;e3e6| ~6T6kzML 1 J U L 2002 NIK 98 -18 DE SCR=1' T=ON A METHOD OF 11 JuL 2001
CCNTRCLLING A STAGE, A STAGE UTI LI ZI NG THEREOF AND AN EXPOSURE APPARAT S &
UTI LI ZI NG THEREOF OF SYNCHRONOUS STAGES 5 TECHNI CAL FI ELD The present /s
invention relates to a nethod of controlling a high-precisi oNIk88i+4lBoni ng

system Mor , the present invention relates to achieving a
desired nagﬁ’lllmm,MI m d orthogonality in i0 a scanning mcrolithographic
system a stage I'zi'ng thereof and an exposure apparatus utili zing

t her eof . BACK 3 ART Hi gh-precision positioning systens, such as those
used in machining tools or |i IMRASAR L EBIOBPIponents of the system

I n accordance with a defined path within narrow tol erances. The path may
have one dir &cMEGHODe Of CONTROLKINGOAJSHAGE, Br STABEJUFEBIEENG, e.g., the X
and, orthogonal Y coordinates. Typically in a scanning n1croI|thography
appar at us fOEH§8ﬁp§oﬁdﬁcﬁﬂrEZBOﬁHRErABP%B%@§SnQTIhlﬁiﬁgeTHEREQEd to
position a mask (reticle) in two dinmensions, while a separate stage is used
to position tRE PYNEBRONBYErSTAGES st ages are both carried upon a first
stage that noves at a constant velocity during exposure of the plate. The
entire 25 syJEECHNISAL FPBEPed by a base structure along with other

conponents such as a source of radiant energy and
The present invention relateés to a method of

controlling a high-precision positioning system. More
particularly, the present invention relates to
achieving a desired magnification and orthogonality in

10 a scanning microlithographic system, a stage utilizing
thereof and an exposure apparatus utilizing thereof.
BACKGROUND ART

High-precision positioning systems, such as those

used in machining tools or lithography, drive

15 components of the system in accordance with a defined
path within narrow tolerances. The path may have one
direction, e.g.., the K coordinate, or two directions,
e.g., the X and, orthogonal Y coordinates. Typically in
a scanning microlithography apparatus for semiconductor

20 wafer processing, a stage is used to position a mask
(reticle) in two dimensions, while a separate stage is
used to position the plate (wafer) The stages are both
carried upon a first stage that moves at a constant
velocity during exposure of the plate. The entire

25 system is supported by a base structure along with

other components such as a source of radiant energy and
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11J U~ 2002 NIK 98 -18 a projection lens to focus the energy. Figs. 1
and 2 show a respective front view and perspective view of a sinplfkiéHLzmz
scanni ng mcrolithographic positioning table nechanism 10. Table 5
mechani sm 10 includes a coarse stage 12; a mask fine stage IMIK 9hi-¢& hol ds
a mask (reticle) is; and a plate fine stage is, which holds a plate (wafer)
17. Fig. 1 also shows a projection lens 18 and an il lum nati on apparatus
20, which produces a light beam 21 for 10 exposing plate 17. Coarse stage
12 is supported by a base structure (not shown) containing an antivibration
devi ce and ant iprbrjiectiion Reasi bgsfosushthe enerbeari ngs or roller bearings,
as is well known in the art. Coarse stage 12 is conventionally driven at a
constant 15 vel o@ilgs.i N tane B showdanakepedictdokl drpnasviklvuahdat ed by arrow
13 in Fig. 2, during exposure of plate 17. Illum nation apparatus 20 and
projection | pexspectdrve virel afi aesymplafiedasganibayg fi ne stage 14 and
plate fine stage 16, which 20 are attached to coarse stage 12, nove at the
sane vel oci t piduoildghegpaphie pbsptaveind. tdhle, mechahesmyl 0 abfabechani sm
10 has a magnification of 1:1, i.e., the area of mask 15 that is scanned
acrosss i | | ummeahbaoisappar aho3udbsi 3 eqarnket stahe dR2paaahagpkafiné hat is 25
exposed. Additionally, because nask fine stage 14 and plate fine stage 16
are attachedstegeoddsewbhiiajehdPdana Raskl(tetlicle) 2002 MK HBLdtd nove at
the same velocity, the magnification factor and orthogonality factor of

t abl e nmechanfdneldtage fisxewhich hobdsi acplabee(eaferhel?. ndigoe lerror in
the magnification caused by projection lens 18 or 5 synchronous error
caused by thalgetsbawsfacpapiectiogelons Algi andnam | i lumngkigrecti on | ens
18 and synchronous error may create _error in the orthogonality of the
exposed i mag@PPEFakBgoRAlr i Yhieh rproduaesia 1hahhbeamgel 10 mask 15 being
reproduced on plate 17_in to a skewed nannerhian exanpl e of orthogonality
errorlli s shoRHPPRLIRTGPLERS. 1TheSRAERS® FRagRsL t15 SYRRATERMAIRY @ and | ow
resolution of the exgosed inqge. Thus, it is, advantageous (0 correct

magni fi cat | oR28RASBFERBEERal PPy SHOWR) | SORMRIBIAG 130 A EIRFEMAR change

the 15 magnification facto r.orfhogonal ity factar to desired val ue.
9 denge and ant£-f§1ct{on§%ear{n s, such as éﬁre%earlngs

or roller bearings, as is well known in the art. Coarse
stage 12 is conventionally driven at a constant

15 velocity in the K coordinate direction, as illustrated
by arrow 13 in Fig. 2, during exposure of plate 17.
Illumination apparatus 20 and projection lens 18 remain
relatively stationary.

Mask fine stage 14 and plate fine stage 16, which

20 are attached to coarse stage 12, move at the same
velocity during exposure of plate 17. Thus, in theory
table mechanism 10 has a magnification of 1:1, i.e.,
the area of mask 15 that is scanned across illumination
apparatus 20 is equal to the area of plate that is

25 exposed. Additionally, because mask fine stage 14 and

plate fine stage 16 are attached to coarse stage 12 and



DI SCLOSURE OF THE | NVENTI ON A scanni ng positioning systemin accorgangg 30
with the present invention noves one fine stage relative to 20 the another
fine stage to correct magnification and orthogonality error or to change
the magnification or orthogonality factors to a desired | evallK 8 s¢&nni ng
position system such as a mcro lithographic system has a mask fine stage
and a plate fine stage nounted on 25 a coarse stage that noves at a
constant velocity during the exposure of the plate. The position of one
fine 3 1 1J UL 2002 stage is neasured relative to the other fine stage.
Wth this posiowieoati bher sameonelonétef the hageifiagesomagadeonvaed by an
appropriate anount in the sane or opposite direction of the scan to

i ncrease or dethegseallheymigotbrcafi babl&lmechahesmchbnang posedi on system
can change the magnification factor to a desired level, as well as correct
any magni fi cati oAnepractiaceanjowevetiobhereomaylbkearser by tbei ng one of
the fine stages by an appropriate anbunt in a direction perpendicular to
the scan, thmagpifécatannchangedtbhy projhegbioml leysfh8tar by a desired
anount, as well as correct any orthogonality error. It is an object of the
preserft i nveAyhohronops ogider apaesedsoy etheprotion éHrepanfecti ng a pattern
of a mask on a substrate, said apparatus conprising: a first stage which
noves sai d natkgeh? sebddit tongblnhi the npreiection sléns rk8 eandi third stage
connected to either one of said first and second stages; and a driver which
drives said sWhebrenage @rror maytdheeatarerydr s dilpe oprthogenality s
further object of the present invention to provide an exposure nethod for
proj ecting achatheraxppsed nilBagon Arhegenat By seiPHererilleondt i si ng:
providing a first stage which noves said mask and a third stag? connect ed
to a second EP8giMaPE chrom\Baskal Y ReART rERREOPUIRIRkALERI Y tH rd st age
prior to a start of said projection. 4 1 JU Z002 In one enbodi nent of
the plesent Rni¥E¥edman X3Pl afbé %@%Qf%ﬁ“ﬂf & tlithed to the

coarse stage., A nask (ﬂckg%{s ttached to the sk, frame via actuators
at

that nove t hePFERKIHJTHr T CHRF ST am? RPE e st age.
Che sk 11 rend: Sors PR Eor o5F LS, b et e Mo d e R he O
Potuat ors t o aEB ot S WOLLEN R 1 NS (i SEIRJRTIY | ™
ﬁangﬁln}l ngfiﬁ%an%t%? %%ﬁ%ﬁ%r%&%’? 6’# gzc(?rllth{féo% tg{[:)gsgr gl'lt llfsgga;llgl so be

used 150 Si Mihd GREOUSA i P RENSH ©F VrtHByHHGIHP U oY Y et ween the
fine stages and reduce the settling tinme of the system 5 BRI EF DESCRI PTI ON

OF THE DRAW NS f=d).vallsdows a front view of a sinplified scanning
m crolithographic positioning table nmechanism Fig. 2 shows a perspective
view of a sSiDISCHOUWSURE OF THE INVENTION
A scanning positioning system in accordance with
the present invention moves one fine stage relative to
20 the another fine stage to correct magnification and
orthogonality error or to change the magnification or
orthogonality factors to a desired level. A scanning
position system, such as a micro lithographic system,
has a mask fine stage and a plate fine stage mounted on

25 a coarse stage that moves at a constant velocity during

the exposure of the plate. The position of one fine



scanning mcrolithographic positioning table nechanism 10 Fig. 3 Sho“ﬁ1§UL2MZ
perspective view of a scanning mcrolithographic systemincluding a

position control apparatus in accordance with the present inventio
4A, 4B, 4C show the begi nning, m ddle and end, respectively, of the
exposure of a plate on the 15 plate fine stage during the scanni ng process.
Fig. 4D illustrates the change of magnification in accordance wth the
present invention. Figs. 5A, 5B, and 5Cillustrate the respective
magni fi cati ogtagd diet hogonatéd yrebanges afo abhexpesed 20ihengeage.a plate.

Fig. 6 shows a side view of a mask fine stage,

n. Figs.

including a mask franme and

mask hol der With tbisaposstiospibrnEdriat iwen, ona atcbhdalideewsthgese
enbodi ment of the present invention. 25 Fig. 7 shows a close up side view

of an act uatmay dbspowagdhdiymean ahpropskateapmoant nuskilm| dame 6r
s. 8A, 8B, 8C, and 8D are graphic representations of
hreehlonePbcthy 8faphkeocdBafseaseags, degereesey of the

u 7"~7 NIK 98 -18 Figs.
t he respect i 9RPR2tES

fine stage,

relation to t/e

nd position in the X coordi nate of, the coarse 5 stage
RagRLESSat Tenn. Thug, o,

i Fro AR . TG $EhGReRT Prcap!
xposur e pol FEE T R0 SHBhe HTHSAIS D TAT ot K" BnbSaPREH
scanni ng tyPpee FAPOSUEE UIRAT B USREEEE TRy tibdll RIS LAMEP bon.

any rotation error. Likewise, by moving one of the
fine stages by an appropriate amount in a direction
perpendicular to the scan, the system can change the
orthogoriality factor by a desired amount, as well as
correct any orthogonality error.

It is an object of the present invention to
provide an exposure apparatus for projecting a pattern
of a mask on a substrate, said apparatus comprising: a
first stage which moves said mask; a second stage
which moves said substrate; a third stage connected to
either one of said first and second stages; and a
driver which drives said third stage prior to the
gstart of said projection.

It is further object of the present invention to
provide an exposure method for projecting a pattern of
a mask on a substrate, said method comprising:
providing a first stage which moves said mask and a
third stage connected to a second stage which moves
gaid substrate; and driving said third stage prior to

a start of said projection.
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BEST MODE FOR CARRI NG QUT THE | NVENTION Fig. 3 shows a sinplified
perspective view of a scanning mcrolithographic system 100 in acc ngUEﬂmz
15 with the present invention. Mcrolithographic system 100 incl ude's

coarse stage 102 that carries a mask fine stage 104 and a plate fine stage
106. Plate fine stage 106 holds a plate (wafer) 107, while mask fine stage
104 holds a nmask (reticle) 120. System 100 al so 20 includes a position
control apparatus 108, such as a digital signal processor or

m cro- processor. Aht boeghedihed measendfi rhentpasdrit defeenbedn ther ef erence
to a scanning mcrolithographic system it is understood that the present

i nventi on appasles fiimet Is¢aglel gha25 qr ewisk ofirpuosi tamagedytcemechas wel | .
Conventional details of stages 102, 104, and 106 are not shown. 7 11JU
L 2002 NI K 98oange Feitagef.orAiamask hollglemgis oathachedkitegstioé amséxenpl ary
sui tabl e position control apparatus, see the co-pending application
entitled " PCEFAMON CONFROLA RPPARNIRS PORe FERE BFAKEBOGARRI EBLBYiACCOARSE
STAGE ON 5 A H G+ PRECI SI ON SCANNING PCSI TI ONI NG SYSTEN%" by Bausan Yuan,
and Kazuaki i I?ihe AppFE c5tr|a('3ﬁ3 sepd o[t ﬁun‘ffé?‘r?ﬁ)/ 6489218 hé’°§6ﬁt1€ﬁ‘t s of

whi ch are incor ted herg r ef er ence, gr conventi ona 3%5|t|on
control appard it - U Hsbe %%%Jdveslolfﬁ(ﬁ?irﬁ'a OB ‘%0‘53 §tage 102
noves al ong o] n i ti b r 03.

Posi ti on cohégs%pﬁ%%a§gtEgglg%%coﬁ%ﬁb %ﬁ%@%%ﬁ%;o$ cgggs é%ége 102 by
updating theg ggsi yedosigiong f o éepstsale@oﬁoar%fm Cyghgs during
the scan. It 15 wi || “be appreciated that posSition control apparatus 108 may

al so controlp é@@tﬂ@weﬁﬁaﬁtﬁ6lCO&?ﬁ@r&&@Qe 4884 s hr egghapéber taet hads such as
controlling the velocity or acceleration of coarse stage 102. The position

control appadcatustdis &b stoeontliol magld holdae nielat ivastko 120 opl aaek fine

stage 104 during
fine stage by an amount necessary to achieve the desired



scanni ng, such that mask 120 noves al ong both the K and Y coordinate11 JUL 2002
directions relative to plate 107, as illustrated by arrows 105. Position
control apparatus 108 controls the novenent of nmask 120 by ugpatin%_the 25
desired position for mask 120 at each cycle during the scan BMKyS -18
controlling the velocity of mask 120. 8 11J UL 2002 NIK 98 -18
Position control apparatus 108 produces a change n the magnification or
orthogonality of the exposed inmage on plate 107 on plate fine stage |06 by
noving mask 120 relative to plate 107 such that nask 120 has a velocity 5
proport i onal BRI iRt ¥aTE AN P FRAIM AL Wt HdGo RS ittiom Sotrody novi ng
mask 120 relative to plate 107, position contrql apparatus 108 can increase
or decrease tIRPIRAIHT iR iTFARE Ao Joh ST LRGP UFLYi COTPERSaRE | as
conpensate for any error .in the magnification |Q or orthogonality of
microlithogr %&Ystsé’rﬂ%% BREusES &S (’;ﬁqeeﬁ§%eﬁssﬁ‘ﬁéhr onous
error. During exposure, coarse stage %P noves al ong the K coordinate at a

constant vel F&UFe e RGEdSdDrt foengysiteicati on, position contro

apparatus 108 15 moves mask 120 in the K coordinate direction at a velocity
propor%ionalqa}qﬁquﬁﬁﬁﬁqq§9§iQ§1qﬂ§nﬁﬁAwlﬂﬁﬁb, if a magnification factor
of 1.1 to 1 is des%ﬂed, mask 120 i_s ved relative,to.plate 107 at 0.1
ti mes the speed of égaréesinﬁea16§9n oVEFYs® 4ﬂ,sﬁﬁPlgﬁae§C§§ﬂﬂﬁ}Pﬂe
respective be innin%, m_ddl e and qu of. a cR in tﬂe K coordi nate
direction whifHELRHABOEEAPRI G PLES %Pgdgglgé ?? B&CRG eRBosed. Position
control apparatus 108 520 in Fig, .3 ves coarse.stage 192 across a
conventional illunfAdri ngggwgoﬁrggrfgfggﬁgepY6fgc?Foﬁ ?éﬂg 16@? as
i ndicated b s 03 (S . L. 9 11
JUL 2002 N kebaT gt skl oY aF At BopyBiprits §ABAR HEERLETY g
rojegtion lens 109:,AS,S i L .whep: Lingesta 106 are at
Phejbgéinning expoga?é So?ﬁ?@sngsEbgfﬁéég%g%eoi%ﬁ,Sah%cﬁgégﬁgé?rying mask

120, is 5 m))hfi@r@ﬂ[iFE‘B_%igEja@Bi%O@Y%Q'emaRﬂéﬁ.ﬁﬁﬁlﬁglgfspo@itiiﬂﬁi g8hegoPy arrow
105, such that nmask fine Stage 104 noves at a predeterm ned velocity V- in

the K coordi gabarditu@clindBccbraapeedgtienntnedpyekentt YnV¥eheloansk fine
stage 104 is relative to plate fine stage 106. Plate fine stage 106

Figs. 4A, 4B, 4C show the beginning, middle and

end, respectively, of the exposure of a plate on the
15 plate fine stage during the scanning process.

Fig. 4D illustrates the change of magnification in
accordance with the present invention.

Figs. 5A, 5B, and 5C illustrate the respective
magnification and orthogonality changes of an exposed

20 image on a plate.

Fig. 6 shows a side view of a mask fine stage,
including a mask frame and mask holder with actuators
disposed between, in accordance with one embodiment of
the present invention.

25 Fig. 7 shows a close up side view of an actuator

disposed between the mask frame and mask holder.



10 does not nove relative to coarse stage 102 in this enbodi nent, however,

it is understood that plate fine stage 106 nmay nove relative to coarbé JUl 70
stage 102 if mask fine stage 104 nmintains a velocity Vmrel hé%ga % pl ate
fine stage 106. Position control apparatus 15 continues to dR fine
stage 104 at velocity Vmrelative to plate fine stage 106 until reaching
the end of the scan, shown in Fig. 4C. Although the entire nask fine stage
104 is shown noving relative to plate fine stage 106 in Figs 4A-4C, 20 one

skilled in the art _will preci ate that magni fi cati on and orthogonality
correction is ach|§98§ t%%@ §H rt Rer nﬁPPohD PrEadkaBBdCrel ative to plate

107. Accordln , under st ood t hat sk fine e.104 may remain
stationary r FF@“F@iéﬁgﬁsg gg&eIfﬁfeggﬁvﬁhPFEeiﬁggtiﬁﬁ'|s %Dved at a
vel oci t Vn1re|at|ve ~ ~ ~U~ 9 18 Fi 4D
|IIustrgtes {15 OCe ogkﬁa§QaF?ﬁe g?ﬁ&e Y@&OFHEY Résthaﬁﬁgﬁ in ?ront of

illum nation source 1 nqQt .shown | ) ct to the length
of plate findte@sgea féep@ﬁ&it%slexﬁgseé 59oBuiphte: RE: PR cHAFEE 110
during the scan. Thus, N ustr tes the magnification achieved by
mask {3 ne st# égfb&nw§F&F§FHPn§° tyBEL eI g, ERER ve o plate f1ne st age

106 during exposur ation can_al so seen in 8A, which

TTustrates the trengr Psigaggl%L§°BaY%%Vn°5n°%%£ie1§6a?% FEFEIREA Ao
illustrated, Egeﬁgé Eggepnﬁggfogﬂ Bigt% Zﬂa§ef Ller. phap.the unmagnified

i mage (shomn i nes en exposeﬁ if there was

no change in Egepggﬂﬁlg&ggghgglhgghgr 15 Orthogonality of the exposed
ro

i mge may be C nmovi g mask 120 at a velocity proportional to

t he orthogonality ﬁggtoi 'Eh6$§ g’ggpﬁgﬁgg% '£§C$A6¥hépeé §ﬁufé$€I to

the scanning directi coarse sta uring exposure 0 e 20 07.

The hogon y a n 5 ilLu ates the
trans‘tr of ?Eegpggggﬁﬁﬁg ¢ gkaﬁ gsﬁgepfgggEﬁggs §Ec&?? rg%egﬁéthe

exposed i maggralcAtatgvéf¥ifas no orthogonal error in contrast with the
i mage (shown with dashed |ines) that woul d have been

BEST MODE FOR CARRING OUT THE INVENTION
Fig. 3 shows a simplified perspective view of a
scanning microlithographic system 100 in accordance
15 with the present invention. Microlithographic system
100 includes a coarse stage 102 that carries a mask
fine stage 104 and a plate fine stage 106. Plate fine
stage 106 holds a plate (wafer) 107, while mask fine
stage 104 holds a mask (reticle) 120. System 100 also
20 includes a position control apparatus 108, such as a
digital signal processor or micro-processor. Although
the present invention is described with reference to a
scanning microlithographic system, it is understood
that the present invention applies to other high-
25 precision positioning systems as well. Conventional

details of stages 102, 104, and 106 are not shown.



25 exposed if there was no orthogonality correction. In addition, rotation
error may be corrected by 11 1 1 J UL 2002 NIK 98 -18 rotating madkl 1202002
by an appropriate anmount during the scan. Fig. 8C illustrates_fhe
correction of rotation error on plate 107. The imge that wolIl Ravld been
exposed on plate 107 without correction of the rotation 5 error is shown
with dashed |ines. Rotation error occurs due to thermal stress (distortion)
generated during the exposure of plate 107. Thus, position control

apparatus 108, shown in Fig y control actuators 114, 116, and 118,
shown in Fig. 6, 80F0ﬂ§F8r9§§&092éeﬂétéBBr§€ttEG WBFk&HQSrQﬁaPPon error
during the exposure. It is understqod that by noving mask 120 |n both the K
and Y coor di $XERIA%Y ﬁ&leﬁﬁﬁ§uBQS&FlﬁPaFQHIG?l 2PPRZAGESInSERe th
magni fi cation factar, nay be .achi.eved si taneogusly with a change in the
orthogonalltforﬁepgépgr §1€@Fﬂ€8tﬁaﬁlgﬁegn PpéggﬁpynCQNFBPL Fig. 6 shows
a side view of mask fine accordance Wi enbodi nent of
the present PRVERALYS. FﬂﬁsfI%FnéTgﬁgéechBIﬁPcPad@sCQAﬁﬁngFﬁgﬁeoﬁlo t hat
is attached to_coarse_sta s 20 conpected to mask
frame 3110 vi & EéﬁﬁatSPECI%&ONl§§AN568G1£§SIW&QNI¥§OS¥§THEVd BY mask hol der
112 in a conyentional manner undersiood bg those skilled in the

ot reotfiash Bual i skt Sropls BB M diolir i o
e- coordinatggmgsrsngmﬁﬁgy5&> g&ﬁlﬁgn ﬁﬂgFe SOHB§8 13T€ 1 1 JuL 200Z NIK 98
the arrow 103nEP¥BREakel REPRLA by, FopErahcky bPfeF  E8RLEREbER T nack 150
i ncl udes thegﬁgﬁh99nog°ﬁﬁ§5lh9§§§5@*§%§¥hﬁé9sﬁ?§5 Eéaﬁgeélo remains 5

stationary r Ve to coarse own Tn Frg. 6, actuator 114

movesgmask hol der  Liz alpng A g, C 0afieAstagthino ARt Qidnbland 118

the Y coordinate direction, as indicated by arrow 103.
Position control apparatus 108 controls the movement of
coarse stage 102 by updating the desired position for
coarse stage 102 over many cycles during the scan. It
15 will be appreciated that position control apparatus 108
may also control the movement of coarse stage 102
through other methods such as controlling the velocity
or acceleration of coarse stage 102.
The position control apparatus 108 also controls
20 movement of mask 120 on mask fine stage 104 during
scanning, such that mask 120 moves along both the K and
Y coordinate directions relative to plate 107, as
illustrated by arrows 105. Position control apparatus
108 controls the movement of mask 120 by updating the
25 desired position for mask 120 at each cycle during the

scan or y controlling the velocity of mask 120.



nove mask holder 112 in the Y coordi nate when they are sinultaneously, noved
in the same direction. Actuators 10 116 and 118 ai so nove nask hol dek TiJHL 2007
the O direction if one actuator is noved in one direction nore than the

ot her actuator, however, the O coordinate is unnecessary toVBh&hgdSthe
orthogonality or magnification of the exposed inmage. 15 To control the
accuracy of the system the actual position of mask 120 nust be neasured
relative to a known fixed position and relative to plate 107. The actual
position of mask hol der 112 can be neasured by a conventional position
measur enent RPHIEHONs GORLES laaPPOrRKier A8BorEPEARCEF| §. CBaBHBWE ER®| ectors
(mrrors) 122, 124, and 126 nounted on_nmask hol der 112, which are used by
an int er f er oMAGRL LIRS 10RO RA) OFthPgoPALi8Ene L] FBBt eBRaRBdt bMAGEsARe t he
posi tion of mask holder 112 in the K, Y, and ez coordi nates. Because

i nterferonet ®latg d0J508 platentine §e308e406t RE Bovingonask A%k hol der
112 is neasured relative to another conponent of the 13 11J UL 2002
NI K 98 -18 nF@ﬂéFPWﬁo&PaBH?&esQQFeﬁPCBHEHaESm%?BjE%QiBﬁSIQHKGEQEHtYo obt ai n
the actual position of pask hol der ;/112. The position of mask hol der 112 is
al so ﬁ%asure@rP8P§FF9§aﬂotBIét@agpéﬁéci§69nT£ﬁ§F°5I%feOEFQQQDQE%F%NSO has 5
reflectors mpunted on it gnot sho&gi to asure its position in the K Y,
and ez coor ditRSERL - Wt ROVABY; BRSKAELP oRhetbLYRi hg PHREBoL? {1 on of nask

hol der 112, the.%osition of _mask 120 nai ge cal cul ated. Measuring the
current | ocaPPEAtIPRaCOPLERIWAPRATAFRS  £03r PR I ACHEASE Rl He to those
skilled in thg art. L?.an altern tivg enbodinﬁnt, nagg hpol der 112 is
connect ed t o 05aPagNLfEGat18D and QEthagapralihy whey desyredy, 4S¢ting the
need for nmask i ane 110.eln guc? anaenbodimsntn ctuators_l116 and 118 are
di sposed bet WS&h 15 FRERSRABRAHE, T2 TNdCREAT st stAYMAT HHF S used to

o P hobcbat st 6y R Huct ESERAUEA LB o0 R4 L
hol der 112 aj,gngnbhgrE560050hNELis JHUSyndilrd b Ss €8PS rent,
During exposure, coarse stage 102 moves along the K
coordinate at a constant velocity. To increase or
decrease magnification, position control apparatus 108
15 moves mask 120 in the K coordinate direction at a
velocity proportional to the magnification factor. Thus,
if a magnification factor of 1.1 to 1 is desired, mask

120 is moved relative to plate 107 at 0.1 times the

speed of coarse stage 102.

20 Figs. 4A, 4B, and 4C show the respective beginning,
middle and end of a scan in the K coordinate direction
while plate 107 on plate stage 106 is being exposed.
Position control apparatus 108 shown in Fig. 3, moves
coarse stage 102 across a conventional illumination

25 source ill and projection lens 109, as indicated by

arrow 103, such that coarse stage 102 has a constant



20 the entire mask fine stage 104 noves relative to plate 107. Fig. 7% ﬁg@Nﬁmz
a close up side view of an exanple of actuator 114, including an attéc
encoder 115. It is understood that actuators 116 and 118 aregﬁgﬁss as 25

actuator 114. Actuator 114, which is e.g. a voice- coil actu itftcl udes

a voice coil or other suitable notor 14 11J UL 2002 NNK 9~ -18 130
attached to mask frane 110. Mdtor 130 npves a shaft 132, which drives a
wedge 134 in a direction parallel to nmask frame |10, as shown by arrow 135.
The novenent of mnggéégghis t.ran tq a.roller 136, i ch noves 5

| at,

per pendi cul arf§HaT e 10 B Lo miaasd SnsFout e & Adn 8¢ ar r ow 137
Rol l'er 136 is in contac mﬁtg s% hol der 112F.and4hgus t he _per pendi cul ar
notion of rolH%H s EREr ngt SnSPLMRd 100 Fhlsk Aol HoEM f30€ ¢ g
under st ood t hat_ act yat,or %é4 IS sho%% b¥ ma¥ of exangle, 10 and ot her
actuators may %§|ﬁiﬂﬂagl eP¥eud&d then PEINAYNIr GXPERANS OBt mer types of

| ectro- ti t uat t uat. . A d 115 i
i roct |y att Bk Fog e REPEe129%er VEAPHARGr CEEAT B9IBRERnIAD T RE amount of
drive 15 provid%%tip mask . hol der %12 throu?htactgghor 114. Encgdgr 115
measur®s t he "P3&% PEnPOF *54PRaFSPTI04. 2PREFALEH rr8F 4PPAFared 108 uses
th iti i nf ti f 115t t h f
posi {1 on of B¥t GREGF 108, GREERCRECo0 RhoFoRrmarans A04cnetrs &F fne o

| oci t f 1 ' t ; B . d

VeLoct Y, of Bl dhlfighealgeABhakyte| o, PRS S PAa0F Mo PERRUSE SRS o0

mask hol der 33 whbhobayhihbht b&18LEEG! vANokNRalRAE YHEERAGE" 1bles¥e! oci ty

of mask hol dér

relative to plate fine stage 106. Plate fine stage 106

10 does not move relative to coarse stage 102 in this
embodiment, however, it is understood that plate fine
stage 106 may move relative to coarse stage 102 if mask
fine stage 104 maintains a velocity Vm relative to
plate fine stage 106. Position control apparatus

15 continues to move mask fine stage 104 at velocity Vm
relative to plate fine stage 106 until reaching the end
of the scan, shown in Fig. 4cC.

Although the entire mask fine stage 104 is shown

moving relative to plate fine stage 106 in Figs 4A-4C,

20 one skilled in the art will appreciate that the
magnification and orthogonality correction is achieved
through the motion of mask 120 relative to plate 107.
Accordingly, it is understood that mask fine stage 104
may remain stationary relative to coarse stage 102,

25 while mask 120 is moved at a velocity Vm relative to

plate 107.

10



25 Additional encoders are |likew se directly attached to respective 11 JUL 2001
actuators 116 and 118. 15 11JUL 2002, NIK 98 -18 Actuators 114, 116,
118, shown in Fig. 6, are controlled by position control app é s_108,
shown in Fig. 3. Position control apparatus 108 receives po§§ﬁ$ #'6 fine
stages 104, 106 through the use of 5 interferoneters and the encoders
attached to actuators 114, 116, and 118. Using this information, position
control apparatus 108 control the notion of mask 120 through actuators 114,
116, 118 such that mask 120 has a velocia%gfroportional,to pl ate 107 that

is 10 proporti on&t9t AR Hel sinadesddift rigthorfomagk fdgen&tage f act or .
For exanple, where no magnificatiqn qor orthaogonality factor is desired,
position conti®d tRFFarzSuScaaBeovEs tARRKk T%OlggEﬂlgﬂﬁﬁoﬂa§Ru{99 and plate
107 remain aligned in the K.and.Y 1 oor.dinates. Thus, any_nmagpjfication
or ort hogonalliltly (8PfFof P?“c&Prg&ﬂediDﬁbW%gbrFeﬁH@?E,g?oFﬁ?%%?ﬁaEé, a

magni fication factor qof. 1.1 is desired, position control apparatus 108
updates the Rfc® P&Fn%ﬂ@ep8§ﬁﬂﬁoﬁagfgﬁﬁgkwiﬁoeFB?ﬁ? to Brate 107 by an

anount_ equal 2Q ten percent o ach chan in the coor di nat iti
o oo saut sadurgsntighebanther 11 T0a0r ha0 Re, Betnle Trfse Fada £pbT07 of

ten percent QE t he vel oci of coarse, stage 102. il e correcting the
magni fi cati ort &PsgﬁagﬁFh%bénﬁﬁﬁP§ 6FaFﬁ8ne§ﬁé§§ﬁe e?a%%s t#%n control

stage 104 maintaining a velocity Vm relative to plate
fine stage 106 during exposure. This magnification can
also be seen in Fig. 8A, which illustrates the transfer

10 of the pattern on mask 120 to plate 107. As illustrated,
the exposed image on plate 107 is smaller than the
unmagnified image (shown with dashed lines) that would
have been exposed if there was no change in the
magnification factor.

15 Orthogonality of the exposed image may be
controlled by moving mask 120 at a velocity
proportional to the orthogonality factor in the Y
coordinate direction (perpendicular to the scanning
direction of coarse stage 102) during exposure of plate

20 07. The orthogonality correction can be seen in Fig. 5B,
which illustrates the transfer of the pattern on mask
120 to plate 107. As illustrated, the exposed image on
plate 107 has no orthogonal error in contrast with the
image (shown with dashed lines) that would have been

25 exposed if there was no orthogonality correction.

In addition, rotation error may be corrected by

11



apparatus 108 may simultaneously dynamcally correct 16 l1~~a-~ %gOﬁ* 0
Nl K 98 -18 the synchronous error between mask fine stage 104 and pl at ‘n@
stage 106, such as that caused by yaw and roll of coarse staﬁf gZ. In
addition, position control apparatus 108 may reduce the sett %é tilfe for
coarse 5 stage 102 to accelerate to the constant velocity. Control of the
synchronous error and reduction of settling tine are described in the
above- referenced copending application entitled "POSI TI ON CONTROL
APPARATUS FOR FI NE STAGES CARRI ED HY A COARSE STACE ON 10 A HI GH PRECI SI ON
SCANNI NG POSIFPtEfiRG Beskel2 0 by aBaaPRAOPEAA L CaABCRRELERTE 1B khe

co- pendi ng applicati,on serial nunber 09/045, 218. Figs.8A, 8B, .and 8C are
graphi ¢ repr 8§@R-afiiGns 86t ilhystEates: the SeEEPELAPNoRT VEFBELPY and
position in 15 the K cqgordinate of coarse stage 102 ipn relation to tine
during a scafYrREi P& P’@FeBéOFepF5§eHW§9FhEthIU@P@? 8AVE| RESBt age 104 in
the K coordinate in relation io tine During scanni ng, cgarse stage 102 is
moved by posPrPERedoRPr BllakppaPdt Hithedt ¢n RﬁCFﬁOﬁiéﬁ 5Be3rotfERORhat

course stage 102 is stationary. at, tj 0 and s, npving at a constant
volooidy Vo SEEOENSS: PROHS ShbhadrAPig L RaE anBOBBLIRR GLERE GFCRFare 107

on P2 115y 90 HEadicR RRbCT8EL T LinT ORGSRl oo

an exposure n - ) | . ) | I e
102 i h i red l oci Vi h in Fig.

coars© 1 202 88k sobrs Bafec LT SRUE el S8 BenlFen cEoBlBiE . ©

consLan, vel g5k Y sHEHT | r AT up SRy EEOCHE R 8GR 2184107, B0, o

coarse stage egins e exposur ate 107

occurs betwegnat jgS LEXLANG (R1gD i eoBL,hONSLLLR ¥5hopbL¥opLogpsk fine

stage 104 in nate with réspec can bé seeénin Fig.

CCota! oS, 588, 106:LE0hIac Y B Blal LA baudely 11 L1, ek 11
Mask 120 nust regghig dR8br8€oBASthh€NbyehabiNg hQsk 120 in both
the K and Y coordinates during exposure of plate 107, a
change in the magnification factor may be achieved
simultaneously with a change in the orthogonality

15 factor and correction of any rotation error.

Fig. 6 shows a side view of mask fine stage 104, in
accordance with one embodiment of the present invention.
Mask fine stage 104 includes a mask frame 110 that is
attached to coarse stage 102. A mask holder 112 is
20 connected to mask frame 110 via actuators 114, 116, and

118. Mask 120 is held by mask holder 112 in a

conventional manner, as is well understood by those
skilled in the art. Actuators 114, 116, and 118 are
disposed between mask holder 112 and mask frame 110

25 such that they can move mask holder 112 in the K, Y,

and e~ coordinates as shown by arrow 105, while coarse

12



plate 107 at tinme tex to achi eve the desired synchronization betmeen1wﬁmL¥m2
120 and plate 10?. Thus, beginning the notion of mask 120, such as at

tl, when mask 120 and plate 107 are aligned will result in 1§H§9§ Ilomnng
error with mask 120 and plate 107 not properly synchronized

following error, mask 120 is prepositioned relative to plate 107 before t he
scan begins. Fig. 9 shows a top view of mask 120 and plate 107 20 carried
on coarse stage 102 inrelation to the beginning exposure point. Msk fine

stage 104 and pl ate fine sta 106 ar t omn i n . Fi 9 for clarity of
expl anati on. iﬂ&lﬂﬂiﬁf %8@31 H§l§¥pd§uggep5|nt i's

illustrated as bgi at the plate 1

2
L oned b gl it s 3rBR ”%’fv The Etaador ) sEl (A BHdFﬁ:gPag 8A 8D,
18 11J U 00 | K 98 -18 20 t t K
di recti on’ by e SEATEENS Eabot Hen alojﬁ&gfl'g%f T SR d
15 wh XeX the d t t t to

teX/andeLels%Fﬁé§ﬁa§ .w?§§tﬁ8ﬁd932¥§?eW?ﬁ Sﬁ%%@eﬁﬁﬁﬁﬁgaqﬁafﬁﬁgée'FE o
indicated in F%%l ﬁ % .broken Ignes % eﬁ coarse stage 102 begi ns
to move in t K& 888F3|ﬁ§ atd PetPi §RALPRAPEAFEA IR -arrow 103, at tine toO,

mask 120 will begin.to nnve N di r.ect.i on s indi cate rrow 105, to
synchroni ze wt I aﬁ "‘"101'7‘1 ktgi’Z(?%qaltc{rra{\} | MOVESs g‘e?’\élgf t| me tex

and, thus, 15,505k 120 8acPlateatBZul | Ly beapraperly al jgneg atyjire tex
cBR KT 5PeTd Pog 30751 nfoLd

at which tinme exposure océurs.Posrtron ¢ rol tus 108

pr ovi des to %@mﬁﬁmﬁp%ﬁm ggfwﬁﬁﬁgmnf%y&mm“m

of mask 120 during eac ate cyc osition con paratus 108

shown in Fi 931§1u119§§@9u9m¥t HSvQQSihe@hgoébﬁ\éoli*l?écG?@ﬁSe%éﬁ Q€o4P2 and the
nagnlflcatlon factor according to the follow ng: Xm= equ. 2 25

where;pXm i s 4he dasi 126 ROSb! n8PeVRhYR 9&13@§k1&29heKoLSdiPs desnred
position val ue of coarse stage 102, and 1 JUG 2002 NIK 98 -18

if one actuator is moved in one dlrectlon more than the
other actuator, however, the 0~ coordinate is
unnecessary to change the orthogonality or
magnification of the exposed image.

15 To control the accuracy of the system, the actual
position of mask 120 must be measured relative to a
known fixed position and relative to plate 107. The
actual position of mask holder 112 can be measured by a
conventional position measurement system, such as an

20 interferometer. Fig. 6 shows reflectors (mirrors) 122,
124, and 126 mounted on mask holder 112, which are used
by an interferometer (not shown) / via incident light
beams to measure the position of mask holder 112 in the
K, Y, and ez coordinates. Because interferometers are

25 differential devices, the position of mask holder 112

is measured relative to another component of the

13



b is the magnification factor. It is appreciated that where positiop UL 2002
control apparatus 108 controls the novenent of mask 120 by controll hd ¥%£
vel ocity of mask 120, the magnification factor is nmultiplied Béggh_ 5
desired velocity of coarse stage 102. Additionally, feedformg 'gﬁals are
generated by position control apparatus 108 and provided to actuators 114,
116, and 118 to conpensate for following error and to reduce settling tine.
The feedforward 10 signals are generated by multiplying the command

trajectory veIOC|t and he na nlflcatl n_fact ar. 1 nse ntly, when
the exposure WIS i 7 §FW! ﬁsnB§QJf%% éHdE%PEth§O7 will be

EAEB;SBgEit orld %?Df dcaleefsfélfr'&i?% é”ﬁ*#@'&?*?%%yfﬂss#”%?? 4130088, iidtg hat
; St

Amount - | O SOOhh RESH Pedtetn 14 P LaeBoBeARERSS: FELEEIRcecause

mask 120 moves, idi e conaeshhe ohke 29.2eaa0bng dbkeaiLgnydur ng

exposur e. sldﬁ ange i ogona ty of e exposed inmage is

desired, mask 14 cﬁ%%sbﬁoﬁh%g Sbh‘ﬁ@egnb@ EBBwﬂigﬁB'ﬁgaggggcikgn that nask

120 wiTl be traveling during the exposure o 1 € anmount 25 of

1T 5 OT 2088 RaeBE 1 388 kS Rhh earle SpRIOlLLy e e st 2
travel ed by g r?ﬁa%&%Qe QSE&@EH tiyg hg gﬂgoheéf 8k P idEFellz

orthogonal ity ctor ove e I ment e exp anation s

descr Thed 1 kel Lag 89onaboflagi el faly bYPEAFXROSLES. ARBAEALYAq N Whi o

the plate 107 an e mask 120 are arrahged ong a vertica ction and

are noved tothe Lupeher 188aei6A! 8¢ h”EESg@fwﬁtﬁaih6é9f8£o£H8t8?§k onto the
substrate. The stage control method and an exposure nethod or the |like as

statefh i n thesaheue anbedi §BNth638 BrRiapeHi e tReadrexposure apparatus in
which a wafer and a reticle are arranged al ong a horizontal 15 direction,
the wafer and thm rfi isdterawat ives padicddflentyonagdki hoadeesad 2dijsections to
each other and an inverted inmage of a patter of the reticle is projected on
t he substrat eonhechedppear abassai stae 8Pl wiacactedeorsnplF| gl14p. 20 In an

scanni ng type exposure apparatus as shown in Fig. 10, an illum nation |ight
for exposureliiBenobeiakingethéaneedsbarcmaskr Erame F)]10noInssoehn, aent er s
into an illum nation optical system 150 through a |ight guide optical
system not smbadim@nht,i attwibarsohlésandt 1t8l axysdbspesed abetveen
mechani sm fly-eye |l ens, and condenser lens etc. and illunmnates a reticle

R wit¥ an 21mask holder 112 and coarse stage 102 and are used to
move mask holder 112 in the Y and &z coordinate
directions. Actuator 114 may be directly attached to
coarse stage 102 and used to directly move mask holder
112 along the K coordinate. Thus, in this embodiment,

20 the entire mask fine stage 104 moves relative to plate
107.

Fig. 7 shows a close up side view of an example of
actuator 114, including an attached encoder 115. It is
understood that actuators 116 and 118 are the same as

25 actuator 114. Actuator 114, which is e.g. a voice- coil

actuator, includes a voice coil or other suitable motor

14



|

11J UL 2002 NIK 98 -18 illumnation light formed in a predeterm ned

area. Areticle scanning stage 180 and a reticle fine stage 180a driye fpgn
reticle Rin a scanning direction (Xdirection). The reticle gheg stgge 180a
is connected to 5 the reticle scanning stage 180 and is driv PR o
direction with follow ng a wafer stage WST stated below. The reticle fine
stage 180a is controlled according the control explained in the above

enbodi ment. Further, the reticle fine stage 180a can performfine- rotation

for 10 yaw tion Mbving i 36 and 1363 f flect]

(i St ance meadii i TSR Rk TReer o VL BFs 1105 mOT 860 2 Bef Fxed at
ti fot icl ing. st 0.and the reticle fine stage 180

0o that the dodin IS SEAYSPer BEGOR X iP5 a R EEPEORT BOFBILCE oty

d by the | i nterf ters 135 135a.  A_pat i d
the reticle RY Ak fealle 110r AranbRy onY. Gkoted 3o andoeomPREYER on t he

}tAﬁfee\:/]va}NgP st 2935%{?%?%332 %%E‘t%%fﬁ'a&% BB 5y radde aibecthrE BRNSFs r i ven
_ i _ ° AP
expostt o opeRsrEandiEhaaray, P, uBR, F2Annad Ak kBN BMAL Tk ida0r | Phe

A orection LR by 33,beL B3 St 958 Lena udheak s 8By, 1

il lum nation~area ri ving 02 NIK 98

-18 scanni ngyshade 1§09 andyt RRuEethe! felbBRaska95 102 1BY BRaps) oLyt he
% . %rgnlgaﬁ fh tﬁe scan

reticle driving systém'l I'n "sync ron w ni ng, fhe waf er

Wis scanned q 4ocqustan $REREINZelntoXngbkeRblaB b Srregpect to a
e 1 lumna y gt

reticle imagé inth I on area rivin e waf er stage WST by

means of the waket +dbiV iR S keke®rbi’ 1 1ASSUM i aly the, N8l BkdhsAL] on

fromthe reticle Rto the water Win the projection optical syste _|$ a,
the speed V2 5R08kflePeatthat8riemndy BEVh1tbPnatshe@Yus8Y, synchroni zi ng

scanni ng of the
including, for example, other types of electro-magnetic
actuators and screw type actuators.
An encoder 115 is directly attached to shaft 132

of actuator 114 to determine the amount of drive

15 provided to mask holder 112 through actuator 114.
Encoder 115 measures the position of actuator 114.
Position control apparatus 108 uses the position
information from encoder 115 to measure the rate of
change of position of actuator 114, which is

20 approximately a measure of the velocity of mask holder
112 relative to coarse stage 102. Because encoder 115
is directly attached to actuator 114, any flexation or
vibration of mask holder 112 will have little affect on
the measurement of the velocity of mask holder 112.

25 Additional encoders are likewise directly attached to

respective actuators 116 and 118.
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reticle Rand the wafer W all patterns of the reticle is projected pn jype
wafer W When the exposure for one exposure area has been conpleted, a
scanning start position of nest exposure area on the wafer W%ﬁﬁ%?s 5into
aP expa;$rg filed offthe Projegtiop optip?I Eys%ﬁn1PL by dri ( fﬂ ?gger
st age y means of a stage driving unit. Further, a noving mrror

for reflecting a distance neasuring beamfromthe |aser interferoneter 20
138 is fixed at one end in X direction of the wafer stage WST and the

By means of the | AErTHEE rE bt T LA ST Ry Ao for
reflecting a dista asuring.beamf t he r.25.anterferoneter is
fixed at onec@ﬁ§r8?i?ﬁgBXaP8?ls%ggegbﬁﬁgg% %B%ngg??eggébngéfg% %?nilarly
tothe X 23 _.1 1.J . 2 NLK - i i n osition of the
ma{erfstaget 'i%'ytgsﬁgggPe% ngg%s S@?#égﬁéefQBﬁﬁggéggﬁgby t?e .
interferoneter. . n : o] o] 0 e ion in

t he scanning%P§6§g§§pégu?éhép%%$§?%sPéé’t%@a]#éﬁ%giﬁrgﬁ%gﬁggyég mai n
contraller 1 I p tions t ;g% %i t 41 is to
perfo?%1the #éFgg?gggﬁgééﬁ%ngﬁgf£?%ee§é?%gf%t£g% gﬁg %é&ﬁ%ﬁeg%le fine
stage 180a b d th oSt & i 10 i ! in he | aser
interferonetgig'lgg§’1 %§ g%%'i@%ﬁg%dgéﬁ%ngéééghéﬁﬁéﬁ?éﬁ%%%#%ﬁ% fromthe

driving Sy“?Hﬁtiéi" a%ﬁgfﬁié&% 168 NedfEPs N9t e Hﬁ&@'f&r?rd?égﬁso)# aft%]@(depe”di ng

on the magniftication rojection optical system e speed of

the 15 reticehbhgf abegerdB0avh!migsrers Sl heyapapeiofi il er stage

WST during the scanning exposure and suppression the rel ative positional

rel ationshi pabgbyeeity Nerésdi-clonPRttSIp Rtk they v Rattern within a
predeterm ned alignnent error. Beside, instead of the 20 reticle fine stage

180a,10a waf %;sp@ﬁeiéwﬁ 66 agife NBYs Dee Mg iesi d4x h nected to the wafer
st age WST. ile the above enbodi nents are directed to exposure apparat uses

usi ng KrF, Apttheégoml iy efadtew el Rogtdkanille NMherddiend i ght to be used in
the 25 exposure apparatus according to the present invention is not limted
to be them amaghbeiaiebemtor methogonakbytyyfactor is desired,
position control apparatus 108 moves mask 120 such that
mask 120 and plate 107 remain aligned in the K and Y
15 coordinates. Thus, any magnification or orthogonality
error is corrected. However, where, for instance, a
magnification factor of 1.1 is desired, position
control apparatus 108 updates the K coordinate position
of mask 120 relative to plate 107 by an amount equal to
20 ten percent of each change in the K coordinate position
of coarse stage 102. consequently, mask 120 moves
relative to plate 107 at ten percent of the velocity of
coarse stage 102.
While correcting the magnification or

25 orthogonality of the exposed image, position control

apparatus 108 may simultaneously dynamically correct
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1 1J UL 2002 NIK 98 -18 be applied to EUV exposure apparatus using a

li ght having the wavel ength of 5-15 nmas the exposure illum nation Hilght, 2002
X-ray exposure apparatus, an ion beam exposure appar at us usiN@(@gcggrged
particle beam5 also. Wiile the present invention has been described in
connection wth specific enbodi nents, variations of these enbodi nents wll
be obvious to those of ordinary skill in the art. For exanple, mask hol der
112 may be 10 connected directly to coarse stage 102, thus obviating the

need for ”aSktHém%gﬁ}c}fi%nchg ei¥or HAGIRaRBK Hinel 822621 189 M@ 1 ed such

t hat change in ation and orthogonality is achie by noving plate

fine stage 1Qf Mhi lﬁr{pléﬁa@%%’d?ﬁ %Isag:%aﬁ:oﬁa laly ggzeiwl_w LlagTherefore,

the spirit and scope of th clalms shoul d not liTmted to the

foregoi ng desqiiplyOkoa NI RS- IWLII%_%Idldli-E}oiél,l _'E)otsg%ig‘ﬁt B?ﬂt%ﬂ

apparatus according to the present invention, esired magnification and

or t hogonal i t v 20 /6aRsbQ 088 HahyZ §Sadc e q1 iWaeR ikl $oirN¥eRkken is
applied to a mcro-lithograph apparatus, an apparatus in which a pattern on

a retigle carthed nansie) REQR ALY thHe koastani ed1skatkys, can be
realized. 25 25 11 JU 20D2 CLAIMS 1. An exposure apparatus for

projecting a pattebnt@blaofathedByhchtdnbouat @rrdd dnaPPerak¥sonOBRri sing: a
first stage which noves said mask; a second stage which noves said

substrate; askiitndngt ddteCaneedead tidedl tinethenapelesardrbirefiteand second
stages; and a driver which drives said third stage prior to the start of

sai d project ic@@en_a-ingna@p&@.&ﬁﬂﬁo@pIé@ﬂ:@.&:llédfiePOSG!irmgNt GoRfrROM 1, wherein
said third stage is driven at the substantially sanme tinme of the novenent

of said firshrPPhAREEUS3FORN FENEOSTAGESPCARRIED BYCAr dORASEOSTAGENDH, Wherein
said third stage is positioned at a position which is offset from an
exposur e st ait HIGHPPRECISHONf SEANNENGOROSHTIONINGf S¥STEMpd” sbgond st ages.
4. An exposure apparatus according to claim1, wherein said third stage is
connect ed t oBengdnf ¥nen,sandeKardakdl §eikai dcaapknding application
serial number 09/045,218.
Figs.8A, 8B, and 8C are graphic representations of
the respective acceleration, velocity and position in
15 the K coordinate of coarse stage 102 in relation to
time during a scan, while Fig. 8C represents the
velocity of fine stage 104 in the K coordinate in
relation to time. During scanning, coarse stage 102 is
moved by position control apparatus 108, shown in Fig.
20 3, such that course stage 102 is stationary at time t0
and is moving at a constant velocity Vc at time tl, as
shown in Figs 8A and 8B. Exposure of plate 107 on plate
fine stage 106 does not occur until coarse stage 102
has reached an exposure point X~ at time t., as shown

25 in Fig. 8C, by which time coarse stage 102 is at the

desired constant velocity Vc, as shown in Fig. 8B.
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5. An exposure apparatus according to claim1l, wherein said apparat ug {1 jui 2007
conprises a scanning type exposure apparatus in which said pattern is
projected on said substrate during a synchronous novenent of Pg sk and
substrate. 6. An exposure apparatus according to claim4, mh@ﬁg' said

third stage holds said mask along a vertical direction. 7. An exposure
apparatus according to claim1l, wherein said driver has an actuator which
drives said third 26 1 1J UL 2002 stage in a direction perpendicular to
sai d synchrongus novi.n dhr ction.durin%osaid s%%chron us nnvinen%. 8. An
exposure apparttif€ &k diﬁé £8041RUSS1 oMY E REsSPRS G eV SLRELides a

posure i 8 FHides a
art ver no uireclﬁilt%‘ﬂr e st %k%glﬂf%f%‘ré%%rrfbf@?A%?sgsilﬁ?ééaﬁ%iéﬁbﬂs”' )
For mod. | 1. AR St 04 RERA S 66y HERG EDSERa AIC WRBFei n Sai d {114t

i d.said third i
oo ovemenEXBrRsE e b3 pAR e, 404, PeelEsnBatiEn Fones, Frm Bnd der n of - a
K bst id_pmeth i sing: i di fi whi ch
o ss Lard ook affia, Bt BUD RS RIS A oL B HLigh papoe WrLe

sai d SUbStra%gft&%ﬁg?r5§EQQn§@.qw&@brggﬁgggg g&ig%mEQ.ﬁssééét? f said

proj ecti on. od according to I'm1 erein sail ird stage

comprises a gask ihaﬁgg?hh%h HQEgsfiﬁEdsgﬁgé-1é§-bégﬂﬁéhﬂ9v§ﬁﬁoéﬁi”9 to

claim12, wherein sai hird stage is positroned at°a positio ichis

of fset Trom 33kl ko' 3hahyofiRe: oL hasR F4ABLsChqd8al PPl ghich! on. 13, A

met hod according to claint12, wherein sald projettion is performed during a

synchr onous EQ%%E%thQEkSQEQ,”ﬁﬁg fégcﬁﬁaskagéﬁstgﬂt véldcith ¢£02 16. A

met hod '‘according to claim 15, erein said Is driven in a direction

per pefidi cul apakR 220 WAStI PBafh 8alds$¥BQhpOSLHEoNDYETRE vEUELNY sai d
synchronous novenent. 17 . A nethod according to claim 12 , wherein said

third stage p3sa@lei ven durtifleSti,d toy aehieveusheDyeskiredso that projection
error in said pattern caused by the difference in synchronous novenent

bet ween sai dsynekrendzaaidnsbbsweahemaskcb20esh@dpldBe P07 exXPhasy e
apparatus whi ch exposes a pattern of a mask onto an object, while the mask
and t he subsbegtianing tbei mgtionaofcaasknd2d reach oms abnpimsi bly;
when mask 120 and plate 107 are aligned will result in
15 a following error with mask 120 and plate 107 not
properly synchronized. To avoid a following error, mask
120 is prepositioned relative to plate 107 before the
scan begins.
Fig. 9 shows a top view of mask 120 and plate 107
20 carried on coarse stage 102 in relation to the
beginning exposure point. Mask fine stage 104 and plate
fine stage 106 are not shown in Fig. 9 for clarity of
explanation. For simplicity sake, the beginning
exposure point is illustrated as being at the point

25 when mask 120 and plate 107 are aligned. Prior to the

beginning of the scan as illustrated in Figs 8A-8D,
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a first stage that noves the mask in the scanning direction; a seconq Shﬂ?ﬁ
that noves the object in the scanning direction; a third stage that ié 02
novabl e relative to said first stage to position said mask, @ 'ggtﬁ'rd

stage hol ding said mask; a drive |ocated between the first s QS arid t he
third stage to drive said third stage relative to said first stage; and a
control device having a m croprocessor to control at |least the first stage
and third stage by the drive, said control device initiating a novenent of

the first st and .a.novenent .of _th i S telative to,said first
stage at the%%§#éQ?Pnﬁsppfgpo%égéogFgrEQO%HSnB§§§B%ﬁ?ekoééFSFFbﬂnthat
exposes (he pattern anpacthg gBEeehARd. AoyYhdesaidy bhrst stage and said
third stage at a cons ant vél ac y dau ing Thé exposure’operation to
suppress a follow ng error between the mask and the object in the scanning
direction. 28 11J UL 2002 19. An exposure apparatus according to claim
18, wherein sgid khir5_§ agge | sy positioned at a position which is offset
from an exposure s?&# I A pé%ltlon of either one of said first and second
stages. 20. An exposure apparatus according to claim 18, wherein said third
stage "hol ds said mask along a vertical direction. 21. An exposure apparatus

according toyglabnkisssnbrEehn eahdo! LEshetod sooobisLagesqare integrally

formed. 22. An expolure apparatus accordi ng arm rein said first

stage conpri BEEw@eﬁ%%@S IBVERENE yhage pand %ﬂle\?\gn}a?h&?ié%%%nco”p” Ses a

fine movenment stage. 23. An exposure apparat us exposes a pattern of a
mask onto anggbigel Whi! BréPss Bskneddnide $26Sis i RaPELLOBVINFLY. @

scanning direction, conprtising: a first stage that noves said mask; a
second stagegt@thNMeMESHEEkEn ODiges; a third stage that is novable relative
to said first stage to position said nmask, the third stage hol ding said

mask;joand a dri veyieir adkdeetsraye tihe fidginstrgmand iheandig d stage to
drive said third stage relative to said first stage such that the third
stage is di stocatienatel airection saindicaséd shpoeredwnpo3 heats cadine ng
direction prior to a start of an exposure operation that exposes the
pattern ont ot0hemadkel20 twikligpeghs o fmdvewimothes rdirdet ivren ddie nmask and
the object in the scanning direction during the exposure operation. 29 1
1 J UL 2002igdicdted elxposcrew abPayr atessyichienige3yitheplate the7 & hird
stage is dislocated relative to said first stage based on a noving di stance
of the firstMaskgb2@uwihy braeebrat AdatpaeeodXobyt hdme Fat aichgehBn

. AFF. AY9. AFYL. ASY. Af . Al | . AY. AF. AY. AY, AY. AF. AY. Al . Al @ A3F. AF. Al Y. A3. AY! . Al n
.AF.AﬁY.AF@EmGQKﬁgzo and plate 107 will be properly aligned at time

L. AAl . AYh. A A)\ Jtul gthugkfa\ cRa%ca]c lc %ca]ig cgéca ca) ca] ca] ca] cal] ca
] ca] ca] ca] catea] 84) F81Ea] EAPEatFRSF 5?08?08? 5% LA] cREFREPcal 2 3
Position control apparatus 108 provides to
actuators 114, 116, and 118 an update to the desired
position of mask 120 during each update cycle of
20 position control apparatus 108, shown in Fig. 3, based
on the desired position of coarse stage 102 and the
magnification factor according to the following:

Xm = X(b-1) equ. 2

25 where Xm is the desired position value of mask 120, K

is the desired position value of coarse stage 102, and
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: amount ~X in the scanning direction prior to beginning
the scan because mask 120 moves in the opposite of the
20 scanning direction during exposure.

Similarly, when a change in orthogonality of the
exposed image is desired, mask 120 may be prepositioned
in the negative direction that mask 120 will be
traveling during the exposure of plate 107. The amount

25 of the preposition is based on the desired

orthogonality factor such that:
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where X.x is the distance traveled by coarse stage
between time t0 and t., and p is the orthogonality
5 factor.

In the above embodiment, the explanation is
described referring so-called a vertical type exposure
apparatus in which the plate 107 and the mask 120 are
arranged along a vertical direction and are moved to

10 transfer an erected image of a pattern of the mask onto
the substrate. The stage control method and an exposure
method or the like as stated in the above embodiment
can be applied to an exposure apparatus in which a
wafer and a reticle are arranged along a horizontal

15 direction, the wafer and the reticle are respectively
moved in opposed directions to each other and an
inverted image of a patter of the reticle is projected
on the substrate. Such apparatus will be explained
referring Fig. 10.

20 In an scanning type exposure apparatus as shown in
Fig. 10, an illumination light for exposure from an
excimer laser source (KrF, ArF), not shown, enters into
an illumination optical system 150 through a light
guide optical system, not shown. The illumination

25 optical system has a blind mechanism, fly-eye lens, and

condenser lens etc. and illuminates a reticle R with an
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) 10%&4) S#]t%%&r(e)tl%f][réd"s@a%gﬁ)ﬁ%d'é%gge 180 and is driven in X-

direction with following a wafer stage WST stated below.

The reticle fine stage 180a is controlled according the

control explained in the above embodiment.

Further, the

reticle fine stage 180a can perform fine- rotation for

10 yawing correction. Moving mirrors 136 and 136a for

reflecting a distance measuring beam from laser

interferometers 135, 135a are fixed at portions of the

reticle scanning stage 180 and the reticle fine stage

180a so that the position of the reticle R in X-

15 direction is real-timely measured by the laser

interferometers 135, 135a.

A pattern image formed on the reticle R is reduced ,

for example one-quarter, and is imaged on the wafer W

by the projection optical system PL. The wafer W is

20 mounted on the wafer stage WST which is movable in X, Y

and Z directions and is driven on the basis of an

instruction from the wafer driving system 137.

During exposure operation, the reticle R is scanned

at a constant speed V1 in the X-direction which is

25 perpendicular to a longitudinal direction of the

illumination area thereof by driving the reticle

22



101.YS) 109 ()- MLO%& ()-f#10%& ()- F(miO%! ()- 10 10 10=10% ()-4 19 JuL 200
5155166J7dEDC

10 Y5) 3' 109 ()- @r10%: ()~ 10% () -1 109% ()- 10%&: ()~ Z10% () g 778} sad
101 . YSI 9- #109%&’ () - Y+10%&' ()-!f)F10%r& ()-' 10%& ()- %L0%: () - #S10%& ()-}8VO
9999999xnbC 10! . YS3( 10% ()- 10 10 10=10%& ()-

8- 109 () - YOmLO%&! () -y, /: 109& () - 99: .,,<}’\<an 101 l)gl

"109%' () -y" 10%&! 100 () L0 C) 40782 g 0U&:- () <<==>@C?2D?zX
9.C 10=10%& (%“'alngﬂﬁﬁ fé‘ﬂ? 1 /«Ee% G 5&96 1%?0 Y00 ()-f
11098 ()-yDpEaEaST . f 10%&'

s10%& () - 10983 o %Cd&&e %r#(’%‘&y&yf’)tem163fo@%nAAAAaBmw

A B i, o v
EE~_= f1 | Tovan i e Foatds %ﬁyél’{a)eéi% 1 ~"alPeleibn’ WieR

10|:1Q%&I() %%%%QCQ) EEFFgg@the—lmage in the illumination area by

driving the wafer stage WST by means of the wafer

driving system 137. Assuming that the maginification
from the reticle R to the wafer W in the projection
optical system is &, the speed V2 should be set to be

10 axvl. In such way, by synchronizing scanning of the
reticle R and the wafer W, all patterns of the reticle
is projected on the wafer W. When the exposure for one
exposure area has been completed, a scanning start
position of nest exposure area on the wafer W moves

15 into an exposure filed of the projection optical system
PL by driving the wafer stage WST by means of a stage
driving unit.

Further, a moving mirror 139 for reflecting a

distance measuring beam from the laser interferometer

20 138 is fixed at one end in X direction of the wafer
stage WST and the position of the wafer stage WST in
the X direction is real-timely measured by means of the
laser interferometer 138. Further a moving mirror for
reflecting a distance measuring beam from the laser

25 interferometer is fixed at one end of the wafer stage

WST in the Y direction also similarly to the X
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5 in the scanning type exposure apparatus is totally
controlled by a main controller 141. The basic
operations of the the main controller 141 is to perform
the relative movement of the wafer stage WST and the
reticle fine stage 180a based on the position

10 information obtained from the laser interferometers 135,
135a and 138 and the speed information etc from the
driving systems 134, 137 etc, with keeping a
predetermined ratio(depending on the magnification of
the projection optical system PL) of the speed of the

15 reticel fine stage 180a with respect to the speed of
the wafer stage WST during the scanning exposure and
suppression of the relative positional relationship
between the reticle patter and the wafer pattern within
a predetermined alignment error. Beside, instead of the

20 reticle fine stage 180a, a wafer stage fine stage may
be provided to be connected to the wafer stage WST.
While the above embodiments are directed to
exposure apparatuses using KrF, Arf, or F2 laser
(wavelength :157 nm), the light to be used in the
25 exposure apparatus according to the present invention

is not limited to be them and the present invention may
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beam exposure apparatus using a charged particle beam
5 also.

While the present invention has been described in
connection with specific embodiments, variations of
these embodiments will be obvious to those of ordinary
skill in the art. For example, mask holder 112 may be

10 connected directly to coarse stage 102, thus obviating
the need for mask frame 110. Further, fine stages 104,
106 can be modified such that change in magnification
and orthogonality is achieved by moving plate fine
stage 106 while holding mask fine stage 104 stationary.
15 Therefore, the spirit and scope of the appended claims
should not be limited to the foregoing description.
INDUSTRIAL APPLICABILITY
In the method and apparatus according to the present
invention, a desired magnification and orthogonality
20 can be realized, for example, when this invention is
applied to a micro-lithograph apparatus, an apparatus
in which a pattern on a reticle can be transferred on a

wafer with a desired status, can be realized.

25
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mask on a substrate, said apparatus comprising:

a first stage which moves said mask;

a second stage which moves said substrate;

a third stage connected to either one of said first
and second stages; and

a driver which drives said third stage prior to the

start of said projection.

2. An exposure apparatus according to claim 1, wherein
said third stage is driven at the substantially same

time of the movement of said first stage.

3. An exposure apparatus according to claim 1, wherein
said third stage is positioned at a position which is
offset from an exposure starting position of either one

of said first and second stages.

4. An exposure apparatus according to claim 1, wherein
said third stage is connected to said first stage and

holds said mask.

5. An exposure apparatus according to claim 1, wherein
said apparatus comprises a scanning type exposure
apparatus in which said pattern is projected on said
gsubstrate during a synchronous movement of said wmask and

substrate.

6. An exposure apparatus according to claim 4, wherein
said third stage holds said mask along a vertical

direction.

7. An exposure apparatus according to claim 1, wherein
gaid driver has an actuator which drives said third
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. An exposure apparatus according to claim 1, wherein

said driver includes a voice coil.

9. An exposure apparatus according to claim 1, wherein

said driver includes a plurality of actuators.

10. An exposure apparatus according to claim 1, wherein
said first and second stages are integrally formed.

11. An exposure apparatus according to claim 1, wherein
said first stage comprises a coarse movement stage and
said third stage comprises a fine movement stage.

12. An exposure method for projecting a pattern of a
mask on a substrate, said method comprising:

providing a first stage which moves said mask and a
third stage connected to a second stage which moves said
substrate; and

driving said third stage prior to a start of said

projection.

13. A method according to claim 12, wherein said third

stage comprises a mask stage which holds said mask.

14. A method according to claim 12, wherein said third
stage is posgitioned at a position which is offset from
said first stage prior to a start of said projection.

15. A method according to c¢laim 12, wherein said

projection is performed during a synchronous movement of

said mask and substrate.
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movement.

17. A method according to claim 12, wherein said third
stage is driven during said synchronous movement so that
projection error in said pattern caused by the
difference in synchronous movement between said mask and

said substrate is corrected.

18. An exposure apparatus which exposes a pattern of a
mask onto an object, while the mask and the substrate
are moving in a scanning direction, comprising:

a first stage that moves the mask in the scanning
direction;

a second stage that moves the object in the
scanning direction;

a third stage that is movable relative to said
first stage to position said mask, said third stage
holding said mask;

a drive located between the first stage and the
third stage to drive said third stage relative to said
first stage; and

a control device having a microprocessor to control
at least the first stage and third stage by the drive,
said control device initiating a movement of the first
gstage and a movement of the third stage relative to said
first stage at the same time prior to a start of an
exposure operation that exposes the pattern onto the
object and movind said first stage and said third stage
at a constant velocity during the exposure operation to
suppress a following error between the mask and the

object in the scanning direction.
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19. An exposure apparatus according to claim 18,

wherein said third stage is positioned at a position
which is offset from an exposure starting position of

either one of said first and second stages.

20. An exposure apparatus according to claim 18,
wherein said third stage holds said mask along a
vertical direction.

2l1. An exposure apparatus according to claim 18,
wherein said first and second stages are integrally
formed.

22. An exposure apparatus according to claim 19,

wherein said first stage comprises a coarse movement
stage and said third stage comprises a fine movement

stage.

23,
mask onto an object while the mask and the substrate are

An exposure apparatus which exposes a pattern of a

moving in a scanning direction, comprising:

a first stage that moves said mask;

a second stage that moves said object;

a third stage that
stage to position

is movable relative to said

first said mask, the third stage
holding said mask; and

a drive located between the first stage and the
third stage to drive said third stage relative to said
first stage such that the third stage is dislocated
relative to the
direction prior to a start of an exposure operation that
exposes the

following error between the mask and the object in the

said first stage along scanning

pattern onto the object to suppress a

scanning direction during the exposure operation.
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third stage is dislocated relative to said Ffirst stage
based on a moving distance of the first stage during
acceleration period of the first stage.
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