ%f’l_@iﬁ?nSEa(Sf@m i®a1 haRis hgdasesement | bBNF D@l 2 oana Y6t epnhar e
each substantially sealed. 8. The exposure nethod according to claim?7,

harbing of Fig.3 may be changed, so that the drift Ad' of
the measurement values cancels. Subsequently, the effect
of this drift Ad' is removed, and so the first and second

( oblique-incidence AF sensors can be used to focus the image
plane on the wafer surface with higher precision.

At this time, the first and second oblique-

incidence AF sensors can be used without interrupting the
exposure process, so that when determining the drift Ad®

there is almost no reduction in the throughput of the
exposure process.

Based on the above egq.(2), at the common measurement
points on which are projected the slit images Fld, F1f, Fli
and the slit images F2d, F2f, F2i as in Fig.4(c), the
average value of measurement values of the first and second
oblique-incidence AF sensors may be taken as the focus
position. The drift of the measurement values of the AF
sensors is removed from these measurement values, and so the
wafer focus position can be detected with high precision,
without correcting for drift at these common measurement

points.
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characterized in that: gas which is transm ssive with respect togtj‘nm -
exposure beamis independently supplied to the optical paths whi Zﬂﬂh
substantially seal ed; and tenperature-controlled gas is supplied to the
vicinity of the mask, substantially in parallel with a pattern formation
face of the mask. 121 , Y SS, . ~ 3-DEC 2002 9. An exposure appar at us,

having an exposugg fhﬂBte§9ﬂﬁié “@héhfﬂﬁﬁﬁrih@éréﬂn@xaﬁﬁﬂéﬁlbgﬁﬂtéﬁd an
exposure mai n unit which holds a mask and substrate, and in whch the

exposur e herd) i Gl 8ISt Hhd rARdfd EnPet £h g &[ﬁti@ﬂ f@f%té}{?té)ﬁé heGélS‘bSt rate;
t he exposure apparatus bei ng characterized by further conpr|5|ng a first

i | 1umi natign S@/&glﬁmommcﬁ Y ciepesrlonid yrdoper i e cxpgsur e main unit,

which transmts t exposure beam fromthe exposure t“source; and C - a

second il g %%ﬁg%eﬁéXf¢?$()ifﬁb un1natfﬁ% UPéée1M@ﬁ§h gui des

t he exposure am emtt romthe first systemto

t
iﬁ?fiﬁ[irf@éﬂe. ; t'hat e PIRer EoRPRNe 1 BONMICLERLO OnR ﬁ‘?‘*%h%e
first ill fé(?ffkgyé@éﬂnée&é’gfoéﬂ &%Q”c]?é(%é Q{E?]aét?e eac
and ga Vv

substantially se transms e WI respec e exposure

b d

beam I | per d% RHEILTS, L SAIFIR G el i apelet R
h t hat f tt
charac o 46 i 181c 8305 e LB e 01c BB BIDOUAS 0 oo

conj ugate yi 4Ly, 163 vgﬂldé oPRLIELO LT IRtAPN {208 L LhP SPgkealld thal

a field stop 1S positione i NCl nce
= number of optical members can be detected.

In the above aspect, as inverting optical systems,
for example the mirror 6la of Fig.2 (single-face reflecting
member) and the two-face reflecting member 61b of Fig.3 are
combined; but in addition, combinations such as those of
Fig.10 or Fig.1l1l may be used. That is, as an inverting
optical system, a rod-shaped optical member 120 as shown in
Fig.l10(a), neither concave nor convex, and a single-face
reflecting member 121 with one face trapezoidal and causing
a single reflection as in Fig.l10(b), or a combination of two
optical members 122, 123 as in Fig.l1l0(c), as well as a
combination with a three-face reflecting member causing
three reflections, may be used. In addition, as inverting
optical systems, the mirror 124 (single-face reflecting
member) shown in Fig.ll(a) may be combined with a two-face
reflecting member which combines the two optical members

125, 126 in Fig.1l1(b) to cause two reflections, or with a
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-, J,.~y, _rr ~AF . ~ ~~ ~ ~"13 DEC 2002 12. An exposure app t
conprising a projection optical systemwhich projects an inage o?fg @QTZM&
of a mask onto a substrate, and a substrate stage which holds the substrate
"and positions the substrate in both first and second directions, which

i ntersect each other; the exposure apparatus being characterized by further

COMPI | Si NkycR dolcleS o IR R 29 10 S rich! UL AP g Y o

respectively tect the positions in irst and secon ections of the

substrate s 408, § AL HRET3 l‘tri r.3aNidPle ARG R IR lddSonsSecond,

and third ower outlets to supply tenperature-controlled gas to an optical

path of the meaguieRPle RIAMARN: {8 hidublers o HMNTBLE inded PPt | Cl

pat h of the neasurenment beam e second Interferoneter, to the

substrat e, “cﬁ%z%ﬁc%h‘é‘%'e\ﬁ{,hér’fr tHe nﬁ&&%&“rﬁﬁ%@;ﬁgﬂ‘.gzﬁﬁ@or(@i dlteo-f%'cae! m 12,

(o)
characterlfe In tnat: irTst Interferonete Seco

interferoq%g%éégxya ﬁ?ﬁ§é}f1ﬁ€¥§%¥€%%ﬂféf¥éc.%§§;H%§$’f1¥%§u frojection

optical systém adl at’dd ef erence _ ird bl ower
o4t ot FAIE ST S el SRR A bR RS e
e s o RS, IR Vet S o T e o0
03 <o) SlselE an, oot o SR ARG fE AL IIERE 10"
dev, oe WAL oL S SO AR 0% Lo ARy Ve P o ded
ool ot on, PRl YA I S R AR T 1
{0 o0l SO VATIE Ay v, S SN S 00 01 1
ohay 2ot o RS VR o BEEEE F RANE R D 2
onto a Su%ﬁ%H%é;ion exposure apparatus of Fig.l is explained below,

referring to the flow chart of Fig.13 and to Fig.l14.

First, in step 501 of Fig.13, after the sequence for

exposure of a plurality of wafers to a reticle pattern has

been started, in step 502 a decision is made as to whether

to perform an interval baseline check; when this is to be

performed, execution proceeds to step 503, and the surface

of the reference mark member 8 is moved to the exposure area

of the projection optical system 11 as shown in Fig.l. At

this time, the XY stage 2 is positioned such that the

centers of the reference marks 8b, 8e in Fig.15(b)

essentially coincide with the centers of the alignment marks

437, 43B respectively of the reticle 12 in Fig.l. In this

state, in step 504, the RA microscope including the image-
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a substrate stage which positions the substrate within a pIane13 DEC.ﬂmz
substantially perpendicular to an optical axis of the projection optical
system a focusing stage which drives at |east one of the nask and the
‘substrate in a direction of the optical axis of the projection optical
system a first focus position detection systemwhich, by illumnating with

a beam f Ore HALHK | MemdtY | 118! ahdM il ESASE lal Dyriih O diftr 46, Ard he

proj ection optical system a first set of a plurality of nmeasur ement poi nts

on a surfaged Qo WKL db FF e €L £ p&t?é‘eoéééiﬁx?é‘%n%hrﬁf‘ d4nhe 13 DE C

2d02 i mage pIane side of the projection optical system individually

detects f %dﬂﬁéhﬁ”ﬁéﬂbé?‘ﬁéﬁ”ﬁﬂééﬁ%?hérbﬁéﬁk pptical axis direction
an

of the pIura |ty nmeasurenment points a second focus position

det ection syst e Wi &0 e b1 4%@&}&%%&% dgset o fif p‘fm"}a]Tity of

obliquely with respect o t e ‘opti axis, a secon

u
subst ant | ﬁﬁf%’#&lﬁ‘?ﬁﬁ%& & ?‘ﬁ““‘ff Ty Sy PR g o2 }f“?f“m ¥ reasur srent
poi nt s, || Jie s e d QoS PO | 00 S D

neasurenent TUT e Of “an: exposur e apparatus

char acte“é?q?pbly AR D (fhnd b s f&é'&@%r&’é’%%eam A geletipne

exposure | source enerates an exposure an expos re mai n

uni t which holds a mask and
F1f, the focus position Afdl is measured via the first

oblique-incidence AF sensor 117a, 118a of Fig.2;
simultaneously, at the illumination point of the slit image
F2f which is a common measurement point, the focus position
Afd2 is measured via the second oblique-incidence AF sensor
of Fig.3. In the following step 505, the control device
100 of Fig.l calculates twice the value of eq.(3), that is,
the quantity 2¢3f = (Afdl-Afd2), which is twice the drift of
the measurement values, and determines whether the absolute
value of the result is less than a tolerance value. The
() tolerance value is set at a prescribed value, for example,
smaller than the width of the focal depth of the projection
optical system 11. If the absolute value of 2<3f is greater
than this tolerance value, execution is transferred to step
507, and the control device 110 uses a TTR AF sensor 8-10,
17 to determine the image plane of the projection optical
system 11 as described above, and in the state in which the
surface of the reference mark member 8 is aligned with the

image plane, focus positions are measured at each of the
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substrate; a first illum nation system supported independentlﬁéir t he
exposure main unit, which transmits the exposure beamfromthe ﬂﬁgbﬂmm
light source; and, a second illum nation system fixed to the exposure nain
unit, which guides the exposure beamemtted fromthe first illum nation
systemto the exposure main unit. 125 , > ., ~~ 3 DEC ~0OQ- .. 18. A

met hod of yEu{AGidne R ifts P oS o ARPAT Al diSse&drid B Bl '\Z&dix*i}yidence
assenbling, In a prescribed positional relation: a projeciion-optical

system whigh JUii & 1 2, | IPPE Ald PP £ 'PSke Qe S guPStnL e 2

substrate stage which holds the substrate, and which positions the

substrat e {fl GidL K eddd Syt 400 kAU SLIPNS, UEh Lbaters each

other; a first interferoneter and a secon nt erf er onet er i ch detect

the positi | fd S ' j i
Lhe oSt ignseddud he, Tty s, S th i G5t RIS RERSNEY OF doe
wafer, the first or second oblique-incidence AF sensor is

used to perform focusing by the auto-focus method.

On the other hand, if in step 505 the absolute value

of 2+0f is lower than the tolerance value, then execution
proceeds to step 506, and by applying offsets of +b0f, that

is, *(Afd1-Afd2)/2 to the measurement values of the first

and the second oblique-incidence AF sensors respectively,
calibration of these AF sensors is performed. Thereafter,
operation proceeds to step 508. After completion of
exposure of one wafer, a decision is made in step 502 as to
whether to perform an interval baseline check; this interval
baseline check is performed upon exposure of a prescribed
number of wafers (for example, one wafer, two wafers, or

3 some other number).

In this example, if for example performing an interval
baseline check for every wafer, if for example Zfl and Z2f2
are the measurement differences in the focus positions on
the wafer surface measured using the first and second
oblique-incidence AF sensors for a single measurement point
in Fig.4(c) (for example, the illumination point of the slit
images F1f, F2f), then the measurement difference Zfl (or
Zf2) changes as indicated by the curve 133A in Fig.l4(c).
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a tenperature control device, having first, second and tﬁffﬁ72£' out | et's
to supply tenperature-controlled gas to an optical path of a 32ﬁ£€dﬁm2
beam of the first interferoneter, an optical path of a nmeasurenent beam of
‘the second interferoneter, and onto the substrate, respectively. 19. A

met hod of manufacture of an exposure apparatus | to transfer the inage of

the patt - t ' j et td t
© pattelgh b%,gg@genbﬂflﬁoﬂ%’f P ety i’ﬁ%f‘gpf@{f’f 1€ PP ?é)snéé’z em

characterize ng, I n a prescribed’ pos onal rela

oyl i ndri cal; fetal g FPIRSE £0Y 644 N StEeReflnd W QIRE A ONiRRL O3
ol d ch supplies,

system and a t ehper at tr'e contr evi ce [ froman aperture
passcs ¢ ot wr €y SS et gt WaFBEP Sne " GRREL RS PO 300 M O (00 of
the projection optical_ systemand the retaining nenber onto the substrate.
20. A deviiefnuf ab? I nkt oY, L2hatSictRri SxymBle coRiTe sty @ hrecets for
transfer of the pattern of the mask onto the substrate using the exposure
met hod acchelitglemance in step 505 of Fig.13, and indicates that
after completion of exposure of the first, the third, and
the eighth wafer, the absolute value of the difference in
the measurement values of the two AF sensors exceeds the
tolerance value, and that the TTR AF sensor is used to
execute calibration.

On the other hand, the curve 132 in Fig.14(a)
represents one example of the measurement error Zfl (or Zf2)
of an oblique-incidence AF sensor when performing
calibration using a TTR AF sensor after the end of exposure
of the xth (where x is for example one lot) wafer Cx. The
curve 133 in Fig.l4(b) represents one example of the
measurement error Zfl (or Zf2) of an oblique-incidence AF
sensor when performing calibration using a TTR AF sensor
upon exposure of each wafer. Whereas in the case of
Fig.l4(a), there is the possibility that the measurement
error of the focus position may exceed the focal depth, in
the case of Fig.14(b) the measurement error is small, but
throughput is greatly reduced. However, in the case of
Fig.l4(c) of this example, the frequency with which the TTR

AF sensor is used is low, and so throughput is not greatly

reduced, while the curve 133A is essentially equal to the
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any one of clainms 1 to 3, 7 and 8. 21. An exposure method i n \h3chHE@ Mok
Is illumnated by an exposure beam and a substrate is exposed to the
exposure beamvia a projection optical system characterized by conpri sing:
‘illumnating, with a first beam a plurality of neasurenent points on a
surface for detection on at |east one of an object plane side and an inmage

pl ane 'si de.ffyd NP O 6] Dhhierty N 114 YRt Yid a second

beam nmeasurenment points, a ast one of i's set at substantially the

sane posi ty. t t I [ asurement points; and
P Héﬁh%ﬁiﬁ?ﬁéﬁ%ﬁ;ﬁgﬁgﬁ% g 1€ DA I de HindE p

detecting p or the substrate In a prescribed direction

o ong Lhe OpU coke Rl Safbehle oLausEh) op oRb! SALuSYALeBBEaLiEnayc! o8t one

of the nmeasurenen pbin “by usin he 1 _ sec eans.
cxpostr e A el BBRLS 4R il S £ B g o
system charaghaiifab PiFowr ' sipdy 3 #00) bl 6 ) Whsly N L ik 127
part of a wafer 7 for exposure; in Fig.18(a) and (b), the
areas 7b enclosed by dotted lines toward the center of the
wafer 7 are areas in which the wafer surface is essentially
flat and focus positions can be measured with high precision
- by oblique-incidence AF sensors 117, 118, and in which
focusing by the auto-focus method (including auto-leveling)
based on this is possible. On the other hand, the ring-
shaped areas 7a in the rim part are areas in which, for
example, variations in the wafer thickness are comparatively
large, so that wafer focus positions may fall outside the
measurement range of the oblique-incidence AF sensors 117,
118, and it is difficult to perform focusing using the auto-

focus method.

At this time, when exposure is performed in a shot area
SA which extends into the areas 7a and 7b as shown in
Fig.18(a), and the shot area SA is moved into the exposure
area of the projection optical system, suppose that of the
plurality of measurement points for the focus position by
the oblique-incidence AF sensors, the measurement point 162
farthest from the wafer center is in the area 7a. In this

case, the wafer 7 is moved along the straight line 160
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13 DEC 2002 which a first beamillumnates a plurality of rreasu‘lraergaEnq 2002
points on a surface for detection on at |east one of an object plane side
‘and an image plane side of the projection optical system while a second
beamil |l um nat es nmeasurenent points, at |east one of which is set in
substantially the same position as the plurality of neasurenent points on

the surfagRuadd 49eWd ¥t At dMSddH HthaANd e GRS BeaEn g URed 20

detect position information for the substrate in a prescribed-direction
al ong an qpf ijgal paXia-ef ﬁd“%a%féﬂl@tdf)%dtdﬂlfﬁédscmsoﬂtﬁae&“ﬁ{ethe at | east

one of the neasurenent poi nt s. . The exposure apparatus accordlng to
cl ai m 22, dif 4 RAlrddi RS {dANAPIRALICN SRR I1d Pt o
the first secon beans ogﬁfou y mnf% respect to e optlca axi s of

t he proj ectﬁfeoge%@d@ﬁﬁ/% I%ﬁie‘@!rfé}:f Hﬁfttl{é) 3\{2)%1%'}%1fc?§6cﬁé)rarea

det ecti on from-nut ual rent i ons e exposure

appar at us 3CCof Rt xfé-ﬁr{&%?erﬁfe Hraldl f%goﬁ‘scr%e at d 284 fdl:&sjﬂaéh%]he

position det'ection System'sets sone or a east one of t

t f
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A devi ce re met &i7e conprisi a process
transfer t e pattern of a mask onto a substrate by using the exposure
appar atus of any one of clains 22 to 25. 27. The exposure appar atus

according Lo ol 3y % SR AEer! hth el oL ey [ éigﬁ]haggmgtm@ system

conprises an optlcal ng a d exposure

appar at us agcordl "G £ A n 2 SIS ﬁgggerf pERlEe ks

i 11 uni nation syst’em conmpri ses A aving a

mechani smy nghg{q%%%emﬁe%o%ageé LR bt Qe gL Al AT O ) ai m 28,

characterlz purpose o r|V|ng nec an| mTs prOV|ded to

bl fe f
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position measurements are performed. By this means,

comparatively high focusing precision is obtained without
greatly lowering throughput.

In cases where a shot area SA at least part of which
extends into area 7a is exposed, as shown in Fig.18(b), as
another method, a substitute shot area SA2 for performing

focus position measurements using oblique-incidence AF
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13 Decenber 2002 having a driving nmechani smincl udes an attenuaxﬁ whi ch
attenuat es the exposure beam 33. The exposure ‘apparatus accordi é BBCdﬂWZ
one of clainmse 9 to 11 or 27 to 32, characterized in that the exposure main
unit has a first support nenber to support the projection system which
projects an image of an pattern of the mask onto the substrate, and the
second i | I4uHdtd ofk SHRIRINY Sl hd Qulde 8] Sncd UL cipfg the
first illumnation systemis supported by a second support nenmber

| ndependentyfy {ifd |1t SHRDPTIAID Sthe epddlfr & RASHT 0 AR A
accordi ng tuo cﬁlat??n: 33% cthar act erl?zed in ?hatp tLﬂ'gr exposure C?i ght sfgﬁlrr%:ge IS

posi ti Onedfr#)éel%ﬁf}%ftﬂl;téﬂe Yuddlerddds mSLRRO! ttﬂ@?ﬂe@éﬁﬂiéﬂé%ond

support me he exposure apparatus according to ¢ or claim
34, h i i t i t
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the exposure area, and after aligning the angle of

inclination with the image plane by the auto-leveling

-

method, the angle of inclination of the Z-leveling stage 3
may be locked and the shot area SA moved to the exposure
area, and exposure performed. In the auto-leveling method,
control need not be performed in the scanning direction (in
this example, the X direction), and control may be performed
only in the non-scanning direction (in this example, the Y

direction) intersecting the scanning direction. Hence in

77



40. The exposure apparatus according to any one of clainms 37 to 343 DED’Z[][}Z‘
characterized in that the first support nenber ‘and the second support

menber are positioned on the sane base. 41. The exposure appar atus
‘according to any one of clains 37 to 40, characterized in that the exposure
| ight source is positioned independently of the first support nenber and of

the Secon%ﬁ'ﬁ%){(é),”%ﬁ@rinﬁinﬂ&&%w& @@p&{@tzﬁlmm%gﬁ\{bﬁﬁgﬁ the

pattern of a mask onto a substrate, using an exposure beam

Decenmber 20023 gRberatied AP SXRIR o -i%&l}lirggg&q GEir&dyaeterized by

conprising; an 1llumnation “systemwhic he exposure beam fromthe

exposure 110t o chie! pbhe FBSkcrantna Ebbst bbLEELOAtbENCHR! haedp oyl ded

within the illumnation system Hing a plurafit opti ca rs

ari b b i1 . . . "
b(rala\r/neni ngl%dﬁl%égtl{%&pl%j al {yzdo%]-%ﬁpgtl calfé]erre_ L%S%g rs]lugfs't af_r:ﬁ ai | ys‘gwecgl ed.
43. The exposiy emftpp e@éﬁﬁé%&%ﬁé% t&fi«%&éﬂf‘rﬁ:i&é}?&é%ﬁré £ n?alp}go
conprising a supply I'ce which supplies gas, transm ssive W respect to

the g o \Pﬁe@&”té }éé&f&?ﬁﬁ%f&#&& oAl {bn A (e SXPASIL APRRE at us

according to claim42 or cla urtther  conprising a second 111 um nation
system unif. whic [ 0, ir i1 | on
system uni I%l‘ﬂ;i t kﬁaéﬁjm%{ieéﬁ ﬁ%%ﬁg%%%&%ﬁw%%ﬁ%i ‘(S:t%e siupipj%gr{gi*??e
Phe subst ravade shatbhien e T sbiet e bR ol T st ot em
support merbert TR R RS TN nac | B SYbrant Bne S FIRALE A ¢
support ne r, € i hat i On’ syste i t'0 t he
fi.rst support nenber.. 45 . The.exposur.e a rat us, .accordi to, cl ai m 44,
char act er i Y8 h "E%tb? r%r?YJr%?a(s?fip%rﬁ ‘%B%%eéya t %tls% n ‘suap rt
menber are_positioned on.the same base. 46. The exposure ratu
accordi ng e BT hyan o?f o rﬁaﬁ%‘—,‘e%‘haﬁ%%fae? zglami' rt%‘éﬁ?a%g?e?( ot:kﬁ?e | i ght
source is positijo i ndependently, of, the fir support. menber angd the
second suptarteTenbeEDRAEE L led T i oa R e o elfoa T
whi ch an i e of a pattern of a mask is transferred opfo a supstrate via a
b oj ect ogc'im ‘\fA:c:_a‘?‘;Ey%‘L( eﬁ%@?%}?:—e%l%@ Spyi et %%%’F%’Pﬁ#g %%@a?husi ng the
exposure bea ich.is generate om an_exposur e sour.ce, e
exposure LT hr S LAREREL rfand °fh WefRRrity ThEPL 20 € mirtery e
exposure beamfro he e posur | ight source to the mask via an
1 Pam nat | O AL ATRCH R as AF ofRTear fertliy TRTIE S AF1 SPRIPFrechani sm
which is a_source .vibrations: supporting. the optical, el enent of the
"1 G nat SO cbr et paihente % RO bt T RO LA e ThERRer : “an
driving the, dridl o9 APCLRLSP® WA MU gL A0S 8 i8%hg may also be

provided on the side of the reticle stage 50 to control the

focus position and inclination of the reticle 12, and the

stage driven based on the measurement values of the AF

sensor on the side of the reticle 12; or, instead of

providing a stage for focusing on the reticle stage 50, the

Z-leveling stage 3 may be driven based on both the

measurement values of the AF sensor of the reticle 12, and

the measurement values of the two-axis AF sensor.
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the vibrations to the first support nmenber. 48. The exposure "E?gﬁﬁ
according to claim47, characterized in that the driving mechart Eg 2002
provided to drive the optical nmenber to change the illum nation conditions
of the mask by the exposure beam 49. The exposure nmethod according to
claim47 or claim48, characterized in that an optical path within the

iITunination systgm ¢qpkal a'nag s'elt® noP AlFC 3le n¥BHE nal \s' Fel Bg g 3%%

mechani smwhich is a source of vibration is substant y seal € a gas

wnich is teaRpohSRt e ohbhe! CERER! akObBCogiRATH! En eggbh§a§39g&éed 0 the

il lumnation system 50. A device manufacturihg netho racterfze

conpri si ngy Q%DHQGQSéoh l&@éfg gaPQEEeEB?EEﬁﬁrgﬁign%s tr@ﬂgfgﬁﬁggith

substrat e, ing the posur aratus of any one of clains 1 or 27
to 46. 13

AR AR %%iﬁiﬁg PRINES ARIATRGIR FRORE APORAT AR AbOR( TG, AFRE

AL &A@ bl o Ry ndl pEpe Bkl Br- flafBe entiiely

A ol OB B Mvi%?s\eé‘%rﬁ[@%ﬁaﬁ af, heagt e

ﬁ?,aA%SA%% %@éi@e‘ig %&FVQIA%E%‘K@%& Q%EAA‘@AEE‘*A%““RL N. AQu. A9$3?Zc

11 T<AV[ ~Q
U{vqlgb]X]%aTca}ca]ca]ca]ca]c a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c

2 cafcal cal o2l cebgal pa) CaLgRl SmRLeRRlgLenledal ¢\ ad £roject ion
;ﬂga?tlfg]%géf%%f%g%@%%%*gf%afﬁL%%g ta # E sgourse this invention can

$ $Z$@%@é?%%%vq ai?% %%%]iﬁ]Eafc%?ﬁﬁa?EaTBa?gg]SﬁfgﬁYfea?BBTnggﬁ]Ca]ca]c

a§J]<C<3]<Ca] R eS8 ke afohi it Ry Foarafar apemone

a]ca]ca]ca&féigglgfég ?iﬁ@ Cfl&ﬁicaér in the case of a charged-

particle exposure apparatus which uses an electron beam, ion

beam or other charged particle beam as the exposure beam,
where an auto-focus method is used to control the focus
position of the substrate for exposure.

Next, a second preferred aspect of this invention is
explained, referring to Fig.19 through Fig.22. This
example applies the present invention to a step-and-scan
type projection exposure apparatus as a scanning exposure
type apparatus.

Fig.19 shows the projection exposure apparatus of this
example. In Fig.19, a base member 201 consisting of a
thick sheet-shape foundation is installed on the floor in a

prescribed cleanroom; to an edge of this base member 201 is
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caJca) ca]ca] ca]ca]ca] ca]c"a]ca] ca]ca] ca]ca]ca]ca]ca]
ca] ca] ca] ca! 2024%5 the excimer laser light source 250a, a KrF excimer
laser light source, ArF excimer laser light source, or F,
laser light source or similar can be used. However, this
invention can also be applied to cases in which a YAG laser
high-harmonic generation device, solid state laser light

source, or mercury lamp or similar is used as the exposure

light source 250. The individual members on the base
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example, the horizontal plane), the X-axis is taken parallel

to the plane of the paper in Fig.19, and the Y-axis is taken
perpendicular to the plane of the paper in Fig.19. The
exposure area IFW in this example is a long thin rectangle,
and the scanning direction of the reticle 208 and wafer 218
during scanning exposure is the Y direction.

First, a plate-shape support member 227 is mounted on

anti-vibration tables in for example three or four places on
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227. The anti-vibration table 233 is an active-type anti-
vibration table, comprising air pads and electromagnetic
actuators for vibration; by for example mounting a plurality
of acceleration sensors on the support member 227, and
driving the electromagnetic actuators in response to
detection values of these acceleration sensors, vibrations
transmitted through the base member 201 to the support
member 227, and then to the exposure main unit, as well as
vibrations generated as a result of stage driving or other
phenomena in the exposure main unit, can be rapidly
attenuated.

On the bottom face of the support member 227 is hung a
plate-shaped wafer base 217 via for example four first
columns 214, so as to enclose the lower part of the
projection optical system 209. In a state with no
vibrations, the upper face of the wafer base 217 is parallel
to the horizontal plane (XY plane), and on the wafer base
217 is mounted, via an air bearing, a wafer stage 224,
freely movable in the X and Y directions. On the wafer
stage is held by suction the wafer 218 via a wafer holder,
not shown. The wafer stage 224 is driven in the X and Y
directions on the wafer base 217 by for example a linear

motor. However, this linear motor consists of a mover

82

10%



N~

0B 10B; s109B& () - Ff,! 109B& ()- W&BbC L!10% & ()-'9' 1000u& 0)3 @EJG)?W ;
- 10% U& ()- 10% U& ()-3'10% U& ()-b@! 1"10%JU& ()- '10% U& ()-$ 0
-3 10 U110 U 10 U;s10% U& ()- *110% U& ()-B(gst~"?4@10 Uf; 10%
-19) % 0%JU& () -
fixed to the wafer stage 224 and a stator fixed to a support
member (not shown) fixed to the base member 201, in a
configuration in which almost no load is born by the wafer
base 217. Instead of hanging the wafer base 217 from the
support member 227 via the first columns 214, the wafer base
217 may be placed on the base member 201 via an active-type
anti-vibration table provided separately from the anti-
vibration table 233. In addition, a plurality of wafer
stages 224 may be provided, in order to increase the number
of wafers exposed in unit time and improve throughput.

In the wafer stage 224 is incorporated a Z-tilt
mechanism (including the Z-leveling stage 3 of Fig.l) to
control the focus position (Z-direction position) and
inclination angle of the wafer 218. Two perpendicularly
intersecting sides of the wafer stage 224 are finished to
mirror surfaces 224x, 224y (Fig.21), and a measurement beam
from a laser interferometer irradiates these mirror surfaces
as perpendicularly intersecting movable mirrors to measure
the position and rotation angle of the wafer stage 224 in
the X and Y directions; based on this measured value, a
stage control system, not shown, controls the position and
velocity of the wafer stage 224.

In Fig.19, adjacent to the side of the projection
optical system 209 on the bottom face of the support member

227 are installed a pair of optical-type oblique-incidence

auto-focus sensors (hereafter "AF sensors 211, 212")
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consisting of a light-transmission system 212 and light-
receiving system 211, and an off-axis type alignment sensor
213, for example of the image-processing type. The light-
transmission system 212 projects slit images onto a
plurality of measurement points in the exposure area and
nearby areas on the wafer 218 using a detection light AFB,
and the light-receiving system 211 receives the light
reflected from this plurality of measurement points,
refocuses these slit images, and generates a focus signal
which indicates the amount of defocusing from the image
plane of the measurement points corresponding to the lateral
shift of the refocused slit images. A stage control
system, not shown, focuses the image plane of the projection
optical system 209 in the exposure area on the wafer 218
even during exposure, by driving the Z-tilt mechanism within
the wafer stage 224, using an auto-focus method based on the
focus signal and an auto-leveling method.

The alignment sensor 213 illuminates the alignment
mark (wafer mark) on the wafer 218 with illumination light
ALB, and the image signals obtained by capturing the image
of this mark are supplied to an alignment signal processing
system, not shown. The alignment signal processing system
performs position detection of the alignment mark based on
these image signals, and from the position detection results
uses, for example, the enhanced diagonal alignment (EGA)

method to calculate array coordinates for each shot area on
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between the detection center of the alignment sensor 213 and
the center of the pattern image of the reticle 208 (exposure
center), is determined in advance; based on the array
coordinates for each shot area, corrected by this baseline
amount, the wafer stage 224 is driven, to perform high-
precision alignment.

A plate-shaped reticle base 219 is installed on the
upper face of the support member 227, via for example four
second columns 210 positioned to surround the projection
optical system 209. In a state free of vibrations, the
upper face of the reticle base 219 is also parallel with the
horizontal plane, and on its upper face is placed via an air
bearing a reticle stage 207, free to slide in the X and Y
directions, and freely rotatable within a prescribed range.
On top of the reticle stage 207 is held by suction the
reticle 208. The reticle stage 207 is driven in the Y
direction by a linear motor, with a stroke which is longer
than the pattern area of the reticle 208. In the X
direction or the rotating direction, the reticle stage is
driven by actugtors using linear motors, voice-coil motors
or similar, so as to correct synchronization errors with the
wafer 218. Here also, the linear motor consists of a mover
fixed to the reticle stage 207, and a stator fixed to a

support member (not shown) fixed to the base member 201, and
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configured such that almost no load is born by the reticle
base 219. )

The reticle stage 207 may consist of a coarse stage,
driven at constant velocity in the Y direction (the scanning
direction), and a fine stage, which, while holding the
reticle 208, is driven in minute movements in the X
direction, Y direction, and rotation direction with respect
to the coarse stage. In order to shorten the time to
change reticles during multiple exposure of a wafer and
improve throughput, a plurality of reticle stages 207 may be
provided; or, the reticle stage 207 may hold a plurality of
reticles in the scanning direction.

Movable mirrors (not shown) are fixed to two sides,
perpendicularly intersecting, of the reticle stage 207, and
a measurement beam from a laser interferometer, not shown,
is incident on these movable mirrors to measure the
positions in the X and Y directions and the rotation angle
of the reticle stage 207. Based on the measurement values,
a stage control system, not shown, controls the position and
velocity of the reticle stage 207.

On the reticle base 219 is installed a plate-shaped
support member 205, via for example four third columns 206
installed so as to enclose the reticle stage 207; and a
second illumination system unit 204 is placed so as to cover
the aperture at the center of the support member 205. In

this example, the exposure main unit 300 comprises the wafer
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base 217, wafer stage 224, first columns 214, support member

227, projection optical system 209, second columns 210,

reticle base 219, reticle stage 207, third columns 206, and

support member 205. By using the columns 214, 210, 206,

the exposure main unit 300 has a multi-level construction.

This exposure main unit 300 has no large driving mechanisms

which become sources of vibrations, and is configured as an

extremely stable stationary unit. Because the entirety of

the exposure main unit 300 is fixed to the support member

227, when the exposure main unit 300 vibrates in the 2

direction, the projection optical system 209, pattern

formation face of the reticle 208, and wafer surface

simultaneously vibrate by the same amount in the 2

direction, so that the conjugate relation between the

reticle and wafer is not disrupted.

During exposure, after moving the wafer stage 224 in

step movements to move the shot area for exposure on the

wafer 218 in front of the exposure area of the projection

optical system, step-and-scan operations are repeated in

which the wafer 218 is scanning in the -Y direction (or in

the +Y direction) with velocity f*VR (where f§ is the

projection magnification) via the wafer stage 224, in sync

with scanning at velocity VR in the +Y direction (or the -Y

direction) of the reticle 208 via the reticle stage 207, and

the pattern image of the reticle 208 is scan-exposed in each

shot area on the wafer 218. By means of scanning exposure,
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exposure areas of the projection optical system 209.

Next, the temperature control mechanism of the
projection exposure apparatus of this example is explained
in detail. The exposure main unit 300 of Fig.19, the
illumination system unit 204 of Fig.2, the first
illumination system unit 203 and support 202 are housed in a
chamber, not shown; in this chamber, dry air or other gas,
controlled to a prescribed target temperature and with
chemical matter causing dust and clouding removed by a HEPA
(high-efficiency particulate air filter) filter and chemical
filter or similar, is supplied continuously by the down-flow
method from blower outlets, for example in the ceiling, of
an air-conditioning device for overall air conditioning.

The supplied gas is returned to the air-conditioning device
via, for example, exhaust outlets, not shown, positioned in

the base member 201.

In order to compensate for the obstruction of this gas

~——

by the support members 205, 227 and the reticle base 219 and
similar, a partial air-conditioning device 215, 216
consisting of a blower mechanism 215 and exhaust mechanism
216 is positioned on the side of the wafer stage 224, and on
the side of the reticle stage 207 also, a partial air-
conditioning mechanism 237 consisting of blower mechanisms
237a, 237b and exhaust mechanisms 237c, 237d is positioned.

The optical paths within the light source 250, light-
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transmission system 251, optical axis adjustment mechanism
234, and illumination system unit 203, 204 are sealed and
supplied with gas which is transmissive to the exposure
light IL1, and purging is performed so that this gas is
maintained at the prescribed concentration.

Fig.20(a) is a cross-sectional view showing the
optical members, mainly in Fig.19, from the optical axis
adjustment mechanism 234 to the reticle 208. In Fig.20(a),
the exposure light IL1 from the exposure light source 250 of
Fig.l19 passes through the relay optical system in the light~
transmission system 251 and is incident on the optical axis
adjustment mechanism 234. The optical axis adjustment
mechanism 234 consists of a mirror 234b with variable
inclination angle which bends the exposure light IL1 into
the cover member 234a fixed to the support 202 and controls
the angle within a prescribed range, and optical path-
shifting members 234d, 234f, consisting of parallel glass
plates with variable angle of inclination, which shift the
optical path of the exposure light ILl1 in a direction
perpendicular to the optical path. The optical path within
the cover member 234a is essentially completely sealed by an
incident-plane window member 234e and by an emission-plane
window member 234f; the interior is filled with gas which is
transmissive to the exposure light ILl.

When the exposure light IL1 is KrF excimer laser light

(wavelength 248 nm), transmissive gases include, for
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ol 10t, 1Q%B§§s§} §1§9§ %ngelength 157 nm), the transmissive gas may

be for example nitrogen gas (N,) or helium gas (He); when the
wavelength of the exposure light IL1 is shorter than 150 nm,
the transmissive gas is helium gas. In particular, helium
gas is chemically stable and has a thermal conductivity
approximately six times that of nitrogen gas, and the change
in refractive index upon change of gas pressure is
approximately 1/8 that of nitrogen gas, and thus offers the
advantages of high cooling effectiveness and stability of
optical characteristics in an optical system. Within the
cover member 234a is positioned a gas concentration sensor
(not shown) which seals the interior; when the concentration
detected by this concentration sensor declines, the gas is
supplied to purge the interior of the cover member 234a via
a pipe, not shown.

Exposure light IL1 which has passed through the
optical axis adjustment mechanism 234 passes through the
aperture 202a of the support 202, and is incident on the
first illumination system unit 203. The first illumination
system unit 203 comprises, in order from the incident plane
side on the inside of the cylindrical cover member 203a, an
attenuator unit 238 comprising a variable ND filter which
attenuates the quantity of light; a uniform-brightness

optical system 239, including a relay lens and optical
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aperture stop switching unit 240 capable of switching the
aperture stop of the illumination system between a ring-

shaped aperture, variable-illumination aperture, aperture
with variable coherence factor (o value), or similar; relay

optical system 241; and variable reticle blind mechanism
242. This variable reticle blind mechanism 242 is placed
at a position slightly defocused from the conjugate plane
with respect to the pattern formation plane of the reticle
208; at the start and end of scanning exposure, by closing
the illumination area IF on the reticle 208, the transfer of
unnecessary patterns onto the wafer is prevented. The
attenuator 238, illumination aperture switch unit 240, and
variable reticle blind mechanism 242 are respectively linked
to a light quantity variation driving unit 235, illumination
aperture driving unit 236, and variable blind driving unit
247; these driving units 235, 236, 247 are supported by a
support 202 via a frame, not shown. Between these driving
units 235, 236, 247 and the support member, not shown, which
supports the attenuator 238, is maintained a gap enabling
the flow of gas.

The incidence face and emission face of the cover
member 203a are each sealed by a window member, and the
optical path of exposure light IL1 within the cover member

203a is also essentially completely sealed; this interior is
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removed, nitrogen gas, helium gas, or similar). A
concentration sensor 203b for the sealed gas is positioned
within the cover member 203a; and this interior is
connected, via a pipe 282 positioned along the support 202
and comprising valves 283A, 283B, to a gas tank 281 storing
the gas, and for example in a different room. In this
example, when the concentration of the gas detected by the
concentration sensor 203b declines, by opening the valves
283A, 283B and supplying gas such that the leaked amount of
gas is compensated, the optical path within the first
illumination system unit 203 can be kept constantly filled
with gas, without wasting gas.

On the other hand, the second illumination system unit
204 comprises, in order from the incidence face within the
cylindrical cover member 204a, a fixed reticle blind 243
(fixed aperture stop); relay optical system 244; mirror 245
for optical path bending; and condenser lens system 246,
with no driving mechanism present. The cover member 204a
is fixed to the support member 205 of the exposure main unit
300 in Fig.19. Because there are no driving mechanisms in
the second illumination system unit 204, no vibrations or
other adverse effects are applied to the exposure main unit
300. The incidence face on the side of the second

illumination system unit 204 is sealed by a fixed reticle
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unit 204 is sealed by a window member 204b, and the optical
path of exposure light IL1 within the cover member 204a is
also essentially completely sealed, and the interior filled
with gas which is transmissive to the exposure light ILl.

A concentration sensor 204c for the gas is positioned within
the cover member 204a, and the interior is connected to a
gas tank 281 by means of a pipe 284, positioned along the
anti-vibration table 233 and columns 210, 206 of Fig.19, and
comprising valves 285A, 285B. The pipe 284 is supported
near the center of gravity of the exposure main unit 300
(the position at which the rotational moment during
vibrations is smallest), and configured such that this pipe
284 does not exert adverse effects on anti-vibration
control.

In the second illumination system unit 204, when the
concentration detected by this concentration sensor 204c
declines, by opening the valves 285A, 285B and supplying gas
so as to compensate for the amount of leaked gas, the
optical path within can be continuously filled with
transmissive gas. Hence because the brightness of the
exposure light IL1 is always kept high, the time of exposure
of the wafer can be made short, and the throughput of the

exposure process is improved.
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side of the reticle stage 207 in Fig.19 and the exhaust
mechanisms 237c, 237d, is represented in a single room,
virtually isolated. As shown in Fig.20(a), gas Al
controlled at a target temperature and with dust and similar
removed within the partial air-conditioning mechanism 237 is
supplied to the reticle 208, in parallel with the pattern
formation face. By this means, through the second
illumination system unit 204 and the support member 205 of
Fig.1l9, worsening of air flow near the reticle 208 is
eliminated, and the temperature of the reticle 208 is
precisely maintained at the target temperature. Hence the
magnification error of the image of the pattern of the
reticle 208 on the wafer 218 is extremely small. And
because fluctuations in the optical path of the measurement
beam of the laser interferometer used with the reticle stage
207 are reduced, the precision of measurement of the
position of the reticle stage 207 is improved.

The air Al is for example dry air with ozone and
chemical matter causing clouding removed; but if the
wavelength of the exposure light IL1 is shorter than
approximately 200 nm, because even dry air contains oxygen,
absorbance is increased. However, because the optical path
in air Al is short, the amount of absorption of exposure

light IL1 is low enough to pose almost no problem.
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expensive compared with air, are used in large quantities,
operating costs will be increased.

However, in order to raise the transmissivity with
respect to the exposure light IL1, it is desirable that a
highly transmissive gas such as nitrogen gas be used within
the partial air-conditioning mechanism 237 as well. When
the wavelength of the exposure light IL1 is near 150 nm, as
in the case of F, laser light, and when the wavelength is
shorter than 150 nm, it is desirable that nitrogen gas,
helium gas or similar be temperature-controlled and supplied
within the partial air-conditioning mechanism 237 also.

The partial air-conditioning mechanism 237 is
connected to an air-conditioning device, for example located
outside the chamber, by a pipe, not shown; this pipe is also
positioned along the columns 210 of the exposure main unit
300 and the anti-vibration table 233, and supported near the
center of gravity of the above, configured such that no
effects are exerted on anti-vibration control.

In Fig.20(a), a fixed reticle blind 243 is installed
at the incidence plane of the second illumination system
unit 204, which plane is at the boundary between the first
illumination system unit 203 and the second illumination
system unit 204 in this example. Fig.20(b) shows, for

simplicity, the state in which the mirror 245 for bending

95



| "4109%& ()-Fy 109 ()- 109 ()-F109%& ()-; x~dE: / 13 DEC 2002
10t FS210%& () - FLO! 10%& ()-FF. 10%&' ()- S, 109& ()-Y *gl0%& ()-FY( 10%&' ()- ~
H#$UR3XMHC 10t F% 10% & ()- 10 10 10Yf; 10%& () - YSBMLOY%&' ()- YL6 10%& () -
Y410%&' () - 3bGJENDC 10t 10% & ()-3y10% & ()- s10% & ()-3 10% & () -3y

10% & ()- sz10% & () - FOM.kbCbC 10t 31 10% & () - 3y! 10% & () -

VE1096 &' ( yechal datr paltdi (Dhed SRR 1) rdewidtiuiie @l Q& (D04

90*10% & ()- f&I0W & ()-3Y"10% & ()-3S '10% & ()- = 10% & ()-d=b@

10t ! &10% /i (Piq N4 )& i -omitted. In Fig.20(b), the fixed reticle
blind in the incidence plane of the second illumination
system unit 204 is, for example, a shield film 243a covering
the incidence face of a glass sheet with a slit-shaped
aperture formed therein; this aperture and the illumination
area IF of the reticle 208 are in a conjugate relation.
Exposure light IL1 from the first illumination system unit
203 is incident on the aperture of the second illumination
system unit 204 so as to cover it with some added margin.
Here, even if for example the first illumination system unit
203 vibrates at a high frequency relative to the partial
air-conditioning mechanism 237, as indicated by the two-dot-
one-dash lines Pl and P2, the quantity of light incident on
the aperture of the second illumination system unit 204 does
not change. Hence there is no change either in the shape
or position of the illumination area IF of the reticle 208,
and a pattern image of the reticle 208 can always be
transferred accurately onto the wafer.

Next, the air-conditioning mechanism on the side of
the wafer stage 224 of Fig.19 is explained, referring to
Fig.21 and Fig.22.

Fig.21(a) is a plane view showing the wafer stage 224
of Fig.19; Fig.21(b) is a front view which omits the light-
transmission system 212a of Fig.21l(a). As shown in

Fig.21(a), there is an exposure area IFW, long in the X
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direction, at the center of the projection optical system
209 indicated by the two-dot-one-dash line and including the
optical axis AX. In this exposure area IFW, and at the
nearby plurality of measurement points, focus positions are
measured by the AF sensors 212, 211 of Fig.19. The AF
sensors 212, 211 of Fig.19 consist, as shown in Fig.21l(a),
of a first AF sensor 212a, 21la comprising a light-
transmission system 212a and light-receiving system 211la,
and a second AF sensor 212b, 211b comprising a light-
transmission system 212b and light-receiving system 211b.
The light-transmission systems 212a and 212b project slit
images by means of detection light AFB onto a plurality of
measurement points along the directions D1 and D2, which
intersect. The corresponding light-receiving systems 211a,
211b receive the light reflected from the plurality of
measurement points and refocus each slit image, to generate
focus signals corresponding to the amount of defocusing at
each measurement point. That is, the first and second AF
sensors are each oblique-incidence multiple-point AF
sensors, and from the defocusing amount information at the
plurality of measurement points, the average defocusing
amount in the exposure area IFW on the wafer 218, and the
average inclination angle with respect to the image plane,
can be determined.

In this example, the first AF sensor 212a, 21la and

the second AF sensor 212b, 211b emit detection light AFB in
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sensors are used. Further, part of the measurement points
of the first AF sensor and of the second AF sensor are
common. By measuring defocusing amounts for common
measurement points using the two AF sensors, and for example
computing the differences of the measurement points, the
drift in the measurement values of the AF sensors can be
determined. The AF sensors 211, 212 of Fig.19 have
configurations similar to those of the AF sensors 117, 118
explained in the first aspect, and so a detailed explanation
is here omitted.

As indicated in Fig.21(b), the tip part 209a of the
projection optical system 209 opposing the wafer 208 is
narrow. The optical system of the tip parts of the AF
sensor light-transmission systems 212a, 212b and light-
receiving systems 21la, 211b is bent, and is positioned on
the side of the tip part 209a of the projection optical
system 209. Similarly, the tip part 213a of the optical
system of the off-axis type alignment sensor 213 is bent,
and is positioned on the side of the tip part 209a. The
straight line connecting the center of the tip part 209a
(detection center) and the center of the exposure area IFW
(optical axis AX) is parallel to the Y-axis (scanning

direction). Illumination light is emitted from the tip

part 213a toward the mark for detection, and light reflected
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element in the alignment sensor 213 via the tip part 213a.

As shown in Fig.21(a) and (b), the side face in the -X
direction and the side face in the +Y direction of the wafer
stage 224 are each finished as mirror surfaces 224x, 224y to
serve as movable mirrors; and the reference mirror 223X for
the X-axis corresponding to the mirror 224x, and the
reference mirror 223Y for the Y-axis corresponding to the
mirror 224y, are fixed on the -X-direction side and +Y-
direction side faces respectively of the projection optical
system 209. Further, a reference mirror 222 having a
reflective face substantially perpendicular to the X-axis
is fixed via a support rod 221 on the side face on the -X
direction side of the tip part 213a. A measurement beam
223XM and reference beam 223XR are made incident from the X-
axis laser interferometer 220X on the mirror 224x and
reference mirror 223X respectively, at prescribed intervals
in the Z direction. The laser interferometer 220X measures
the X-coordinate of the wafer stage 224, taking as reference
the reference mirror 223X.

A measurement beam 222AM and reference beam 222AR are
made incident from the laser interferometer 220A on the
mirror 224x and reference mirror 222 respectively, at
prescribed intervals in the Z direction. The laser

interferometer 220A measures the X-coordinate of the wafer

stage 224, taking as reference the reference mirror 222.
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are made incident from the laser 1nterferometer 220Y on the
mirror 224y and reference mirror 223Y respectively, at
prescribed intervals in the Z direction. The laser
interferometer 220Y measures the Y-coordinate of the wafer
stage 224, taking as reference the reference mirror 223Y.

The optical axis of the Y-axis measurement beam 223YM
for the wafer stage 224 is positioned on a straight line
which passes through the optical axis AX and the detection
center of the alignment sensor 213; the optical axis of the
X-axis measurement beam 223XM is positioned on a straight
line passing through the optical axis AX and parallel to the
X-axis. The X-axis measurement beam 222AM is positioned to
pass through the detection center of the alignment sensor
213, on a straight line parallel to the X-axis. As a
result, by using the measurement values of the laser
interferometer 220X during exposure, and using the
measurement values of the laser interferometer 220A during
alignment, even if rotation of the wafer stage 224 about the
Z-axis (yawing) occurs, the X-coordinate of the wafer stage
224 can be measured with high precision while suppressing
the occurrence of Abbe errors.

The measurement beam 223YM consists for example of two
measurement beams positioned at prescribed intervals in the
X direction; from the difference in the Y-coordinates

measured by these measurement beams, the rotation angle
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As indicated in Fig.21(b), the heights of the
measurement beams 223XM and 223AM (similarly for the
measurement beam 223YM also) are shifted downward from the
surface of the wafer 218, so that if rotation of the wafer
stage 218 about the Y-axis (rolling) or rotation of the
wafer stage 218 about the X-axis (pitching) occurs, Abbe
errors are included in the measurement values for the X-
coordinate and Y-coordinate. In order to correct for these
Abbe errors, in actuality the measurement beams 223XM,
222AM, 223YM are each separated into two measurement beams,
removed in the Z direction; and from the differences in the
coordinates measured using these two measurement beams, the
amounts of rolling and pitching are measured.

As shown in Fig.21, AF sensors 212, 211 and an
alignment sensor 213 are positioned on the side of the
projection optical system 209, and the working distance of
the projection optical system 209 is considerably short, so
that if blowing temperature-controlled gas from the side
only, it is difficult to maintain the temperatures in the
optical paths of the measurement beams and reference beams
of the laser interferometers 220X, 220A, 220Y, and the
temperature of the exposure area IFW on the wafer 218,
within the tolerance range of the target temperatures.

Further, if fluctuations in temperature occur in the optical

101



S 10%—!&' ()-$@0°Af—i&' ()-3 10 lp 10 f;lO%l&' (O-2i J dIEbC F oy 10%#1' (gg& %qﬂz
10948 () - 109%4& () -1:110%4& () -yl0%& ()-s!10%& ()-J b@F !,'1 &10% -
CM109%& ()-F% 10%&' ()-F 10H 10H 10H S; 10%14& () -L$! 10%1& () -$' (}"?4@ 10F@
109 ()-3& 1109 ()-!3S'10%r& ()-3S'109%& ()-!,f&L0%& ()-, f&LOWS& ()-()*Bz
{AEdE@ 10,)10%4& ()-!3f 1 10%H& ()-! 3t &10%BH3H&' () -
SV10%&' ()pd€HO%H& Ke -mddsurement beams or reference beams, errors

may occur in the measurement values. Hence in this

example, a partial air-conditioning mechanism is installed

on the side of the wafer stage 224 also.

Fig.22(a) is a plane view showing the positioning of

partial air-conditioning mechanisms 215, 216 in Fig.21(a).

Fig.22(b) is a front view of a cross-section along line BB

of part of the members of Fig.22(a). In Fig.22(a), the

blower mechanism 215 and exhaust mechanism 216 are

positioned so as to surround the projection optical system

209. The blower mechanism 215 comprises a box-shape guide

member 287; pipe 288 which transfers gas A2 which has been

temperature-controlled from an outside air-conditioning

device, not shown, and which has had dust removed by an HEPA

filter and chemical filter; branch unit 286 positioned

within the guide member 287; Y-axis blower unit 286y; and X-

axis blower unit 286x. As the temperature-controlled gas

A2, in this example dry air with the ozone removed is used;

but nitrogen gas, helium gas or similar may also be used.

The branch unit 286 divides the gas A2 supplied via

the pipe 288 among the blower units 286x and 286y. The Y-

axis blower unit 286y is housed within a blower path 287c

extending in the direction of the Y-axis reference mirror

223Y within the guide member 287. With respect to the

blower path 287c, the wafer stage 224 is installed at a

height such that even if the wafer stage 224 moves in two
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the blower outlet 287 y is formed facing downward
diagonally. The blower unit 286y blows gas sent from the
branch unit 286 diagonally downward via the blower path 287c
from the blower outlet 287y, as shown by the arrows Ayl and
Ay2. The gas indicated by the arrow Ayl is supplied to the
optical path of the Y-axis reference beam 223YR and
measurement beam 223YM in Fig.21, and the gas indicated by

the arrow Ay2 is supplied to the exposure area IFW of the

o~
3
L

projection optical system 209 on the wafer 218.

An aperture allowing the passage of the measurement
beams and reference beams of the X-axis laser
interferometers 220X, 220A of Fig.21 is provided in part of
the X-axis blower unit 286x. In part of the guide member
287 is provided a cylindrical blower path 287, so as to
cover the forward directions of the X-axis reference mirrors
223X and 222; the tip part of the blower path 287b is
extended in steplike fashion to the tip side of the
projection optical system 209, as shown in Fig.22(b),
leading to the blower outlet 287a. The blower path 287b is
also positioned at a height so as not to make contact with
the wafer stage 224 even if the wafer stage 224 moves in two
dimensions. An X-axis blower outlet 287x is formed on the
bottom side of the guide member 287, in the part opposing

the side of the wafer stage 224.
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"10% & () - F! ##310%e X-axis blower unit 286x of Fig.22(b) blows
temperature-controlled gas from the blower outlet 287x, as
indicated by the arrow Ax2, toward the side of the wafer
stage 224, which moves in two dimensions on the wafer base
207. This gas is supplied to the optical paths of the
measurement beams 223XM, 222AM of Fig.2l. The blower unit
286x also supplies temperature-controlled gas to the optical
paths of the reference beams incident on the reference
mirrors 223X and 222 within the blower path 287b, as
indicated by the arrows Axl and Ax3. Here the blower path
287b passes along the bottom face of the reference mirror
223X and the side of the tip part of the projection optical
system 209 to lead to the blower outlet 287a, so that gas
passing along the bottom of the reference mirror 223X along
the arrow Ax1l is blown out from the blower outlet 287a onto
the exposure area IFW, as indicated by the arrow Ax4. By
this means, even if the AF sensors 212a, 21la, 212b, 211b
and alignment sensor 213 are installed, and even if the
working distance of the projection optical system 209 is
short, temperature-controlled gas can be blown directly onto
the exposure area IFW, and the temperature of the wafer 218
in the exposure area IFW can be precisely controlled at the
target temperature. As a result, magnification errors in
the pattern transferred onto the wafer are extremely small,

control over line widths and other parameters is improved,

and in overlap exposure the overlap precision is improved.
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optical system 209, and opposes the blower mechanism 215.

As shown in Fig.22(a), the exhaust mechanism is divided into
an exhaust unit 289A facing the side of the blower path
287c, and an exhaust unit 289B facing the -X direction.

Gas passing through the environs of the wafer stage 224 and
flowing into the exhaust units 289A, 289B passes through the
pipes 290A, 290B and is returned, as gas A3 and A4, to the
air-conditioning device, not shown. By using an exhaust
mechanism 216 arranged in this way, there is the advantage
that turbulence does not occur in gas passing through the
environs of the wafer stage 224.

The wafer stage 224 of Fig.22 moves continuously in
the Y direction during scanning exposure, and gas from the
blower mechanism 215 is blown in a non-scanning direction
(the X direction) essentially perpendicular to the scanning
direction, so that almost no fluctuations occur in the gas
on the side of the mirror 224y (Fig.21(a)) in the Y
direction of the wafer stage 224. Hence the Y-coordinate
of the wafer stage 224 can be measured with high precision
during scanning exposure, and so synchronization errors
between the wafer 218 and reticle 208 can be reduced.

In this example, the illumination optical system in
Fig.19 is separated into a first illumination system unit

203 and a second illumination system unit 204, and the
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main unit 300, so that even if comparatively high-frequency
vibrations occur between the exposure main unit 300 and the
support 202, there is no change in the illumination area on
the reticle 208, and the pattern image of the reticle 208
can be transferred with high precision onto the wafer 218.
However, low-frequency vibrations such as axial shifts with
time in the exposure light IL1 (laser beam) emitted from the
exposure light source 250 may be corrected using the optical
axis adjustment mechanism 234. By this means, the
tolerance for vibrations occurring during exposure can be
increased. The interior of the projection optical system
209 may also be purged with the gas described above, and the
partial air-conditioning mechanism 237 shown in Fig.20(b)
provided on the wafer side also, with the wafer stage 224
positioned therein. The above-described gas may also be
only blown between the first illumination system unit 203
and the second illumination system unit 204, between the
second illumination system unit 204 and the partial air-
conditioning mechanism 237, between the partial air-
conditioning mechanism 237 and the projection optical system
209, and between the projection optical system 209 and the
wafer stage 224 (or the partial air-conditioning mechanism);

or, these spaces may be sealed, and the space purged with

the above-described gas.
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mechanism for blowing temperature-controlled gas onto the
exposure area on the wafer is changed from that of the above
aspect. In Fig.23, components corresponding to those in
Fig.19 are assigned the same symbols, and detailed
explanations are omitted.

Fig.23 is a partial cutout view showing the projection
optical system 209 and wafer 218 of this example. In
Fig.23, the projection optical system 209 is held within an
aperture provided in the support member 227 via a flange
226. A cylindrical retaining member 228 is installed on
the bottom face of the support member 227, so as to cover
the lower sides and tip part of the projection optical
system 209. A gap is provided between this retaining
member 228 and the projection optical system 209. In the
bottom face of the retaining member 228 is formed an
aperture 228c through which exposure light which has passed
through the projection optical system 209 passes; exposure
light which has passed through the aperture 228c illuminates
the exposure area IFW on the wafer 218. The interior of
the retaining member 228 is hollowed out through the use of
numerous ribs, not shown, and the AF sensors 212, 211 and
alignment sensor 213 are installed on the outer face of the
retaining member 228. By means of this confiquration, no

load is born by the mirrors or similar of the projection
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The tip part 209a of the projection optical system of

this example comprises a focusing characteristic correction
unit 231B, comprising a lens frame 231A to hold small-
diameter lenses, and movable parallel flat plates to correct
astigmatism (or coma aberration) or similar when employing
modified illumination. A hollow blower guide 232A is
connected, via a fastener 232B, to the aperture 228b
provided in a side face of the retaining member 228; the
blower guide 232A is connected to an air-conditioning
device, not shown. Air or other gas subjected to dust
removal and temperature control within this air-conditioning
device passes through the blower guide 232A, fastener 232B,
and the aperture 228b of the retaining member 228, as
indicated by the arrow A7, to be supplied to the space
between the retaining member 228 and the projection optical
system 209. Gas supplied in this way, after flowing in the
environs of the tip part 209a as indicated by the arrow A8,
passes through the aperture 228c of the retaining member
228, as indicated by the arrow A9, and is blown onto the
exposure area IFW on the wafer 218. Gas blown onto the
wafer 218 is then returned to the above air-conditioning
device via an exhaust mechanism, not shown.

In the interior 228a of the retaining member 228 of

this example is coiled a helical-shape transport pipe 230.
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and passing through a temperature-adjustment unit 229a at
the bottom of the support member 227, is supplied to the
inlet of this transport pipe 230. As this coolant CF, for
example, an inert fluoride liquid can be used; as one
example, Fluorinert (a brand name of U.S. 3M Corp.) can be
used. Pure water can also be used as the coolant CF.

Coolant CF passing through the interior of the
transport pipe 230 and flowing outside the projection
optical system 209 passes from the outlet of the transport
pipe 230 through a temperature detection unit 229b in the
bottom of the support member 227, and is returned to the
liquid supply device along the direction indicated by the
arrow A6. Because rough temperature control is performed
within this liquid supply device, the temperature adjustment
unit 229a need only perform fine adjustment of the
temperature of the coolant CF, for example so that the
temperature detected by the temperature detection unit 229b
approaches a target temperature.

As described above, in this example temperature-
controlled gas is blown directly onto the exposure area IFW
of the wafer 218 after passing through the space between the
projection optical system 209 and retaining member 228, so
that even if various sensors are installed in the vicinity

of the projection optical system 209, and even when the
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short, the temperature of the wafer 218, including the
exposure area IFW, can be accurately maintained near the
target temperature.

Because temperature-controlled coolant is flowing on
the side of the projection optical system 209, there is no
rise in the temperature of the projection optical system 209
or wafer 218 even if various sensors, which to some extent
are heat sources, are mounted outside the retaining member
228. In addition, flat parallel plates may be provided
nearer the wafer 218 than the movable flat parallel plates
shown in Fig.23, and the flat parallel plates exchanged if
the decline in transmissivity of illumination light due to
adhesion of material caused by resist or other factors
exceeds a tolerance value.

In the second aspect (Fig.19, Fig.23), the temperature
of the gas used in the above-described purging is
controlled; the pressure and humidity of the gas may be
controlled as well, and the AF sensors 211, 212 may be
single-axis instead of two-axis.

The AF sensors used in the above-described aspects are
not limited to synchronous-detection type sensors; for
example, an AF beam reflected by the wafer may be guided to
a line sensor, and based on the pixels of the sensor, the

above-described focus position may be detected. Moreover,

the illumination optical systems shown in Fig.l and Fig.20
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"10%& () - Rt drd94% {0n lopt PAP8P¥sddm is divided into a first and a
second illumination system unit; but a single illumination
system unit may be used, or this may be divided into three
or more illumination system units.

Examples of modifications explained in the above first
and second aspects may each be adopted in the other aspect.

In the above aspect, this invention is applied to a
step-and-scan type projection exposure apparatus; but this
invention can also be applied to a batch-exposure type
projection exposure apparatus such as steppers, as well as
to a proximity exposure apparatus, and also to a step-and-
switch type exposure apparatus and similar. This invention
can be applied to the exposure apparatus used not only in
the manufacture of semiconductor devices, liquid crystal
display elements, image-capture elements, thin film magnetic
heads and similar, but also of display devices (plasma
displays and similar), photomasks (reticles) and other
items.

When using excimer laser light or other far-
ultraviolet light as the illumination light for exposure,
quartz (Si0,) and fluorite (CaF,) or other material that
transmits far-ultraviolet light is used as the vitreous

material of the projection optical system and other

components. Further, the magnification of the projection
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The projection optical system may be a refractive
system, reflective system, or a catadioptric system
combining refractive lenses, concave mirrors and other
reflective optical elements. As a catadioptric system, an
optical system may be used in which a plurality of
refractive optical elements and two reflective optical
elements (at least one of which is a concave mirror) are
positioned on the optical axis, extending in a straight line
without bending.

Single-wavelength laser light in the infrared or
visible ranges emitted from a DFB semiconductor laser or
fiber laser as the illumination light for exposure may be
amplified by a fiber amplifier doped with erbium (Er) (or
with both erbium and ytterbium (Yb)), and a nonlinear
optical crystal used to convert the wavelength to the
ultraviolet for use as higher-frequency light. For

example, if the oscillation wavelength of a single-
wavelength laser is in the range from 1.544 to 1.553 um,

then ultraviolet light at a frequency eight times this in
the wavelength range 193 to 194 nm, that is, nearly equal to

the wavelength of ArF excimer laser light, is obtained; if
the oscillation wavelength is in the range 1.57 to 1.58 um,

then ultraviolet light at a frequency ten times higher, in
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The projection exposure apparatus of the above aspect
may be assembled by adjusting the illumination optical
systems and projection optical system, and by linking the
component elements electrically, mechanically or optically.
Here it is desirable that operations be performed in a
cleanroom in which the temperature is controlled. Wafers
which have been subjected to exposure as described above are
further subjected to development, pattern formation, bonding
and other processes to manufacture semiconductor elements or
other devices.
This invention is not limited to the above aspects,
and various confiqurations which do not deviate from the
essence of this invention may be employed. Moreover, all
the contents disclosed in the specifications, scope of
claims, drawings, and abstracts contained in Japanese Patent
Application No0.10-327651 filed on November 18, 1998, and in
Japanese Patent Application No.10-366513 filed on December
24, 1998, are cited and entirely incorporated herein by

reference.
INDUSTRIAL APPLICABILITY

By means of the first exposure method of this

invention, by comparing measurement values for measurement
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10%& () - 1¥dP¥&s (df the focus position detection systems can be
determined and corrected. Hence there is the advantage
that the defocusing amount of the image plane of the
projection optical system from the surface of the substrate
for exposure can be detected with high precision even during
exposure, without greatly lowering throughput.

Further, the image plane of the projection optical
system can be aligned with (focused on) the surface of the
substrate for exposure without greatly lowering throughput,
and the substrate can be exposed to the image of a mask
pattern.

When a third focus position detection system is also
used to detect the state of focus of the mask image on the
substrate by detecting a prescribed mark via the projection
optical system, as in the TTR method, the frequency of use
of this focus position detection system can be reduced, and
focusing precision can be raised. Also, by means of the
first exposure apparatus of this invention, the first
exposure method of this invention can be used.

In the second exposure method or the second exposure
apparatus of this invention, a second illumination system is
fixed to the exposure main unit, and the first illumination

system is supported independently of the exposure main unit,

so that the optical system from the exposure light source to
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optical system can be raised. Hence when purging these
first and second illumination systems with transmissive gas,
the gas can be used efficiently.

When supplying temperature-controlled gas to the
pattern formation face of the mask, substantially in
parallel with the mask, the temperature of the mask can be
controlled with high precision even if illumination systems,
support members, and similar are installed.

The third exposure apparatus of this invention
comprises a temperature control device having blower outlets
for the optical paths of measurement beams and for the
substrate, so that when using an interferometer to measure
the position of the substrate stage (wafer stage), there is
the advantage that the temperature of the optical path of
the interferometer measurement beam, and the temperature of
the substrate for exposure, can be controlled near a target
temperature with high precision.

In the fourth exposure apparatus of this invention,
temperature-controlled gas is supplied to the substrate via
the space between the side of the projection optical system
and a retaining member, so that there is the advantage that

the temperature of the substrate for exposure can be

precisely controlled, even when using a projection optical

115



10 103, ;109%&' ()-|i}~SH=)! 10( 10( 10(F@ 10% & ()-!3S "10%‘(&"()-95“3 DE .
"109% & ()-! Xs10% (& ()- Xs10%& ()- dBSH=)! 10! 3S)Z10% B- B& () - C 2002

3(z109B& ()-f 4" 109B& ()-Ss109B& ()- Ys- 109B& ()-3%40%B& ()-, b@!
1 @&10%& ()-S 110%& ()-Y$l 10%& ()-m 10B 10B 10B3S; 109B& () -
9*1 109B& ()-svwxy| qf [<)$l 10% & ()- 10 10 10YS;

109& () -! 32 HA (& 1 -d %ﬁ&/@v&c)rk@ 198 ke SO }ﬁffétf@%hi % & ()-!
y1 10% / & ()- yl10%&' ()-!,y-&10% ] & ()-!F, y-&10% /& ) 0%3.& ()-Y: =>?@n

16()%" g ‘(g‘)lo%én‘?péﬁatl@édt%@tfcﬁf’ed 1058 8akd £33 @Y% Bt ior 10f di¥{s 10/ FS,

retaining member, increases in the temperature of the
projection optical system and substrate can be prevented,
even when heat is generated by various sensors or similar
installed on the retaining member.

The first method of device manufacture of this
invention has the advantage of enabling the manufacture of
devices with high precision using the exposure methods of
this invention.

By means of the third exposure method of this
invention, errors in substrate position information can be
determined with hardly any reduction in throughput, and the
surface of the substrate can be precisely aligned with the
image plane of the projection optical system, and the
substrate exposed to the image of the mask pattern. By
means of the fifth exposure apparatus of this invention, the
third exposure method of this invention can be used. And
by means of the second device manufacturing method of this
invention, the fifth exposure apparatus of this invention

can be used to manufacture devices with high precision.
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1. An exposure method in which the image of the
pattern of a mask is projected onto a substrate on a
substrate stage via a projection optical system,
characterized by comprising:

using a first focus position detection system which,
by illuminating with a beam for detection, obliquely with
respect to an optical axis of the projection optical system,
a first set of a plurality of measurement points on a
surface for detection, on an object plane side or on an
image plane side of the projection optical system,
individually detects focus positions which are positioned in
the optical axis direction at the plurality of measurement
points; and a second focus position detection system which,
by illuminating with a beam for detection, obliquely with
respect to the optical axis, a second set of a plurality of
measurement points on the surface for detection,
individually detects the focus positions at the plurality of
measurement points; the first set of a plurality of
measurement points and the second set of a plurality of
measurement points having at least some measurement points
substantially in common;

detecting focus positions at the common measurement
points using the first and second focus position detection

systems;
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the detection results; and,

focusing the image plane of the projection optical
system on the surface of the substrate by using the
detection results of at least one of the first and second
focus position detection systems.

2. The exposure method according to claim 1,
characterized in that the first and second focus position
detection systems illuminate the vicinity of the common
measurement points with beams for detection that vibrate in
mutually different directions, and the reflected light of
the beam for detection is detected.

3. The exposure method according to claim 1 or claim
2, characterized in that:

the method further uses a third focus position
detection system which detects the focus state of the mask
and the substrate, by detecting, via the projection optical
system, at least one of a first mark on the mask and a
second mark on the substrate stage;

when detecting the focus positions at the common
measurement points using the first and second focus position
detection systems, if a difference in the detection results
reaches a prescribed state, the focus state between the mask

and the substrate is detected by the third focus position

detection system; and,
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detection systems is performed.

4. An exposure apparatus, having a projection optical
system which projects an image of the pattern of a mask onto
a substrate and a substrate stage which positions the
substrate within a plane substantially perpendicular to the
optical axis of the projection optical system, and
characterized by further comprising:

a focusing stage, which drives at least either the
mask and the substrate in the direction of the optical axis
of the projection optical system;

a first focus position detection system which, by
illuminating with a beam for detection, obliquely with
respect to the optical axis of the projection optical
system, a first set of a plurality of measurement points on
a surface for detection on an object plane side or on an
image plane side of the projection optical system,
individually detects focus positions which are positioned in
the optical axis direction at the plurality of measurement
points; and

a second focus position detection system which, by
illuminating with a beam for detection, obliquely with
respect to the optical axis, a second set of a plurality of

measurement points on the surface for detection, at least

some of which are substantially in common with the first set
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focus p051tlons at the plurality of measurement points;

wherein the focusing stage is driven, based on

detection results of at least one of the first and second

focus position detection systems, to focus the image plane

of the projection optical system on the surface of the

substrate.

5. The exposure apparatus according to claim 4,
characterized by further comprising:

a third focus position detection system which detects
a focus state of the mask and the substrate, by detecting at
least one of a first mark on the mask and a second mark on
the substrate stage via the projection optical system; and

a control system which, based on the detection results
of the third focus position detection system, performs
calibration of the detection results of the first and second
focus position detection systems.

6. The exposure apparatus according to claim 5,
characterized in that the first and second focus position
detection systems comprise:

light-trensmission systems to illuminate the vicinity
of the common measurement points with beams for detection
which vibrate in mutually different directions;

light-receiving systems which receive reflected light

of the beams for detection; and
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detection signals from the light-receiving systems, ;n sync
with the vibration of the beams for detection.

7. An exposure method, using an exposure light source
which generates an exposure beam and an exposure main unit
which holds a mask and a substrate, and in which the
exposure beam is used to transfer a pattern of the mask onto
the substrate, the exposure method being characterized in
that:

a first illumination system which transmits the
exposure beam from the exposure light source is supported
independently of the exposure main unit;

a second illumination system which guides the exposure
beam from the first illumination system to the exposure main
unit is fixed to the exposure main unit; and,

the optical paths of the exposure beam within the
first illumination system and within the second illumination
system are each substantially sealed.

8. The exposure method according to claim 7,
characterized in that:

gas which is transmissive with respect to the exposure
beam is independently supplied to the optical paths which
are each substantially sealed; and

temperature-controlled gas is supplied to the vicinity

of the mask, substantially in parallel with a pattern

formation face of the mask.
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9. An exposure apparatus, having an exposure light

source which generates an exposure beam and an expos;re main
unit which holds a mask and substrate, and in which the
exposure beam is used to transfer a pattern of the mask onto
the substrate; the exposure apparatus being characterized by
further comprising:

a first illumination system, supported independently
from the exposure main unit, which transmits the exposure
beam from the exposure light source; and

a second illumination system, fixed to the exposure
main unit, which guides the exposure beam emitted from the
first illumination system to the exposure main unit.

10. The exposure apparatus according to claim 9,
characterized in that the optical paths of the exposure beam
within the first illumination system and the second
illumination system are each substantially sealed, and gas
transmissive with respect to the exposure beam is
independently supplied to the sealed first and second
optical paths.

11. The exposure apparatus according to claim 9 or
claim 10, characterized in that a plane of incidence of the
exposure beam emitted from the first illumination system on
the second illumination system is conjugate with respect to
the pattern formation face of the mask, and that a field

stop is positioned in the incidence plane.
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optical system which projects an image of a pattern of a
mask onto a substrate, and a substrate stage which holds the
substrate and positions the substrate in both first and
second directions, which intersect each other; the exposure
apparatus being characterized by further comprising:

a first interferometer and a second interferometer,
which respectively detect the positions in the first and
second directions of the substrate stage; and,

a temperature-control device, having first, second,
and third blower outlets to supply temperature-controlled
gas to an optical path of the measurement beam of the first
interferometer, to an optical path of the measurement beam
of the second interferometer, and onto the substrate,
respectively.

13. The exposure apparatus according to claim 12,
characterized in that:

the first interferometer and the second interferometer
each have a reference mirror, installed on the projection
optical system and irradiated by a reference beam; and,

the third blower outlet of the temperature control
device is formed in an extended end part of a cover member
to supply temperature-controlled gas to the reference beams.

14. An exposure apparatus for transfer of the image of

the pattern of a mask onto a substrate via a projection

optical system, characterized by comprising:
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the projection optical system, and

a temperature control device which supplies
temperature-controlled gas from an aperture provided in part
of the retaining member, through a space between the sides
of the projection optical system and the retaining member,
onto the substrate.

15. The exposure apparatus according to claim 14,
characterized in that coolant to cool the projection optical
system is supplied to the inside of the retaining member.

16. A method of manufacture of an exposure apparatus,
characterized by assembling, in a prescribed positional
relation:

a projection optical system which projects an image of
a pattern of a mask onto a substrate;

a substrate stage which positions the substrate within
a plane substantially perpendicular to an optical axis of
the projection optical system;

a focusing stage which drives at least one of the mask
and the substrate in a direction of the optical axis of the
projection optical system;

a first focus position detection system which, by
illuminating with a beam for detection, obliquely with
respect to the optical axis of the projection optical
system, a first set of a plurality of measurement points on

a surface for detection on an object plane side and on an
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1nd1v1dually detects focus positions which are positioned in
the optical axis direction of the plurality of measurement
points; and,

a second focus position detection system which, by
illuminating with a beam for detection, obliquely with
respect to the optical axis, a second set of a plurality of
measurement points on the surface for detection, at least
some of which are substantially common with the first set
of plurality of measurement points, individually detects
focus positions at the plurality of measurement points.

17. A method for manufacture of an exposure apparatus,
characterized by assembling, in a prescribed positional
relation:

an exposure light source which generates an exposure
beam;

an exposure main unit which holds a mask and
substrate;

a first illumination system, supported independently
from the exposure main unit, which transmits the exposure
beam from the exposure light source; and,

a second illumination system, fixed to the exposure

main unit, which guides the exposure beam emitted from the

first illumination system to the exposure main unit.
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relation:

a projection optical system which projects an image of

a pattern of a mask onto a substrate;

a substrate stage which holds the substrate, and which

positions the substrate in each of first and second

directions, which intersect each other;

a first interferometer and a second interferometer,

which detect the positions in the first and second

directions respectively of the substrate stage; and,

a temperature control device, having first, second and

third blower outlets to supply temperature-controlled gas to

an optical path of a measurement beam of the first

interferometer, an optical path of a measurement beam of the

second interferometer, and onto the substrate, respectively.

19. A method of manufacture of an exposure apparatus

to transfer the image of the pattern of a mask onto a

substrate via a projection optical system, characterized by

assembling, in a prescribed positional relation:

a cylindrical retaining member covering sides of the

projection optical system, and

a temperature control device which supplies, from an

aperture provided in part of the retaining member,

temperature-controlled gas which passes through a space

126



"y,

9$10%&’ () - 33" 310%& ()-3@! 10%& ()- L' 10%' {)-)cdEb@10 S 5
410%&' ()-32310%&' ()-30- 10%&' ()- .s10%&' ()-3,910%& ()- & 10%&' (1)3 D/EC_Ztm
1$°10%, & ()- ! cl0%H#& ()-° 10 10 10, ;

109 ()-F, 8109 ()- 3&610%& ()-/e,}7< = 10 !'3; 110% VI V& ()-3; !109% ()-
9109%& ()-0@&10% & ()-! @&LO%& ()-! @&10%& () -, DH JKay~\= 10 !

109 () - 1BSORSEH &N -4 IGSOUELENS DI 160 | GPRA) -SystanYnd) tad [ 9-\ =

10 '3S "109%& ()-!3S "10%EE& ()-3S
"10%& () - 't DV iemb&S! A0S he SNBSFate - -{\ = 10 !

20. A device manufacture method, characterized by
comprising a process for transfer of the pattern of the mask
onto the substrate using the exposure method according to
any one of claims 1 to 3, 7 and 8.

21. An exposure method in which a mask is illuminated
by an exposure beam, and a substrate is exposed to the
exposure beam via a projection optical system, characterized
by comprising:

illuminating, with a first beam, a plurality of
measurement points on a surface for detection on at least
one of an object plane side and an image plane side of the
projection optical system;

illuminating, with a second beam, measurement points,
at least one of which is set at substantially the same
position as at least one of the plurality of measurement
points; and

detecting position information for the substrate in a
prescribed direction along the optical axis of the
projection optical system at the at least one of the
measurement points by using the first and second beams.

22. An exposure apparatus, in which a mask is
illuminated by an exposure beam, and a substrate is exposed
to the exposure beam via a projection optical system,

characterized by comprising a position detection system in
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points on a surface for detection on at least one of—an
object plane side and an image plane side of the projection
optical system, while a second beam illuminates measurement
points, at least one of which is set in substantially the
same position as the plurality of measurement points on the
surface for detection, and the first and second beams are
used to detect position information for the substrate in a
prescribed direction along an optical axis of the projection
optical system at the at least one of the measurement
points.

23. The exposure apparatus according to claim 22,
characterized in that the position detection system
irradiates the first and second beams obliquely with respect
to the optical axis of the projection optical system and
with respect to the surface for detection, and from mutually
different directions.

24. The exposure apparatus according to claim 22 or
claim 23, characterized in that the position detection
system sets some or all of the at least one of the
measurement points within a prescribed area on the surface
for detection, illuminated by the illumination light.

25. The exposure apparatus according to claim 22 or
claim 23, characterized in that the position detection

system illuminates, with the second beam, a plurality of

measurement points which include the at least one of the
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measurement points; and the exposure apparatus further
comprising an adjustment device which, based on the
position information for the substrate detected using the
illumination of at least one of the first and second beams,
moves the image plane of the projection optical system
relative to the substrate.

26. A device manufacture method, characterized by
comprising a process to transfer the pattern of a mask onto
a substrate by using the exposure apparatus of any one of
claims 22 to 25.

27. The exposure apparatus according to claim 9,
characterized in that the first illumination system
comprises an optical member having a driving mechanism.

28. The exposure apparatus according to claim 27,
characterized in that the second illumination system
comprises an optical member not having a driving mechanism.

29, The exposure apparatus according to claim 27 or
claim 28, characterized in that the purpose of the driving
mechanism is provided to enable wvariation of the
illumination shape or the illumination intensity of the
exposure beam illuminating the mask.

30. The exposure apparatus according to any one of
claims 27 to 29, characterized in that the optical member
having the driving mechanism includes a movable blind
enabling changes to the illumination range of the mask by
the exposure beam.

31. The exposure apparatus according to claim 30,
characterized in that a fixed blind to fix the illumination
range of the mask by the exposure beam is provided in the
first illumination system.

32. The exposure apparatus according to any one of

claims 27 to 29, characterized in that the optical member
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having a driving mechanism includes an attenuator which
attenuates the exposure beam.

33. The exposure apparatus according to any one of
claims 9 to 11 or 27 to 32, characterized in that

the exposure main unit has a first support member to
support the projection system which projects an image of an
pattern of the mask onto the substrate, and

the second illumination system is fixed to the first
support member, and the first illumination system is
supported by a second support member independent of the
first support member.

34. The exposure apparatus according to claim 33,
characterized in that the exposure 1light source is
positioned independently of the first support member and of
the second support member.

35. The exposure apparatus according to claim 33 or
claim 34, characterized in that the first support member
and the second support member are each positioned on the
gsame base, and the exposure 1light source is positioned
independently of the base.

36. The exposure method according to claim 17,
characterized in that the first illumination system
comprises an optical member having a driving mechanism
which 1is a source of wvibrations, and that the second
illumination system comprises an optical member not having
a driving mechanism which is a source of vibrations.

37. An exposure apparatus, having an exposure light
source which generates an exposure beam and a first support
member which supports a projection system which projects an
image of a pattern of a mask onto a substrate, and in which
the exposure beam is used to transfer the pattern of the

mask onto the substrate;
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an illumination system which guides the exposure beam
from the exposure light source to the mask and which has an
optical member having a driving mechanism; and

a second support member which supports the optical
member of the illumination system, independently of the
first support member so as not to become a source of
vibrations for the first support member.

38. The exposure apparatus according to claim 37,
characterized in that

the illumination system has a first illumination
system which includes the optical member having the driving
mechanism and a second illumination system which does not
include any optical members having driving mechanisms, and

the second illumination system is fixed to the first
support member.

39. The exposure apparatus according to claim 37 or
claim 38, characterized in that the driving mechanism is
provided to enable variation of one of an illumination
shape and an illumination intensity of the exposure beam
illuminating the mask.

40. The exposure apparatus according to any one of
claims 37 to 39, characterized in that the first support
member and the second support member are positioned on the
same base.

41. The exposure apparatus according to any one of
claims 37 to 40, characterized in that the exposure light
source 1is positioned independently of the first support
member and of the second support member.

42. An exposure apparatus which transfers the pattern

of a mask onto a substrate, using an exposure beam
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a first illumination unit, provided within the
illumination system, holding a plurality of optical members
driven by a driving unit, and in which an optical path of
the exposure beam, including the plurality of optical
members, is substantially sealed.

43. The exposure apparatus according to claim 42,
characterized by also comprising a supply device which
supplies gas, transmissive with respect to the exposure
beam, to the sealed optical path.

44. The exposure apparatus according to claim 42 or
claim 43, further comprising a second illumination system
unit which guides the exposure beam from the first
illumination system unit to the mask, and a first support
member which supports the projection system which projects
the image of the pattern of the mask onto the substrate;
and characterized in that:

the first illumination system unit is supported by a
second support member independent from the first support
member, and the second illumination system unit is fixed to
the first support member.

45. The exposure apparatus according to claim 44,
characterized in that the first support member and the
second support member are positioned on the same base.

46. The exposure apparatus according to claim 44 or
claim 45, characterized in that the exposure light source

is positioned independently of the first support member and

the second support member.
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source of vibrations;

supporting the optical element o©of the illumination
system independently from the first support member; and

driving the driving mechanisms without transmitting
the vibrations to the first support member.

48. The exposure method according to claim 47,
characterized in that the driving mechanism is provided to
drive the optical member to change the illumination
conditions of the mask by the exposure beam.

49, The exposure method according to claim 47 or
claim 48, characterized in that an optical path within the
illumination system containing the optical member having
the driving mechanism which is a source of vibration is
substantially sealed, and a gas which is transmisgssive with
respect to the exposure beam 1is supplied to the
illumination system.

50. A device manufacturing method, characterized by
comprising a process in which the pattern of a mask 1is
transferred to a substrate, using the exposure apparatus of

any one of claims 9 to 11 or 27 to 46.
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