,e3e. && *| +.6:.T.|2? SEP z002 SPECI FI CATI ON EXPOSURE METHOD AND EXPOSY
SYSTEM Techni cal Field The present invention relates to an exposure xg&oﬂ]
and exposure system (exposure apparatjus) which are used to expose al 02
pattern onto a sensitive substrate in a photolithography step for

manuf acturing a device, such as a sem conductor device, an i i ckup
device (CCD or the like), a liquid crystal display device OJW@M@WHM/‘
magneti ¢ head. Background Art A(?’P%Qgééé%o@ppar atus, such as WI n
exposure apparatus (stepper or the like), which transfers the iR« of a
pattern of a reticle serving as a mask onto each shot area on a wafer (or a
glass plate or the lJ r S| i nsitive material has
been applied, via aé%ﬁ@mﬁﬁéﬁﬂﬁb@@wﬁﬁma n manuf acturing
sem conductor devices or the |like. Because, for exanple, a sem conductor
device is fornmed by overlaying several tens of layers of circuit patterns
on a wat&Lhnich Bef €det er m ned positional relationship, those exposure
apparatuses are equi pped with an alignnent unit, which conprises an

al i gnnent  semgOprefdit iKlRhA64 Flfted REaPOTobke Ateiifd Aldi APPRAE sPREKS On a
reticle (reticle marks) and alignment marks (wafer narks) provided in the

i ndi vi diégrposafoipparfas which bR vsed &F expase ambla?ﬁtemysﬁ@m de@itiak kayirage t he
reticle wth the wafer based on the result of the detection by this

al i gnneinta phendohogrhphyasiep foramanufactwingcd devade, guuiessta seinicoriacpe doficgn 1 nage
processing type which illumnates a mark to be detected with illum nation

| i ght ofn infege pinkepwaviek €0GDhorabe tika), a diquiskgrpsairdisplayydevidesonesthth fikn an

al irgnnent sensor for detecting a reticle mark. As an alignnent sensor for
det ect i Wagnetigdead mark, an optical alignment sensor, such as a | aser step
align t .type, doubl e-beaminterference type, inmage processing type or the
i ke, nﬁga%\écg{nd\mén this alignnment sensor for a wafer mark is used, it is

necessary tOANBYERLELLANSLY SIBARL SiE HLghRACoRELISE IS Gt o Of

the pattern 1 m rcle exposu center) and

the cenggs, %ﬁiﬁﬁ%ﬁ%}ﬁﬁe %a%emfsa t@e%%feti%ﬁ%ﬁﬁn% hs Emaskt Bfo2IONotOf the

base |i ne, a high precision. Wien the optical alignnment sensor for
det ect i 48a 8n Weafér (GBE Igldss pla&esh the liRE PERée Tt HQdefidSAta SERYILIVE MBHtdidIN t he
detection result due to asymmetry or the like of the wafer mark to be
det ect elths bSesc hpraiedpifazeprojestiobptical yyssérgnis bsadlantmaniufdeturggpect to the
overlaying precision that is required at present, and, nore particularly,
t he of fsseuconduater daviges prrtbe ke Hgcawpdosermnple, iasemiidogductoHdewdceeis, as t he
mniatugizagjon of sem conaiuct or. . devices or the like is inproved further,

the of fOBDEHRY XSRS FIEFAL HDS OF JayshedeF st PALCTAS AR A RHISTIR 2 Fi r st

Publ i cat i No. | ..8-45814. - PLO d posiktioni nmet ho ich detects
the poarEiaeBred Bhaifier PR URRR B0 BreBBp bR PR s PRE P B et o
by, t he @x@ﬁmﬁf& P%it,%hik?%oﬁpﬁ afali Hﬁle%ﬁgorq&r&t@iggg%cgﬁiéiﬁ'o gfrecting the

undul ati oh o € surtace of a resist Ichi1s pro y the wafer mark

by usi ngjganfaeMaHAG 4 AR r&IISHMAAR) brRPMgndttne Mmaflgr(hWafdimdrRS)at i ve scanni ng
of the to-be-detected surface with a stylus or probe, such as an atomc

force nprovidsd dpthe iAdivideial stonackanbovies wafenwedd stagedysiem forriphiag thas been
proposed whi ch uses a scanni ng probe mcroscope (SPM for detecting the
posi t i omtiole veitlwdifeerafembasedvon thearebilybf the detesiiamby thbd dleznintemt sensomi ng pr obe
m croscope (SPM_has an excellent resolution, however, the tinme needed to
detect the pbsidditinn, gfreticloakignmentmdciosconsrf@p imAghPIORessinEsyPawhisht i cal

P heoad et b A el b e DB s b PRI s o

o1 of oct PPERTB L aBRAF R LA R R [ OBV FUPKIT O o Phe

of a pattsat §n' EERReEhE ERBRIIREE, B bt diathEhlsdion st restlisda"ont o
f T S noot the 3 D ected

narer o Seb Bl R e BB A ERGLL Lol Rt pARERIKH b BTN ST

convent jsQRa Witehhis aREhABHRRhs oA LRARP BiskiOls IEL SEEIRELAS pBAI | on of a

reticle mark is of the type I m nates the to-bedetécted mark with

an ill umeoﬁlglg%é%ﬁite%r{hghfsta%eseweelﬁmet&ﬁte&bm@ipraa&linq&ag@b'fgeém&yst em for

t he exposure I'ight, however, a slight positional deviation is produced
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3 2 7 SEP 2002 between the center of the projected i nage of the pattern of
the reticle and the center that is detected by the reticle aligngn§tpP 2007
m croscope every tine the illumnation2condition for the exposure light is
changed. This deviation may result in an overlaying error. One way to
reduce this overlaying error is to perform for exanple, test printing
every ti the illum nation conditjon is.ghanged, neasure the overl aying
error af [Eg‘lpoﬁg}e/gFI&SM,th%ﬁedﬁ%ro&rdtéktcgf”ﬁgfgﬁ @%?é‘?ﬁm Peégﬂlf’t"eb %HBO%Y%}é’?f | ayi ng
error at tﬂe%si'liﬂg ﬁfthg%mljeé’isfmk' ng exposure. However, this nmethod is
ccordinglys it

t roubl esome. is a first object of the present invention to

provide an exRpsu e WBHEAGIMAINEN CA%:ab] BleBirdPRLEARr R REgSxpOSed W th a

hi gh preci sion even um nation condition I's changed. It is a

second objeieferM{ndiHErsef B8FRmMAIAVE Hel RiectiBn REAW A 18 BsyR ROV L HERiIRAgH Whi ch
can avoi d reducing the throughput by decreasing the frequency of usage of a

predet er MeNRsfePhRBEtARd T8t aS ithke@EdTrat 13 fdh vBryasifiodht witteresidck enfient i s
carried out by executing relative scanning with the probe. It is a third
obj ect obvérheying preeision thuteivtréquireti @t presetitdenda moex pasicularlgythe effisedinah can use
such exposure net hods, and a nmethod of manufacturing such an exposure

syst em limagespracésgingligpe sdmsercis sbghtt Hboweves entthd mirdatuiieatianoofpr ovi de a devi ce
which is manufactured with a high accuracy by using such exposure nethods.
Di scl osusemispndyeion ¢ayigesop theaiks 1s dmproyeé Sutherthe REBEt e 0saagrablemhe

toi ti f i [t 4 k wh first
P £ oni FRioAEs R AnpoRaen, Hist PBRist oo sl 80n8 T BESPonsseier o & second
itioni . k -R js f d. -.shot . t t.h hot
Do o whufng o\ ei0d Bieh, defeck e o Be P S Rk Rl Blel S Sfs o o
PP URSLRLAL Y TRL e Mg SERETE Bl 9, 2
the fir Stdefé@ﬁﬁé {HRNinAg1aMBh o AleRSfacof Nidstt hedh iQbrdductdbPald Waet hfarrask to

expose the first positioning mark onto the sensitive material on the

non- shot baretgdschhing phsHe diceoscape (SPM) Wwhich PeA0fids fetativielscairtng of thdet ect i ng
an uhdul ation distribution of the sensitive material by performng relative
scanni ng te¢-bealesutdlanefacd witha stdns ot probe,rsatkers an atninih facpmaecteswpai ned pr obe;
a fifth step of acquiri n% positional relation information of a_|atent image
of the first posmentnyedgbays. coarrntiondlys earrtbodbas hees Rrongsedhpkidasesiaon a

It of the detecti,on; i t f form | i f th
SRS R EEIE N LRI T N
d th st i .th tt. t bst f . th
o 2 oS5 Bt e BRSO F RE A B Do LA L,

mar k conpri o 7 e (nf%%:qsl )than that ezessed
and prom&gﬁgﬁgm ﬂngglt}lrﬁés)g%ﬁeéagrb ??Eﬁpqﬁg{{}g?ﬁ%r t&ﬁe |ke0§§% ge_ used as the
first andnpeendhiRamicht RREAIHEIdSerindche itoighpu® of R eRpesLE btep NFERHEDN,
fifst, as one exanple, an optical alignnment sensor for a nmask and an
optical akilgnpebé nRees substantially fldmitacatdthahe smsad of @ rasispytheaduritalignmount  of
the base line of the alignnent sensor for the substrate (the distance from
t he exposinoms, sdintharequites frequentskaipédnpeear t o t he detection center), then the
al i gnment sensor for the substrate is used to detect the position of a

pr edet er mi ned lp@sirpiceipmexnasple appassausiErh mey invlve altesetion ef thgnd t he
detection _result is corrected with the base |ine anoynt, ,so that the

Subst r at AP seadiNpRsm ascorasse WAF i athatin SRt hestade bf Rttt
exposure of the mask pattern with respect .t ne | ot of substr Sis
actual |y tg{batef(g%se ’rtlﬁFrI?a{tT‘FQ Ogélg “Wrgg‘r?%%f’ HEOJ?‘%%?‘SHWR&‘?’%}% WSH@i sﬁ‘iggﬂ?i s
changed, the.illum nation ar . i . C : o]
subst ant idtaelV af/e frPTnuorh]%ﬁgPlgll?aﬁgg% P?@%‘E’gg"su |%eﬁid%8aﬁﬁa?é<8%ﬁ§n%? pat%%?étel y01£exposi ng
the firsty pasitiogi t iohhMEHOBLAE AR QR cHBod fobt

substr at ethgﬁgdj%‘lﬁig)ﬂlﬁg‘ﬁ a??tgﬁﬁﬁsg%h??zgﬁﬁglgi of tl_he sgrfar(l:e lgf a%lgordi nary
Sens! Y CciRkif ki pdshtich of ARtiEGhARNY of @8itPde whith GiaRBaks e folie-exposed

| atent image, The positional relation information (amount of positional
devi at i 0Orjetddfed MErkSWRP BA iIPGRinkiiOnyrgniaifReréhdten trrikpmangionlgtibat ent i mage
of the first positioning mark on the substrate can be neasured with a high
preci si orsybyntfl eet éxposiiedighn dioheyéna sightpositiohalateviation hepwdnéaice by
relative scanning with the probe. Fromthis anount of positional deviation,
not only an illum nation-condition induced offset of the alignment sensor
for the nmask but the offset of the base |ine anount of the alignnment sensor
for the substrate



2 7 SEP 2002 is acquired. Further, a magnification error (scaling in a
shot), a rotational error (rotation in a shot) between a predeterrr”eg:tp 007
pattern and the substrate or the like @&e also acquired by providing a
plurality of positioning marks in a shot area. Thereafter, even when the
illumnation condition is changed, alignnent can be carried out with a high

i si i h ff f b | ] ; f th | i
D211 O Ry SORE S DRSS e R 1 SRR B S o
e 88085 R0 AT ALG BB ALl B i
o<l O b, Honky opghhod 1 sl R4t ko o Lo

third stepaRdedite thgtavtehaﬁhgrarromqe 8rri SfoP BEhrRSIS] testRintigig FRENK tife f Or Med

ke
in a non-shot area on the substrate vI\D/mch Is other than a sﬁot area where
the patt qp@illuininatidecddaidi| Broheshed measurélgfeigvatlh@ng Babr A& deve®pment,
positioning mark shoul d be exposed onto the sensitive material 1n the
non- shot adearrett thbaligiment regudpby theeversyihg enat atrthd dine@f actubldy wedkirgn 1S,
for exanple, the anmount of positional deviation between the |atent imge of
t he firstexposirti boweyemthik methdtibgrogblesomde.posi ti oni ng mark. A second
exposure net hod according to the present invention for exposing a pattern
(45) on a naskAegesdiaghy ftis adirgebiact ehihs@reperidnyeation trepgvidean g¥pasdreont o a
plurality of substrates, on each of which a second posiftionin rk.is
f or med, daﬁbpé chacam; aligp aSUBSTalE (oG PXROEA }yltﬁragg PECSIARTEI RS | al o
each of t.ne pl ralité.tof .Substrates; a second step of exposing the first
posi ti oni! erlféag]l?n(?ﬁf‘ "ORAS 51888 Ur esensitive material on a first substrate

in the plural i]#ant %Eec%ﬂﬁ’%{?@{ 6Cthe re{s@ﬁtriﬂvé{n%ﬂ.t%rcgg&eeﬁ %’{i’r%ﬁ%ﬂﬁ éﬁ'érlg?'% ation

distribution o e pressure-sensitive materi a per tive

scanni ng {pich cat'hicid fediicidd e %@ﬁ@lﬁgu@b%e&leaéif@th@&km@éy Hrushff€ofd st
substrate with a predeterm ned probe; a fourth step of acquiring positional
rel ation predaemmhédProdt ad hdiehin HedPAigH prlebigion] When PlOGirhdrRnd agris@blt and
the second positioning nmark based on a result of the detection; a fifth
step of peréecniingreddtivgrsnamtingivith thepwibd. substrate in the plurality of
substrates which is different fromthe first substrate with the pattern
based 6 2 7 Biethinhoded ol threpressit invspten foedravide gnieKpoundsystmn WA a
sixth step of exposing the ga(if:er onto the se ond,subsérate after the

al i gnmentSandIse She Bthogure Rpethe ﬁ‘é‘P?H‘eﬂFPél SRRSO 3AEEROYIC af ter t he
positional relation information of the latent inage of the first

posi ti oni H§Mark and the second positioning mark on the first substrate is

acquired, redugtl R hf, %E{?Qfgﬂ&ﬁ}gﬁ’ré%% iBFertlofils BfovAIh deyitinRhlignient

precision is naintained ng the frequency of neasurement using that
probe by GefkBeihidadyithe hiBeseaRdy b9Sdin shel etftguRas@hddsne amount) with the

of fset obt ai ned by the probe, using, for exanple, an optical alignnment

sensor for a substrate, with respect to the second and subsequent

substrates, until the illum nation condition is changed next tine. In
addi ti on, Dishlspreaifehé lnvention out | ess. It is desirable that an illum nation
area on the mask should be so set as to illum nate substantially the first

posi ti oni ng maAKial epeswetmetbed adrerding & the pegseatnnvetiondecomesegan. \Wen t he
second positioning mark is forned in_a non-sho r on the first substrate
whi ch i S BR1ER (ANAR makOVISIP S IraRASEIONHE fﬁ%&“t@ﬁﬁ ﬁgz)ﬁéfﬁfém‘tdr%%ﬁerred, i t

sensi ¢ 1 veHRRTER () Here ReSaRInb R edae RE R i BB Rt 1
exposure pel BAd: AGAY o0 freh OnWIScPiR $aREm 10 YED AL, EXRBALAS frst
step of applying a sensitive material on the substrate; a second step of setting an
illumination area on the mask in such a way as to illuminate substantially the first
positioning mark alone; a third step of illuminating the mask to expose the first

positioning mark onto the sensitive material on the non-shot area on the substrate; a



pattern (45) on a mask where a first positioning mark (RS1, RS2) is forned
onto a predeterm ned substrate where a second positioning nmark is i?rﬁ?%
conprises a first step of applying a sénsitive naterial on the 02
predeterm ned substrate; a second step of exposing the pattern and the
first positioning mark onto the sensitive material on the predeterm ned
substrat e i 0 i Jnd i distribution of the
sensiti VZ"“ﬁg} St’et‘lr:'r&ls gfjd%&giégr%“o‘?’%t“ﬁagl"?{elﬁ %ﬁpl\l/tg&sé?atﬁ% F‘%‘g 1th8 %étgldéifbgce of the
sensi ti ve.1Btshb d1aild fan-adatsarat [ : f

acquiri nge posi tFong}%re aa??lgn i r??or rfé;(t%ljtgﬁ S%ﬁgeﬁgggﬁ%l ‘?;\rﬂrlggggr%#e?etqwgﬁefdi rst

posi ti oniRshe MRTHthARED MR qRRERYHsRRTAL de®HoRATn Tkt latdht ﬁnéé‘est?‘ﬂ t%lﬁOf the

detection. According to the third exposure nethod, the anount” o e base
line of, ﬁ&s?t;po@ﬁ@ﬁﬂi nakndRhé %onagbﬂﬂfmiﬂ nfeeR bdedidra Rsdtbstheat € shoul d be
acquired beforehand, and 27 S E P 2002 alignnment of the pattern with a
pr edet er deteetdors wxstthatep dfpebformitpodgament cfthe pederawtitithie 3gbdthutsbakd ganent
sensor. Wth respect to that predeterm ned substrate, the undul ation

di st ri butheopositionaheelatmmsinforyatinny andi aadevbatb estbporf eappsiegltheqattemerhtd dse
pattern (e.g., the second positioni ng mark) and the |latent inage of a

porti on iswbstiste gfiaritls aligument ivearopletsdt he first positioning mark is detected
in, for exanple, a, predeterm ned shot area after exposure by relative
scanni ng wi t h A%8TJiR Hethe JgeseRbIn Ve, ABAKIN-GPX frpgk comREse Iyt i on bet ween

he b d.the.l i b d with hi
Lhe base pakter RSO0 L kSN LIRS Can b deteEl G i Al
anount ol er 0Bl dhe fHd OB IS0RR! 5P MULP RO Morll Bigfount of

position ion, and e magni fication ‘error ional error

or the |idotdind t§ &Q%Ees@ﬁtfﬁ;rlbérﬁﬁ)nﬁjﬁps? ndi g eQé‘mbflé,eax? bt leiﬁlrﬁér}ttsgl%opat tern

to be detected.” That "I s, I's possible to eval bate the actual overl aying
error of féhemaseael &f opthal aR@irh&@itRendot forsa AMstrataalecusea té léquiRitheonpri se a
fifth step of changing the predeterm ned substrate to another substrate

whi ch i s adicuheoftht bhscling ditthp eBgehestrsemed foube sulstrete i distands Tbmtthe second
positioning mark is formed; a sixth step of perform ng alignnment of the
anot her supsturaeantey afithe maslppatiesn to theglstectian cendenothen awraélgnm@nhﬁnéw
information acquired in the fourth step; and a seventh step of exposing the
pattern &ptBesH tléi‘FR)tSH’éFé turiet dacpositiqy o w%ﬁmwaeéww@wa&m% @&Sel n

t hi , Wth dtot bst r at i ncl udi . | I.ow the oth
bbse o5t it SOt e PSSR ST Ba e bR P g,
al'i gnment,  py G6) SLARRY i?&’ﬁ%&%twiﬂ?tﬁef}ﬁ %}%ﬁeﬂdﬁe. amount of the optical =~
al i gnment” “sensor and-al'so Torrec I'ng g magni fication error or the like if

possible. 1t inge;d&pith@ba® Wiktaé eXhtRlrel dT8hS RGO PatRPR WithGBEREt 1¥BIre 1bSof OF med
in a shot area on the predetermned substrate in which at |east the pattern

i S to be subarusdsds aeally brarted osin fhoShic windra thentlukisdiiodlcdndigiosxpcimddedint o t he
sensitive material in the shot area in the second step. It is desirable to
expose t like phimieatioroarea or slhmask ia spl inrsath & wagyfas sheubstantiady dhintinate the
predeterm ned substrate in the second steﬁ, and to select an arbitrary one
of the plfirptndsitipnite madk alane dkerabidexnosiagtihe fest pasitipring magle opto thee fir st
positioning mark in the selected shot area and,the secqnd sitioning mark
by per f orSRRAGvSE @Ia?ft”iailén thedinst spstipten Asriae BFSB@“?%‘%S“‘ u"TOISOE‘ sypipee ehe
third step. A fourth exposure nmethod accordi.ng.to th resent i ntion for
exposi ng 8 PR, TOPHES THCIAT (6 Er SHAETESY FTLE LeT BHPR S herl (TR | Re2)
S T orTeq 3Bt I U3 Gl G REGARELART oL BB ANIRESn) 56 bRy
conprises a TSP S ep of applying a sensrtive material on the substrate; a

second steR;:k; [ [ hi i : QodiRE mafNSh tHev €
mat eri al Pg)ﬁltft25 ledag)s(rggl}t(? g%eter?%é(f)lta %ﬁhdeggtt%gy 0 %é@’gt g(tggn?oealls a Iater?t i mge

portion Qibithee Eid BE mRASréd Aith rag;ingi_@cgibﬁ hed&edifirtaé enddmbnedibebatibn st ep
of detecting an undul ation distribution of the sensitive material after the

third stef thdeadacH BiorelRiveReardnoy With edpobe.eFrot fodambeftaf @otitienalndul ati on
of the sensitive material is detected using the predeterm ned probe, the

t 0- be- deteiidnaic@an(} Meillaiianion-omgktigointucm offset ofthé aligtmaosensoofiomg
mark) is partially heated. When a chemcal anplification type resist is
used as tthamaskhsi thewéfsataifehe hase loe anmoulk af heraligamenttsepsasdorcibd sobstiates
surface dependi ng on the exposure-induced | atent imge, so that the

t 0o- bedetected area of the sensitive material is heated in a spot using, for
exanple, laser light or the like to performa sort of post-exposure bake
(PEB), thus producing an undul ation on the exposed | atent image portion.
This makes it possible to detect the position of the latent inage using the
probe. The use of laser light or the |ike serving as a heating |ight beam

I T P B B Y o o D



It is desirable that an illum nation area on the mask should be so set as
to illumnate substantially the first positioning mark al one betwegn SErPeZUUZ
first step and the second step. It is desirable that when the second
positioning mark is formed in a shot area on the substrate in which at

| east the pattern is to be transferred, and the pattern and the first

posi tioni: I &Xﬁ 1e sensitjve terial in the shot
area in tlﬁgcﬁ%‘ghgﬂ?}g@gg?qﬁ i sgag@gie?%g?secw%fn e\t/\%’eo?‘)’?ﬁ%tgg%%%ﬁgoﬁggﬁt’i%ni ng
mark i s fiarmdnindndeciPbredlt e BP{REHiIAR

pattern ils ato e transterre ﬁn@ﬁ%b%&riﬁéﬁh&eﬁs&%ﬁh@e}S‘ﬂh&? lk%o%% ?llggtﬁfilg%r?ark
shoul d be, Ofde,ggg hialit) Sf PBEBbAINY GadTRE Bd Got hikal THe &??' e 217
SEP 2002 fﬁs&gcon S elpz.l Pt_ i%s qesli gabl eto fl?rt%gr cgnpﬁ%rég{;a P‘%}m{g_step of
acqui ri nglpghdticantdhdfivhat tikmgbdfdipARehCin e @rﬂie%it&ﬂtwithﬁ@ﬂi%h?ﬁeéiﬂsnfo rst
positioning mark and the second positioning mark based on a result of the
det ect i ongorcihg e dfsepohe Pasd Diddmeundlof gienBizghment densorsuPfersabarate t h t he
pattern based on the positional relation information; and a seventh step of
exposi ng dndduphért enrrecong,af pbwildelbd mapeifiadti@r ertdrethalrogtiorditerios o€ drepilef ed.
Alternatively, it is desirable to further conprise a fifth step of

acqui ri ngbebersianredriernriapdpatmn isdcorallytexppsedf Zes 4 reselhta higlhgeerddyinge first
positioning .mark a}r)ld, tae second positioning mark based on a result of the
det ect i orPTCHSIONAT POI@MER- of changi ng the substrate to another substrate

\AWQLE his di ;Lg{t?négsférégﬁthggﬁ Ze‘é?g# f%&‘fﬁ?% H%Stié@ bg%? %ﬁﬁ{%ﬁgl f Oa,aﬁt’éf.oni ng
bt 2t b Ao oB 61 o1 OSLALBEBL Akl L crmtion
the another sufgkh %@%&Bﬁ@ Posti{?@nigé] hﬁ%%rrﬁ?d gl x Aneglﬁij tag/e%é[nttgﬁ Gubstiatd S

desirable to expose the pattern to each o ura ot areas on
the substyRtR id fhtRasaGes0ared BeredRE pifers B BUe tAHAsRERE! it & JesBABle Yhatt hE
plurality of shot areas and detect the |latent inmage of the first
posi ti onithe fisdrpositioningem skl shotlddbespbsedronto thedehditvesmareridl pake hoehetg mar k
by performng relative scanning with the probe in the fourth step.
Accor di ncereain the thibbstep.descri bed exposure net hod, one exanple of the
predet erm ned probe iis the probe of an_ _atom c force mcroscope. O her
probes, such athe pesitionabeelpionsinfQraatpn és. Rrorample thesappmt oEpagitiogaddn al so be
used. Afirst. e sure, syst em accoy di to the, present .invention for
exposi ng v&é{opgﬁﬁw%eﬁtge#ég}g IWﬁ%"r%ﬁg’egﬂ?t Slﬁ‘@é‘ir‘t%ila?fgﬁﬁdﬁ]&er??cpggforned ont o
a substr %ityg}%gﬁemgﬂ(second positioning mark is forned on a non-shot area
as

other thah area on which the pattern is to be transferred and where

a sensitive m } i | i : s havi ng a
| i ght source f%%e?ﬁduén@ r?gtg}lgr% t de&gmggiﬁ%ﬁ? Hégfﬁﬁﬁqﬁﬁnﬁgﬁqﬁ)ﬁ%)%ﬁg an

i1l um nat peRrraf453 of @irh4sROVERE hifst positioaigatakgRBEERS e forn@alorour ce and
theé mask,” for sefting an illumination area on the mask in such a way as to
i I I um natpmuralityoPsubsBates Bn 28620 fswuilish anedcald|ppsitioeinfzimark ipfigmied ocunmgrisernr k

al one; a detecting unit for acquiring positional relation information of a
| at ent i nafjest ofep ohepplyingta prosiuré-sanisiityemaaterial onposke df Gatpdurehy afon- shot ar ea
on the substrate, and the second positioning mark by performng relative
scanni ng fu§staatssiarsgendosicn Abexonige ithe BrshReBtiomng Watkh onfogheBesE i ned probe;

ot o AT B on S Bl RRISES et SRR e T
Poe! bage detfeding an abibi0h TG R ion STHRE Blelird-FerisMiy bk 1 SRERER R Y '
d i I : : | e.
e U B RE AR & UrRGe BF o2 MR NenSROP e ialBE s QbR ©
det ecti ngyhR iatbpée&eta&ﬁﬁﬁédt PhEG fo‘ﬂﬁhfs%eﬁa%tf aBRRARY bsiliBhdI 26l a@dn MG R

invention to used. It is desirable to conprise a substrate transfer |ine
arranged @&&é&«&‘ﬁﬂa%é@f 1B PR PositdRMR drd Snd itk dddendipdseedringmdrl bases oa apassage
for transferring the substrate on which the first positioning mark is
exposed bysilhef gxpiesddtionaPHfth slep Sf perfoimeing aligarhem @ arktond| substgatpirefher abl e
to conprise a heating unit, disposed on the substrate transfer |ine between
t he expospilasaliapphsuistrateamdidhnie difédrenttfrony thenfitst sibstrathewth thg patterindmsed a

| atent image portion of the first positioning mark of the substrate.
Additionally, it is desirable that the exposure apparatus should have a
proj ection



system for projecting the pattern onto the substrate; and the detecting
unit should be located in the vicinity of the projection systemi ?7t§EEP 2002
exposure apparatus. In addition, it isereferable to further conprise a
heating unit, disposed in the exposure apparatus, for heating at |east a
| atent image portion of the first positioning mark of the substrate. Wen
t he secorg)d tﬁOSi t.i.onilng mark . s ft.or_med in on-shot .argﬁi on, the sugstrate
whi ch i s “BtRePOY R S8R nEvdmptipRers! & HEUeR of qposing dhepatiern ALOdhs ed, |t
|s desi r§Qéo%dtst]§§tratt§‘Eftﬁ&HQEHgﬁm@RRQE&%ﬁl%te%h0“' d expose the first
onto the sensiti

posi tioning mar ve natertal in the non-shot area in the

third step. AAch?&ingE@ﬁ%tsgédﬂdr@(gggﬁgin&?hdacf:ﬁﬂérdthggg%iﬂoﬁﬁqelg[igﬁent | nventi on

is manufactured by tFansferring exposi ng the tern onto the substrate

by the fiffdtm¥nrsthe lﬁyﬂtiﬁﬁgé’lf)filkq}r@{ﬁo%ﬁfﬁniﬂg‘mmtei{fiartge ﬁt?:ghﬁ%oﬁ'ﬁﬁﬁﬁgt

i nvention provides a high overlaying precision, reci sion

devi ce i snkbaithetrst dubstrails 20QAred, semetish m«aﬂﬁfgh@n&ﬁﬁtbemnﬁ%a%ﬁimgho the
present invention for exposing a pattern on a mask where a first

posi t i onialignmeiitkpredisibaismdinihed bpedduoingahplreqddncy vf oleasutbatfitaisqg At each
of which a second positioning mark is forned and a sensitive material is
appl i ed, poahedni eecting thepnsasuecdappat irube boe ik powuny wittethkiofset posi ti oni ng
mark onto_ the sensitive material on a first substrate in the plurality of
subst r at &8taingddt e roks. using, foo exareplecen erficahalignmenssensar thir stsubytaté.on” of

the sensitive materjal, provided by a |atent image of the first posjtioning
mar k and YiHeresRACh uths s8¢ r{dc?rﬁ’idr?g‘g?ﬁélf‘]ﬁl,“sﬁ StEGSs Bgﬁitﬁﬁﬂl‘%‘l“%ﬁl%c%r@éﬁ’ﬁﬂ g to a
surface % th% segtsiti e rr@.eritﬁl on the fi rs,[t1 substrate with a

pr edet er MBS FFELEME, Mg ad h?ﬁ”r hBT ST POBhAY ‘F81 ati on information of a

| at ent i mage Gf;.tfe:. fil it Qni: r Lt{oning mark
based on a regfjﬁt(ﬁg]}‘r&%l%Zﬁaégﬁzltl:lﬁr%l%ﬁ{;l&gﬁ é)ﬁ t@?ﬁ&%\ﬂr}%ﬁtﬁ ﬁﬁ%ngo &gﬁgegc{ri cally
connect ed,RidalesubslafAll e Wt posftRniMEhR dIb A b ETYRE HrstQteparditfOnd
substrate different fromthe first substrate wth the pattern based on the
posi ti ongkcondlstdp. on i nformation, wherein the pattern is exposed onto the
second substrate after the alignnent is conpleted. This second exposure
syst em of t he Whestrtsecondepdsitomingmarkss foimeedsie aarod-shopasave thefitsod of t he
present invention, Further, the throughput of the exposure apparatus does
not dr op substegite whighge ethed thanaddobaneh wagreadtg ipeterade tor ki thiapsfesradné ipr esent

i nvention is manufactured by transferri and exposing the patterp onto a
pluralit etfabls tha hectiss PRFHMENS BREnthosih %ﬁpese;i?%m thecrengifiae praéaiahin

i nventi on. Ag th o relset\gt i nvention can al so provide a high overlaying
preci si on® % rhflb(ﬁ- Berae& § &if°083°Re is obtained also. A third exposure
system accordi : r 1 i f NOS| on a mask
where a first 'gggfc{)? odr?l):glrl{g rﬁ%t?ﬁc’i ?%&¥(§?%§ﬁlgr?? %Segﬁggégg%ef?ﬂl eogﬁ{sglrjhbst rate on
whi ch a sageRd4ppen hinQRk Mehefds Kirdt pobiBonmE nddid (RS BSI)lis YoinfdBloRtd @l 1S
applied, conprises an exposure apparatus for exposing the first positioning
mar k ont @rédeeeragimsi ubygatanilerd akecdnd pbsitiphing @ik i foated Woaiprates fimd a
detecting unit for detecting an undulation distribution of the sensitive
mat er i al stgpraf\epgbingdy sensitateansterialagethe pradeerminedtsubsmite; iacacogl sver &f and t he
second positioning mark, by performng relative scanning to a surface of

t he sensiexpoungriiedaatigm sid the firpmesisioangi mard oprothe sersiféveapaigripl emthe 12 2 7 S
E P 2002 positiqgn relatio ,inforgﬁion,of alaltent J e of .the first
posi t i oniRgfHEPINSHbRIC s HBAIR RS dGtehtipR R vaARIaBR Aigriitign OE8hA t of t he

d ion. Thi i : f .th [ . . h
Second onpRELIETRBrRDY BRRCHLRE P rrvbace DAt TRg el (B SR G hout of
the EXPOHHFa %Pe%%{e%ﬂ?edq)?%e; 184 2458 &Ep 3%9{0quiring positional relation

information of a latent image of the first positioning mark and the second positioning

mark based on a result of the detection.
According to the third exposure method, the amount of the base line of, for

example, an optical alignment sensor for a substrate should be acquired beforehand, and



It is desirable to conprise an alignnment unit, electrically connected to
the detecting unit, for performng alignnent of another substrate which is
different fromthe predeternined substriate and on which the secon@i7 SEP 200
positioning mark is forned with the pattern based on the positional
relation information, and that the exposure apparatus shoul d expose the
nment i§ conpleted. It is

tt to th th trat f1l t.h i ]
Gosi 1 abl GUERHETGHARE PHE™E SUBHAPBOSFAT BEF ALPYTAIRAOTE CRBps5das FAmad SHbL ar ea on
th det i bstrate ip.which at | t, the, patt is to b
tranet or RSE PHA ERERA R o R hREe b D BpERBIER S Tioct 11 oni ng
dovi co adnriRE IR B RBL I G el i PP e balr s G | ng
and eXpO%é.gg_tﬁé“&cBﬁd hgsriﬁgrﬁﬂ%%atrﬂearﬁq &t SmbYe $£16 c§r'ﬂ|oﬁ‘f'n ﬂ?&go%ﬁgfnewﬁ%ﬁt em of
the present”inventi on. tAe present I nvention cahn also provide a high

over | ayi mgcHh&Cie RE poRitidnty RAKGE AbRBted §Y, 6 Ledatn DA BEdeRined sRRXt. a
fourth exposure systemaccording to the present Invention for exposing a

pattern QreaafflRekpdenbardativel sehniifg wWithAhé PhbEBIKthhtSthe amdRet SMYdRitfonal
substrate on whi cﬂ a second positioning mark is forned and a sensitive

mat eri al desiatipp betvken tlosrpase pagerarandxhpoRne iapgeadadtbesietcetedexplaibigh t he first
positioning mark onto the sensitive material on the substrate; a heating
unit for precasipmgThempadhe offset by thdidlugnibationatomditioarof tia bdse dise atrfoanf of the
positioning mark is exposed; and a detecting unit for detecti ng an
undul at i opligalalignment wRseris apeuiredhyi this\amayat ef pesitions} devigieen, lspd thee | at ent

i f the fir, i tioni k d . d i.tioni ) k, b
AR S NE A PR L A R T S
oSt U1 e LR OB R0l PRE T3R8 d e B L O

This f - . (O ti the f th
exposur el AR ahor AL AR BT 3 T S E e 2oo2 1t ie

preferabl e thatjsanable o BRtHRLOMpridNs fih stdpT cBEfANYAR hedigalindde
exposure apparatus and the detecting unit as a passage for transferring the
subst r at gubstrashicCanotiiee shibstite whivhtis diffenent frvmk tHepredapasinedyubbiligte apoaur e
apparatus to the detecting unit, a heating unit should be di sposed on the
subst r at evhichtiefsecond pesithating mark sdonxgh ssiah ajep af acrfernzing atipemdattadct i ng
unit. It is further preferable that the heating unit should include a

baki ng urthe aneshersakstrae it the pattern pasadeancthe gpsitipnal irelapppindpumationt hat when

t he exposure apparatus has a Broj ectjon s¥stemfo projecting the pattern
onto t he 2ABEET Wk tae foth Hiep:dad e erh sivpo SR g B O @PAIEY of the

projection, systemin the expaosure aratu t he. heat | i | d be

G sposed RS He Eufe PEBERIT L0 BuRRR RS pack AT R TP SR Reati ng
unit sho ! j ' ial i o the
ubst r at o e T R ahe RN Bt e B bR PO TLATP e (o
expose t heqhiaé h Bigh Aitnthe@pfecBiondbypddifedtihg YheWasé lifd ambe@sofaRe bfcasubst rat e
and the detecting unit should select an arbitrary one of the plurality of
shot ar eagigan@ntssneeit aridhudsd adreseting thegeagfifithienfertos br fhedikeiibpossiblerark in the
sel ected shot area and the second positioning mark by perform ng rel ative
scanni ng wit h It hedgsirable.that wienrthé sgnoad positioning thadk s ioemed oz shaigraamn he
present invention is manufactured by transferring and exposing the pattern
ont o t he thepsadeterminedsubsieatpinewbich af lpaetithe paitasn &ﬁodaééra@sgrrg% ¢diftayi ng

recision too, ,a high-precision device is al.so obtained. .
P positioning mar sh%uld be exposed onto the sensitive materlall n t?le shot area in the

second step.

It is desirable to expose the pattern onto each of a plurality of shot areas on the
predetermined substrate in the second step, and to select an arbitrary one of the plurality
of shot areas and detect the latent image of the first positioning mark in the selected shot

area and the second positioning mark by performing relative scanning with the probe in



A first exposure system manufacturing nmethod according to the present

i nvention for manufacturing an exposure system for exposing a pa%lqﬁpzaﬂ a
mask where a first positioning mark issg orned onto a substrate re a
second positioning mark is forned and where a sensitive material is
appl i ed, manufactures the exposure system by assenbling a |ight source for
iIIuninaHLQgﬁﬁfﬁé sk with illumnation light; an illum nation area setting
section, arranged between the |light source and the mask, for setting an
illum nation j ' ' tantially
the first pos?%?%ﬁ?gghﬁﬁ? a ggg?ag 8?8%@¥ﬁ€a§%€??%ﬁﬂ’3§9§§¥§§@%hg an
undul at i i ' [ j | ' f: i

D0 1| OniPanCie9R) Sl nRk sRICRYh REH Rk BB Rk (RIPES iy WA BT on ¢ ne
subst r at gub@fifle WhEreSLLROA] POSiHibhiAR NSk Fokmed XoRPHEQ ATROsES bﬁa%pwingc anni ng
to a surface of the sensitive material with a predeterm ned probe, and
acqui ri na sensitive anedrial ehahd aibsirde0s BRbhO Bteplof thigosimat o firdt paSitiofingt he first
positioning mark and the second positioning mark based on a result of the
det ect i omarkndtatheabngiveniatesial b dre, subtextd;ra thiat Istepadhastiigedt 1¢ast & heent
detecting section, for performng alignnment of the pattern with the

subst r at emagepertion of itkee gtﬁé positaring melrlaoh thre substoatepandenfouith sepmfedet er mi ned
positional relationship. Next, a second exposure, system manufacturing

met hod acdeticlnggn Ladulation distahmtion of e seasitive mapaaial pRethe it "ep-exposur e

system for exppsing a pattern on a nmask re ajirs psitioning.mark is
Fored ont o ectroBfng 1 Gt fefEenPd: o et Bingn Ensatidiong
posi tioni r-K r ensitiyv terial, | pRI

anut act drag RS dbRes L BEPieRe ARl bl Ty Pl PR B st o
exposi ng : I | FLonj 2 | Lyl tarl on a first
substrat elhl!taﬁe Phlgﬁ%l 03?%} ?%@Bgﬂggﬂggﬁag@‘g p BgﬁgZ?l gae?'ngﬁ%egg ?’%hﬁ#%r det ecting
an undul afiFicdtied fypRubdifns Qfed fahHaRaditil Y MalBRbE hdhdulBfi6l s pldduded at ent
i mge of the first "positioning mark and the second positioning mark, by
perform ng itsduafacy desshdiiy cgthe @xposid-{rRiaeedlatenh 8nsgensd thavehenatberi al on the
first substrate wth a predeterm ned probe, and acquiring positional

rel ati on detdfctadnatd ofithefsensitivd materiahmdeatefl in hepdtiusiig, froskamplei lagemhighit and
the second positioning mark based on a result of the detection;_ and an

al i gnnentordetiketp pesfase 3 sQrhpf post-erprsuteckake ¢PERD thusredycing aundulgfion or

o LT B BTERA B SEFRA S BB R A 7,
iti | lation.li tiagn, hef t.h i : th
AR L o S T T

rel ati onsu,py i rg‘é% %v%ﬁ%ﬁﬁ%ﬁj&%ﬁ%ﬁﬁhww ?éhtsfﬂfvﬁtg% 'Eﬂ%ts{céﬂéllti@&ﬁﬁfé?ia[‘g to the

present inventio ring an exposure systemfor exposing a
pattern QanaedBekhdvighende b fhetpaRtOsi thatdh bB@in¥allitet Seveipimat.ont 0 a
predet erm ned substrate on which a second positioning mark is fornmed and a
sensi tive mat eltiisdesirablepbat aad]luminatiba ataarensthe hmslk xipnddibe ss s tagmo by
assenbl i ng an exposure section for exposing the first positioning mark and
t he pat t dflnminate sutistangieHs ithe fiust pesitéoring merk alhee petwgen thedfirpledersysktheat e; and
a Z~ S EP 200z 15 detecting section for detecting an undul ation

di stri butSeeend PeRvi ded by a latent image of the first positioning mark and

t he second posjtionin rk, by performng relative scanning to a surface
of the sensi i e feiaPleaPeishaibt sreond PRFPHEE Nitthdy FERES ff § pnck afea on

pr edet er m, ne robe, an irin ositihonal relat] i nf.or i of a

| atent i %& é‘cﬁbﬁr e ‘H?ifgta?l%gé{it{‘er B%FE lsr%ﬁlbﬁqgﬁa{efrﬁg’ %‘gg%‘haat 5041 igcli g’%i ng mark
based on g [ | ] jotd :
ot ati onsiispBostitnific plaf€ SEAFBE ofbsch B B CAShEE BAGH BOBICHO e in
accordinghgge&ﬂﬁsgﬁpsent i nvention for manufacturing an exposure system for
exposing a pattern‘on a mask where a first positioning mark is formed onto
a substrate onjwhiiEdiradleSBEONRePME istdoRRipdsitidRink mak iOfoied ang siotaedasdr | ve
material is applied, manufactures the exposure system by assenbling an
exposur e $egubsrtd Brweithasisag the gattdri & topesidnsfericdgthopakernnhd thehl@rssensi ti ve
material on the substrate; a heating section for heating a portion of the
subst r at epydigsrEng@natlestisiuld beetposed oposhd sepsiting materkal irs thexshotsared insthd a
detecting section for detecting an undul ation distribution, provided by the
| atent image of the first positioning mark and the second positioning mark,
by performng relative scanning to a surface of the sensitive material with
a predeterm ned probe, and acquiring positional relation information of a

| atent image of the first positioning mark and the second positioning mark
based on a result of the detection, in a predeterm ned positional

o o, s e ~ Y M ~ " o 1 o~ o o, R 1



FIG 4 is a plan view showing the pattern structure of a reticle Rin FIG
1. 2 ~s EPzoo2 16 FIG 5 is a plan view show ng a shot |ayou47aEpaQ0?
wafer Wwhich is an exposure target ingflG 1. FIG 6A is an enlarged plan
vi ew showi ng mai n-scal e and sub-scal e i mages for measuring registration.
FIG 6B is a cross-sectional view along the line AAin FIG 6A FIG 6Cis
a di agram showi ng one exanple of a detection signal obtained by performng
rel ati ve Se¢ANIHSRy to the surface of aresist in FIG 6B with a probe. FIG
7 is a struct ral ram.i | | ustrating part of an exposure system
according to hséjc?é]r'i 9] h?éﬁ?ma\‘lsq"h@?tbﬁ@é}fﬁcﬂlﬁvéﬁppﬁﬁonﬂéﬁﬁgﬂwde for
Car ry| ng ntion Pre rre odi nents of the sent. i.nvention
will dl%)ﬁrp?th%ogaefbwt 78e%h qtpﬂg?‘f)ﬁ'elgfrf‘? Etangﬁ}beoﬁcﬁ%(ﬁi’o%ﬁ“o‘%‘ﬁ% present
|nvent|o I d ference t 1 to 6. FI
r;'né’M( bhse%eo £ ?e%Pft %?g'le\%ek tlog &{h sﬁep gté%etr 061%111@(%}%%1&}6élt 9

illustrates the sc ructure’ ot a proj ratus

which is sHﬁﬁlddté a’ltfltﬂlé ﬁfg?ﬁ)ggea% tht Bo M%%r Eélgtlor}rn 2t0R fsédegq{[ ! L Of

an ultraviol et pulse aser mfro excli rre asetr soufce

band is RapldRPoshs Hle%a‘f‘@ﬁi%rﬁﬂ%éqsﬂgtrét@%ftemhp.%ﬁ fimeft 1?@??})%(9*“ ng unl t

(MBU) 3|nclud|ngarmvable mrror, etc., and ersav e light
reduci ng unit Altethaively, O e SiRdbe € fagthad &ﬁnp”}ise/érﬁiﬂi(ﬁ@ﬁ@fﬁccﬁ@xnﬁg ol l'er 29,
whi ch controls the Iight exposure with respect to a resist on a wafer,

cont r ol s poki¢iohali relatibh dufoanati @t ef¥pliategt hagehsf thé Rest pbsitiogibg neark a8d e of t he
ArF excinmer |aser source 1, and adjusts the light reducing ratio of the
vari abl e SB¢<gIdtp0rSémlmmgaIkrbasetBon Ih@@)@f@h@d@e@mt acixtlestep of clangingthe
|nfornat|on such as a target anpunt of ght exposure, froma nain control

syst em 28UbfHTaEhtqrnothsr ﬁ’éb%“h‘ée Ubﬁéﬂ%ﬂlf@mﬂt rf’iﬂm e suhdraspanhen vhidithehe entire
b6 act uaRFoPTHRS HRaIe AT I doith b SRR LR %Em Taane alepont b ibtsed
28 nmy Pttt RE bt bR, o RE boctIA rolRH riGafhulSh ap v&edf%EB | ength

of 365 ”rqftl{){;teﬁ‘ a'i’fﬁraﬁlé'i%]gh@@giof %%pc%ﬁ{g th%( LAYR o‘?x Q {hﬁ%n})@%re% eaffé?ﬁﬁ: as the

exposure osure as passed t he
varlableahggﬂknfﬁggﬁbngaynlt 6 enters a fly- eye Iens 8 through a beam

shapi ng optical systemconprising | ens systens 7A and 7B. An aperture stop
plate 9 of an Hdrtheminatdesinatdy st @dpossthdipapiemasht®sadhhe a plghatityesfyhot agasur f ace
of the fly-eye lens 8 in a rotatable manner by a drive notor 10. Arranged
on the aperthesebstatspnghaserond atep, anddorselgttaan apidraryioee of thp pQHalﬁUrOfrsbohal
illum nation, an aperture stop 9b for annular band jl|um nation,

aperture %%e&néée?estr thedatent i lgalgp of thei first pasitianing maek inghe pglected éhotarem urality

of small ntric,o orth mai n .cont r ol em 28

Cur no-t he a8 tespEd BESHoRR By PRrtpREing o8 SanR e 011D oCehiiibe w ¢ h
the |IIU%QIM%§ condition, a predeterm ned aperture stop which defines the
il l'uminatrTon cohdition is set on the |ight energing surface of the flyeye
lens 8. The exposiificd i abblelibakibbdaxsobardaReinba Wheldhsmblysrake | ens 8 and

has passed the pred}glgerm ned aperture stop In the aperture stop plate 9
enters a fedRaithéd pdbe Islthk padbeFanaitdthigfoldeGhicrdst Ges rdthteproBe A RECH QW
refl ectance. The exposure light that is reflected by the beamsplitter 11
ent ers arthe ptobgrodaacamens probi Znistvscdpei (SPVHNPan Aswbobsed. phot oel ectric sensor
and whose detection signal is supplied to an exposure controller 29. Based
on the det ect i ddirstiegpasure sysiem laecardingdge sheopresash QIYIentl@l for lsxpesippe patgern
controller 29 indirectly nonitaor s the illum nance (pul se energy) of the
exposur e Q1 Ziesk wheretanfiiseppddenipg maneisfaraed ania ajsubstiaiy wherstaewcord ue

ed the beam

f Th I L.th h
Spl 1 11 er POB SR A PR arLh TS REh A1 qtpETdbLd Pttt RBAHani om 16
th h fl nd t 14. \When th
pr 0] €0t i iwrtészbﬁgaﬁo"?ra{a“iéﬁs% e e shanss AT TPl E Sposur o
t li k t
eigg sulr eee[xg)ogtﬁﬁgggé}gtgfs)?}awlnéésl g‘glg} éTPO\{' It?l!lrﬁ{ aluﬁé ﬂlesrha?s% Wik 1191&1%%%% ng

canni ng exposure 1S

ded nd
P o “Thelidhy b (i ‘5’P§re§"ﬁ§‘t‘qﬁ§&q oo, AripR pER AT ”Fl’ R T
the retiglggb !fdrrhgttﬁ‘ngqﬁaiﬂhﬁlnﬁajti%n b &aB5H @E GSask M bltna: WhY Iisotromlhllnllﬁh'ﬂé nation

di stribution’ an ITTPTum nation area conjugate wth, for exanple, the
rectangul ar opening of the field stop 15 on a circuit pattern area of a
reticle Rvia an inmage-formng |lens system 17, a reflection mrror 18 and a
mai n condenser |ens system is



19. 2 7 SEP 2D02 Under the exposure light IL, the inage of the circuit
pattern in the illum nation area of the reticle Ris transferred SBP 2007
exposure area of a resist layer on a wafer Wplaced on the inmage Torm %3
surface of a projection optical systemPL telecentric to both sides (or one
side to the wafer side) at a predeterm ned projection magnification (3 ( a

bei f 1/ he Iik h I
syt om PRUOTHEEl b fre pawgan%g%adfg ST QU GFP A ?ﬁtéﬁé‘stgé’tﬁhc?ﬂot
A
st Rl T SRR e 2
t t
Pr ok oot nOBbL 8k o IR Bl B B SeGRRRA TR i P AT RBhR ry e
used to rse&mﬁﬁg ﬁ)béarrpatct%tﬁeosegétﬂ%n@%f 2 S dahpr;gdrﬁléttél-ﬁﬂﬁ@d | profPlandh Lhe ArF

exci ner | aser sSource 1 is use er 60 is

provi ded alignsBh©hi, Teth%trﬁd&ﬁz\ébﬂh&lte& tb'th'é‘liét@éth%ﬂmﬁt‘ ﬂﬁtpe%trﬂﬁlgfdh%mnteﬂ@of' nsi de
of the pipé 5 to the varia l'i ght reducing unit to the I ens systens 7A

and 7B, ahepdtiorh Beth the stdtratd asedy n tieNsosfiional ﬂel’&%oﬁ&tﬁfﬁrrﬁ@tﬂﬁﬁnser | ens system
19 fromthe outside air. To avoid absorption of the exposure |ight by
oxygen, dry niAcoogding gathiofirdhekpasnregeystens tispst liael amotngt dftad abighmest sub
chanber 60 and the entire space (the space between a plurality of |ens

el enent s)senser forea srbstrate shewlddle mdasvied hefwfhandibyrusmgrancdigneest smseia A
description will now be given with the Z axis taken in parallel to the
optical &%ask aarngexampleprideacthr baseding WUI%)‘/SS%%WP'PE byysmgihazgsyliiod e i n
parallel to the sheet surface EFIG lin R?&‘?é’p gendlcular to the Z
axis, andelogHnguaY;husg ‘é‘ﬁ‘nﬁét‘ep R4 FERASHre 1EopHa SESeaUPVERIOIP Be G 1. At
this tln%, he reticle Ris chucked on a reticle stage 20, which is nounted
on a reti¢l€ base 21 in such a way as to be novable in the X direction, the

Y direction aﬁ@xé&%nﬁ&%% b&ﬂ?t}lsedé 51.%%{'rblgq anéfer BROWad ggd%ta%reeﬁ th@ novabl e

mrror 22a, which has two reflection sur aces appro per pendi cul ar
to the Xeapbsur@Bppdridas ¥n@¥iedetdcting iR ds arphgsag@&)rrtﬁhgﬁhﬁqg&hag@bsz&t@m a

| aser beam LRX parallel to the X axis, and braxial |aser beans LRY 1 and
LRY2 par athieh thedimhpos‘mmngmrlelslaxpashdaiyetﬂe expdshiesappanaaisite tid detesting2a by a
| aser interferoneter in a drive control unit 22 in FIG 1. This | aser

i nt er f er ot dt ismeelstabdsto copnprisgBheaingRuiig disposed erotregibsitate transderYine

coordi nate and the rotational angle of the reticle stage 20 (reticle R) in
real tineetwesa the F’&EOS@WHP@raUEﬁmd the detgpingpnt, forehegting i lepst adalspimageon of

t he retlcle sta via. an. unil |l ust d drive notor (a |linear notor,

voi ce coifl %&ES%OfttPé’stt’i%g)g IBaax§é§ %%S‘ﬁﬁg Aeasuring results and control
information fr | 1S, t

chucked on a sggn%F Qﬁ%lgfiws g&fn %tggtmgg% g%%ﬁﬁdde@ ]l%g@s}ilé%ldshgﬁ%%fr?a%we 24 is
secured QBt@ENARr $16] éétﬁm%ethgﬁatwi‘h%ﬁtorm}!@%&% dhdBReRRahE VnRkROd bhe XY

pl ane parallel to tJhe I'mage of the projection optical systemPL, and a

waf er st ggeatebincBRidigiepof the pseisiion dysleheindte axgbsteapytatisade aa&tlofr he
sanple table 24 controls the focus position (position in the Z direction)
of the wds pref&/kbhledotfmehdn|cbh¢>naaglheath’rganmt)ﬁlsposdd|m thehexpssure apparefuss foe waf er
Winto the image of the projection optical system PL by an auto-focus

syst em arlgatng at leasiallateyt ivyage porti th @rskyositiagjog 2srkef thersubsteateppi ng of
the wafer Win_ the X direction and the, Y direction. An alignment sensor 35

for a wafer naMeepthesecond p%ttl@l@g/maéms ﬁﬂn‘?qw’élg?éloﬁr%@éé@ﬁﬁg tbwtbéttﬁtes

| ocated o n ive dlrec i on side,of .the ctio ti system
PL proj ec‘{’]]i“ﬁg gﬁ? pn §)§§‘P erﬁﬁﬁ‘f padfern jg h‘?é{j‘&g{ VjégXt Hi é’(f?l?lﬁ si de
and the pﬁSltlve Y-di recti,on S|de of. t 4 are.both

mrror-fit F SHEGEntPPR ‘ds should expose thg ﬁr{ftrROSﬁm rg?tr %t ﬁ‘eﬁf“&ilmﬁe, a | aser
interfer OrH?tteﬁ qhéam?& Y& a?@a gtgé Stte 7 irradiates a | aser beam LWK onto
i

t he negatlve |rec onal esarrpletable 24 in parallel to the X

axis, irradiat ﬁsf' Qﬂ Héh nluﬂédaﬁ \h@é‘é@%o Z%tolatﬁg Bl-e\é\é@t 1%‘ﬁoﬁh§mﬁﬁ§fa&u¥&1

Y-dlrectlonal Si esarrpetabe arall to the Y axis.

this caseyy &Qﬁf&%ﬁh aﬁagﬂgdstrrgethefpa&étﬁ AR th‘é%hbs%?&'tesb}ﬂﬂletﬂ?@té xS QUre Bgﬁéﬂrm]LW( of

the X aX|s passes The detection center of the alignnent sensor 3 d the
optical axithe frestiit ihfintidhOlARGhE BresOtih etliot Yedvedaslhigh bﬁer@yﬁlﬁgﬁﬁ feBidion] ne of
the optical axis of one |l aser beam LWyl of the Y axis passes the optical
axis AX, and the extension line of the optical axis of the other |aser beam
LW2 of the Y axis passes the detection center of the alignnment sensor 35.
Accordingly, the X coordinate of the sanple table 24 is neasured by the

| aser beam LWK, and the Y coordinate of the sanple table 24 is neasured by
the Iaser beanthw 1 at the time of 2 7 SEP 2002 20 Ilght exposure and IS
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Returning to FIG 1, the neasured val ues of the two-di nensional position
and rotational angle of the sanple table 24 (wafer W that are m?a}sllngg[]U?y
the laser interferometer in the drive tontrol unit 27 are al so supplre o]
the main control system 28 and an alignnent controller 36. And, the drive
control unit 27 controls the positioning operation of the XY stage 25 via
the unill .dri.ve mptor .(linear notor or the |ike) based on the
measur ed a\l;lzé}%g}se%gsﬁg %%Vﬁ?erlglo Faﬁée rmati on fromthe main control system 28. It

i b d i . f th fer,. Wi g db
rotating the rarrandeRPefife SN Boofingin e iiEpb PVEDILIR sESHE  he ot i ve
control  uitmis A5a00Ghe%kARIspoditi ﬁiﬂgglta'rlmns fB{méq §itb e?&(}pggﬁﬁﬁlr l}tp%f
illumnation condition I's set as t%e I'n control system ro%a es the

aper t ur e sgbitdal i @ch ofSyiaeA8L ond\pesitibhiBg ARSK A folRe@hnd R Ve Y@ Next shot
area on the wafer Wto the exposure area %y the projection optical system

PL via t heatefialss agficdpcdhprédes @X RREOEUCe Hipatdies Rakkpssing MBIRstYPositimingt i cle R
onto one shot area on the wafer Wis conpl eted, then exposing the pattern

i mge of nidrk ontc?the 2enkitBreEmBteZi@Déh & Eirstcliestiatd i the pradlég of subdnates; &p and
repeat system At this tine, the exposure controller 29 controls the anount
of |i ght descpbsgineit Wit detectingaotuntvlatan Hissrinttioarof sheosensitiee weeterial VWrovidet he
case where the projection exposure apparatus of this enbodinent is of a
scanni ng b¥adatent Bnagend the fest ppatieniap matk and the segendepgsitidnengumpels, by i s
scanned ingi he, negat.ive X direction (or . positive X di recthi c%_n) at a speed a
Vi ( (3 FEHOTREEIRGIYE sja0RinedA amugiars plthe sepsitieRateaahut thedBSt wasEatpos ur e

b h ' ' i cal PL . Vi . XY, 25 .1 h i
i tn e o FEREERHB IR PR Rne B el 1981 o B8R Bt el SHegat  ve x
i th ¢l BEFg"S VER A f
exposur o Tegne PR TRy ot maReRRhe Kb Ba LAl A Sl Rl 87,

shot ar eqhOfeitQfonah®hn Wikim&R unttee@ttally SornScB§ $SERAeYectifg @hitdfdr t he
pattern of the reficle RWth each shot area on the wafer V\%beforehand. For

this purpesformingRaighmeht off Déecor@BIYstratedifeenshanae figdt isehstratewith t&/A and
37B (see FIG 2) are so forned as to sandwi ch the pattern area of the
reticl e Raiterntbasedroulibrequisitomal miedionetfochetiad, ivgrenanthenpatteas saxessed onto
(hereinafter called "RA mcroscopes”) 3 8A and 3 8B of an inmage processing
type ar e thesgserd pubstratesafies taerlicniene istaeapleted.c Thissagqnd exppswpdystaB.ofThe RA
m croscopes 38A and 38B each t5]xave a downward il Igﬁi nation system for

i rradi at i'RHPICPFUARYRRFPB SR PEhibe GPCAHEXBAHES Mathoddt hhPressiy 8 48tPhat of the
exposure dight | L.and,a twy;di nensional image picku ice, such as CCD,
whose 1 mideeh ROl Pul e TR ERs PoT B bR ot € i th & he
pattern surfac G : i i l: .om:t hose i mage

pi ckup devi ces&g?geongg)g% e?éelgﬁ%% ﬁ’éée[aﬁilggrﬁim _ tqg%ﬁﬂterg%}ﬁl]@&ggmérhe al i gnnent
control | %ar@@ad@ﬁx‘éﬁ%?&%sfeh@ng ﬁﬁg@cp@bi‘ﬁFlﬂlﬁk Pit@nabstolaplRliBELS subSiratexByIP! €,

t he ambunts of positional deviation of the images of the two marks 1n the X
di r ect i onhasgtohthexposiite 8cten0of tha gresenidiavémivnd e sahit ipessentdavddtidontocan tahe mai n
control system28. As shown in FIG 2, a reference nenber 32 is secured
ont o t he mavigeé e higthdeerRgingpredision) hightpyecision Heviemisebtdinedialso.23, and two
frame-1i ke two-di nensional reference nmarks 34A and 34B and a |

t wo- di mensi onah thigd exposee sydlieRr FFIoUHRE e the PEcSERIABYSHACP OF BPO8INBiRne and
space pattern in the X diregction.and a |ine and ace pattern ip the Y

di rect i oPaHFE qrb?ﬁ’é’aké}’ﬁe{%ﬁﬁé%sﬂ%@ég %grf%ggef%lfg rg‘ﬁeé?fBB“ tween the
reference 22 2 7,.S.E P 2002 rks 34A and 34B is set.equal to.the

Gos: gned wPeFdn g bulktie sorn aofhbr Be du FibpBeTaide RIS e R ks 274 and
37B on the er.stage. sj i .he . [ t he

Fef er encaPRAPk oAk EGHT S sv R Splfa oS pARE e 1} RS B GBERRK oo %,

desi gned tﬁ%]gérggﬂ%crﬁ%@@% dul A€ géﬁg%ﬁlneﬁlsﬁbaﬁatté’i’%‘ﬁﬂ atééf*ecgﬁg}lﬁﬁ f&f adriginpat tern

i mage of t and t etection center of th I gnnment sensor 35.

The al i gnpEHIuERRA HistdButitiso fhe MIWR/ednatkliaThid%{ded by lateaMmandi dffihe
illumnates a to-be-detected mark with illumnation'light which is of a

rel ati velfyrsPp@aghiag thadldshd e s6ndi gos¥®ning hiik, bepésérnting tdigtiwadcefinig an

i ndex mark located on the surface where the inmage of the to-be-detected is
to be forigedurfadeofithewendilivemsaictabivith apyadepirmkngd mebé, @ad wbquitingi cks up t he
i mages of the to-be-detected mark and the index mark. The inmage pickup
signal of this inmage pickup device is also supplied to the alignnment
controller 36. The alignnent controller 36 processes the inage pickup
signal to detect the anmounts of positional deviation of the imge of the
to-be-detected mark in the X direction and the Y direction with respect to
the center (detection center) of the index mark and sends the detection
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controlled in such a way that the repul sive force between the distal end of
the probe 40 and the surface of the resist on the wafer Wbecones Zogﬁiﬁﬁl,
the wafer Wis noved in 23 2 7 S E P2Q2 the X direction and t% 4
direction via the XY stage 25. Accordingly, the probe 40 displaces in the Z
direction in responsive to even a very small recess or protrusion on the
surface of the resist.o he er W, Therefore, as .the alignnent

t . . .
cont r ol | 8PSiEgN aelatian ”%fggn@é‘t 13 larentingagg) of thifishpesigoning mark pre e onal
di spl acenent .of the. probe 40 [n association wth e X coordinate and Y
coor di nattBf WH%IOEH%JP%&@B?‘JEO‘%? esPﬁé’?L'Jl?‘Fo‘&t%ﬁ“iOBn @F%@Pﬁ%i’?%‘ﬁe Distehe
surface qf ISt _on Furt her, the

fﬂ;the re t he éer Wgan be nmeasure
al i gnment’ Cgrﬁrg%epfg}veg%orb?%lés\é@ % SERE GWF%W%?}OQP i BB ERER bR VBRI o

| e, ’ i I i , t detect th
ooai L1 ond Uer? He R BHBle AP ER AL ABbRENS I8 Qi SEARTT. Lo feLect e
predet er mi ned [PRIdesirdbld REcARSitan AeHehESnil, I&fecﬂ‘f@ﬂgtcﬁﬁgcg{eggﬁitﬁé onal

devi ati on between those marks in the X direction an Irection and
suppl i es dEfé@tﬂl%]Qnit,hBr PRIANEARE bl Mm &t SF aRdRE: subfeatEWhecliglasifd et fithekd | on
principle or the like of an atomc force mcroscope is disclosed in, for
exanpl e, piaietnmbedRabsrite Andbh eaiichothe sédond tpokltibhingaharkis femeltevithSthd5814.
The projection exposure apparatus of this enbodinment is equipped with a

| aser i | lpatemadhsahosistpemntanalarehdiat iinfgrmytiing amd drat ferdxipadury apeastung t he
resist on the wafer Wafter exposure and before devel opnent. The heating
may be céheuldexpesedhe patésn ontsf thPEmtherowibsimtp efer the Bhgnment s mpletad ust r at es
the laser illuymnatjaqon system |In Fl 3,.at the tine of heating a portion
on the vafer W isdiesiabls ha avhe ghe serppd: ROSIUONiRS Mais LpTRechin| b} anep 9t

4 d I h r. I, nf d ' hi nmbodi f

2 ow somtg Regr g Ped G AR T ete B B Elh ST PRl egid BEam on the
. . | St e
el omont et Te Tl M PRV R ITIE mik R ANITL FRIAEL D (G

of the phrehRChbPRXegPti cal system PL. The size of the spot beamis set |arge
enough to cover the exposed mark image to be detected, e.g., the imge of a
mark for regi A gdtd praderenninee devite adddeding tiha ipr&BntheeRIdn i¢ hantfadiured
intensity nodul ation element that is a conbination of a Pockets cell, a

pol ari zerby teandfeanin@aral gpesingshopateex antoltbe sublsgatesyi the dtirdexpobure ngstedh t he

| aser |ight source 41 and the operation of the nodul ation elenent 42 are
cont r ol | & theypresrat Hientiewns dhe rrpsané mveation epn asasprexiie a higle owgriayitk es

bet ween t he.detect.ion center, of the ali r]rrent sensor 2 7 SEP 2002 24 3 5
and t he POREOBSHERBReCHHOR Aevipels tad’é%ﬁf? B 1 set by the condenser |ens 44

i he X di i I i i.ned bef d

stored in a mavglye DaEpaRon® phEsh ek T BRI RLANS et 5B ng

to-be- he@faﬁgmacfne%gﬂc LRGeS Ré/é/iﬁ&iﬁgﬁlan@gq?nﬂ&%hb QR B&Eatd¥n m&hﬁaondenser
25, t contro 28

| ens 44 via the st age e naln system executes the

osci | | at isegbraf posARnimAsEhrkl is §6m a0 G eAAditif¢ maARsHAl Atdpphe®lcotpeisePgul ation
elenent 42 toirradiate the |laser beam LB 1 on that area for a

predet er rxpedhré apparatid foriexpesh@thedirsofositivmilganerk dirathel Bisifiod tiatdriay oheat s
up the resist on the wafer Wto several tens of C, for exanple, about 80C
to 90C. Toe swhdtrate; & heatingf uniefoc beaingreprtige nthatsiotratd where at teastrthe ifigéit
source 41, the laser light source 41 may be provi ded outsjde the chanber
wher e t heogitiohwetmak ie gxresad.candirdatentiog uait fehddedingsaiwmdnlatips pl aced so
that the ] aser beamfromthe |laser |ight source 41 is %{I“hd d to a side of
the proj cistrbptionyef the pensitivednaterialy provigeddyyithe fatentiipage g the HiLsty j ke, A
detail ed description wil] now be gi.ven of one ex le of the align t
oper at i oPOSHOPHE Ia?réﬁaélétt*‘%ﬁeceszgagﬁmma%B&f‘é&}&ﬁé‘%ﬂm%e@ﬂ%mw JVTEFr st, a
mark for re

. ! ¢ rel af 71 anal hoealiie
s 1 or ned: WACTRENRE Piobe RA FAPbingres hote Bazed bR A R RE O T
¢ . . ; . . ition t
the i roat IRt BPaouhE K aPE Betpeihd AR Amb iatR allal At L0 1
| nf or mat I&%ﬁgpn%ﬁﬁgﬁﬂﬁh gg(%‘d}e ptg}ﬁ"@f R hese W iathtiol@ah BYOME fo@e di nat es of

the indivi as en s I ed as exposure data to the nmain control
system 28§, E%}ﬁ: nfbiha ﬁtﬁégfbsgﬁtqyx"be?ﬁ'i@w ng the reticle Rin FIG 1, and a
predeterrrir?e master pattern 1s formed on a pattern area 45 of the reticle
Rin FIG 4. Afranme-like light shielding band 46 is so forned as to

encl ose the pattern area 45, a pair of reticle marks 37A and 37B are forned
in such a way as to sandwi ch the light shielding band 46 in the Y direction
and a pair of sub-scales RS 1 and RS2 for registration nmeasurenent, each of
which is conprised of a rectangul ar opening pattern, axe fornmed in the

) o o - Y b1 A~ o,



wafer Wis segnented into shot areas SAl, SA2, ..., SAN (N being an integer
equal to or greater than 3, for exanple) in the X direction anz Wﬁ
direction, and circuit patterns and twp3di mensi onal wafer nark 7 12 W
W, which are conprised of four protrusions (or recesses) of, for exanple,
a cross shape, are fornmed in each of the shot areas SA 1-SANin FIG 5. A

i f - di i | i | RVB h i sed of
Fect angul ar rdLBIECEOIe TBt MAZR BToFEIe FUBISd T GHErL S E iR CRPRISI so
f d i f .t t 3 SAl - SA h i f first
e el S NP Ao A A kB oo

i | - - | | -di rensional _main scal es RVE
i S5 P, T 0 R AT, 1 o
regi str atjooh NEAS HREHE d&P@sefdenWﬁg sx?&trla&_ecré’x\@fe?rlingvb.@'{wdﬁtenrtﬁceeig%%@xtei ons in

the vicinity of the shot areas. Aresist is so applied as to cover those
shot ar eappahdrs AN @t A Bk It [sHurth&Preferadlé At RARUARIBA sholldd | P! ement
alignnent 1n this enbodinment, first, the reticle alignment and nmeasuring

t he base ihdlode abzking unit fomigakangd GoemitivenaeriaBS> for the wafer mark are
carried out. To acconplish this, as shown in FIG 2, the XY stage 25 is
driven to novdt isipefeedbde that hemthesexpdAiranppB4tBs hbs 4 peojetioarsgsiem fioenber 32
on the sanple table 24 to positions approxinately ‘cgnf' ugate with the
reticle raeiketirgrthe pated @0 hedwbstrdie anEthatd@$eC§n@©911‘| iselokcatgin the vignity

irradi ated by the downward illum nation system of the RA m croscope 38A to
pi ck up tohdheRiaracHPy Sy sergdn ther e&pﬁéurr:@pﬁaré%éethﬁhwlrgmﬂaw@u{%@ dispqsefe nark

37A, .h h i ] [ h ) iti |
G at ' orin thecsiagsite 8Pty OB plsDpsctemble et fE et LB R Aoct | on
dth i i ML BN j f th f k 34A. |
ddi t1 on, *Fh 83k AR b REAREEL nde WS, AR fes o, “ORVD) of the
reticle mark 37B ysirhble S8R9 e sﬁt@%&ﬁ@rﬁﬁ@%ﬂ&ﬂd'E@raglescﬂ%xt)éseqﬁ& g&&é?g via the

RA m croscope 38B and those anounts positional deviatton are supplied to
the mai n gnenédclofayit@my28 dhat Mlebs ord the KuBstiaé Bnd MRtdectify hieBhaifld moves the
reticle stage 20 in such a manner that the anmounts of positional deviation
ORX1 and sele¥flar arbitiaey ¥nelof getplomlityeafshet feasard ddnwet dralatehsinodgepdshd | onal
deviation in the Y direction are distributed ( ORY 1 = O RY2). 2627
SEP 2002 firki possiomingmerk intbe seleéted shailaiegramdribe seThed pesitomingimark bg anount s

of positional deviation in the Y direction are not set to O is that a

magni i caeriopmingelative serpningeWih thekieB® easily. It is however desirable to
set the ampunts .of positional ,deviation,in the Y direction to O by, for
exanpl e, cont r‘% If?‘?rﬂgprteﬂ%teﬁf‘ﬁ’]eggﬂ‘% acRLding it%ﬂ’teipd?ﬁem IVERHGSR§j ect i on opti cal
system P j ] : i i ! the reticle
aIignnenbnﬁgﬁ%ﬁé%g%yﬁﬂﬁ?ﬁ§éﬁé%§%§?¥gpgggaﬁﬁgﬁﬁgﬁ?Q@%%%gb‘§5w%g?80ts t he
anmount s QfreRABINVERMH prdoitdedhindgh dvtriahfgprelifiss tdHA h%}fi feBRioh dvi®Ghi on from
the detection center of the r eference mark 3 3 in GP 2. The amounts of
posi ti onallsgdsbtaiatd.on are al so supplied to the main control system 28, which
corrects the known di stance BL1 between the center of the reference mark
34A, 34B and tAdirgtenxipesurekydtére mafuaceming methkd 38conding t¢ He eaennt s of

posi tional deviation, thereby obtaining the base |ine amobunt BL (vector
anount ) dhvariiendbr panvidctusiog 9o exposUIasHstem S exposing b asicrniona magkuwhereNext
considering the wafer Won the wafer holder 23 as the top.wafer in, for
exanpl e, et pesitigingaask & fopmpdiAnte i Sugptrala MeERIeCcqP@ ROBHORIAR MAE &Y Wi s

o o et bR SLTE PN oS A SSOHT i hab g ey
| ected f f .waf ks, VWM 1.1t q, WWH of . h the.

SAL SN ity PR PP haing o hesk i s BRehbal “Gevt ati on

f t he . ' . . '

al  gnmont SR RgrE AL cBlod AR AP AR SEs BRLER IHB APC 01 1o

waf er mré@ﬁi%&%&ﬂdiﬁﬁioﬁtargi {)]rf BleGhiskRASLAH PRSy bHPIMRNIRAS s@sBahtiall PendTai N

control system 28 acquires the layout coordinates of the n wafer marks by

addi ng t hgrGE008Hh P fagk Aldde;Ya &QtRIgNBEEorOfor HBR A enduddlon ddribitistle tine
of detecting the poSitions of the associated wafer marks to those anbunts

of posi tigedidedyiadhiedimdBRoFthfirst pesiteriti@hlayk, erpsssd @d thayenshaaesadi nat es
and the correspondi ng designed | ayout coordinates, the main control system
28 conmputes the X-directional and Y-directional scalings of the wafer W
(wafer scalings), the rotation of the shot |ayout of the wafer W (wafer
rotation), the degree of orthogonality of the shot |ayout (wafer orthogonal
degree), the X-directional and Y-directional offsets of the wafer W the
27 S EP 2002 27 magnification error of each shot area of the wafer W
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28 2 7 S E P 2002 lens 44 of the laser illumnation systemin FIG 3 to
irradiate the | aser beam spot on the resist layer' at the focus posid7 §Bp 2002
If the resist in this enbodinment is notda chemcally anplification type
resist, partial heating should not necessarily be carried Alt before
detecting the latent inmage. Next, the anmpbunts of positional deviation

b i .to. h f d the i
e e M ML R, o
force m SPakeeT e SERIAE AR RCGn TLRAREIA RS S fodtTilipodfiuf O ©
devi at | OQelQﬁB?{"ﬁﬁﬂrrﬁﬁﬁ)nr@tH%ﬁ?@h?rg%gf t?ﬁ%rét%%ﬁiggﬂnlglg n?afrktapg tl‘%ﬁ%&é&?l e RS 1,

for exanple, the area on the wa ere-t n sca Is fornmed

(the desipggigidng8Adrk HaSedBlY 8 esuR of e RASHRM BRT dd AlpnRent HRtiBRODE 40 of the
atonmic force mcroscope 39 in FIG 1, the atomc force mcroscope 39 is

act i vat e@lecaiwhllyhensesi@d ® thaldbectzdl setioMVotipérforbdigy Mighnies bf g pandrt he Y
direction in a stroke wi der by some degree than the width of the main scale
RM 1 vi a wittethX¥ubdteneb&sd oankle podiitdret télaivrsinforalatiby ia arpredspandhey to the
Zdirectional position of the probe 40 is fetched together with the

coor di natpesitiohaltrekationshipe table 24 to the alignment controller 36. FIG B6A
is an enlarged plan view showi ng the mai n-scale RML and the image RS 1 W of
t he sub-scal e L, a s8SQNERPOSPR Systemn wapfactyspg methad agceiding orfle presenti ne AA
in FIG 6A As %hown in FI.G 6B, a resist 47 is applied onto th fer W
and onl y "3Ve0{18p 172t tHE RS ARCRRPSUE DRETHENT FXReSI&2 PRCTR SR € a

recess i .on th rface, of, th sist .47 as.indicated.by.the solid
[ Fhe bet SrShERiGing B HTORGHL Pito b SETLItg Y of SRS B0 Soredt bR a7
causes a - Al f | : By k 2 to
become a’%s&é@&ib@fﬂ%ﬁ?g@% e% fggﬁﬁ%ﬂzﬁ?%él% F}Qﬁ]agé,”%ﬁap}%g?’zg% %&?rse%f or nmed
in such ahéﬂ@,ypo@fﬁrets@s@ﬁ%%%gﬁlhnﬁ%aﬁeﬁp%ﬁ,ure&%cﬁ&pfo?ekﬁm @k irfie resist 47
after this partial "heating is subjected to relative scanning in, for
exanpl e, pobigioXingi rhekt dndd thl sehisitihematepiabor @ fidét subgradd the phu4le® ofi cr oscope
39 in FIG 1, the atomc force mcroscope 39 provides the detection signal
DS cor r espbsititesg atdetecting Yectionfoli dea¢aingfantumdulatiop distritaitios o2 heasensitioan i n
FIG 6C. The detection signal DS shows tilt _F_or.ti ons DS 1 and DS2

cor r esporeategal providedduin lbtant snageraf thafirst pesitienipgmagk apdhesgednsce of t he
resist 47 and . 2 7 SEP 2%02 29 tilt gcort.i ons DS% a% DS4 corres o%i ng to
the cont G9FitigpingRankyfy perierning relafiveeapuinge 4 sifaceipt the sepsitive ppatenal | esi st
47. Ther ef h | t roll er t . . di.n Y 1 A of
the cont o BF TptiaTpitid O BER SRk EhgBR S8 P Fnl ady BORIHAG vt "o

i.e., th ' - BVL i ' ofind h
.e., t ‘?nﬁﬁ@ta??rll ?f a 14360t 7RG e gﬁgﬁé%{tﬁﬁﬂlg%éék%ﬂrtﬁé QRabkd ?Jsﬁl]ée}flfa e

center of t portions D €., the center o ge of
the sub- sgak®akRl én a 2ditFAW dR&ctionCai@ialigndienPQtibh Qdledtrie@Mi @nhedted D WY,
bet ween those Y coordinates. Further, performng relative scanning with the
probe 40 tb thd dherecfing seertdr, dor pydrfrahéng dlgpnarenuof a edfcopd sulistrardh thkepluedlitpn i n
the X direction, D W 1, of the center of the inmage of the sub-scale RS 1
wi t h r espdetibstmtesh wvhianis diffeyenttfhem e firss sulistra@Wvith thepatiesebaselondhount s of
posi tional deviation of the inmage of the sub-scale RS 1 (or RS2) in the X
di r ect i orPostignglielayiogipfosmption. hefqse thespxpesure seqtior eBPTss hepabisTIRRRBE ( O

WK2, D Wv2), WK3,. 0 W3), (. D WK4, O W4), (. O WS, O WS d O WK6,
D W6) arség?ﬂﬂ(ﬁ‘\??té%fea‘ﬁ‘c? Rrﬁgéé“é‘f’?(d P‘P‘Fé“%gf‘%o”éé“pposi tional d)evﬁgti f)n ( D
WK2, D Wr2) t O, WK6, D W6 lied . to th i I t 28.
The main czjnt ?%ﬁhg?/ﬁ%%u%yﬁ?h%%ﬁ%ﬁégﬁn%m%a Clc%ﬁﬁml t%ttﬁ%geersgrﬁesgrsmﬁnmts of

i Lati . . ' ), . ¢
et e e e e W
| nt ra- Shof 8¢ abdoniRYRGEH: itnad bESIHRiBketiinar Slbdhrate Shallion. SRORA.  The

e e biaxial residual

di f ference ween t wafer rotations WRX1 and WRY1 is

equi val e osftR)n’iﬂrF}gm‘éﬁJi%rfoﬁﬁédhé?ﬂ%hsiﬂ%h&?eria]_ li8d, Sn&fufsttsrel B Udi ng an
error the alignment sensor 35 for a wafer mark has ‘and an error in the base

l'i ne anduidposlasiistest HSassétabihg dh dxposuré sedtfontfoeepkingrthe firs@esitibninpe
reticle Ris exposed on each shot area on the wafer Win this state

di sr egar dnmg dndehé pattan oatoothe sérsbitveanaterisl, orathe pyeeieteayined sebstrate;andlad occur .
To prevent this, the pattern inage of the reticle Ris exposed in order on
t he individual shot areas SAl1-SAN on the wafer Win FIG 5 while perform ng
correction or the like of the position of the wafer Win such a way as to
elimnate the individual residual errors. Specifically, at the tine of
aligning the wafer W the residual offsets (OX 1, OY 1 ), residual wafer
scalings (WSX 1, WS Y 1) and residual wafer r otations 3027 SEP

PN



(WRX 1, WRY 1 ) are corrected by correcting the |ayout coordi nates based on
t he coordi nates obtai ned by correcting the | ayout coordi nates of Q'YE%EP 20
i ndi vi dual shot areas on the wafer W ﬁé)nput ed in the above-descri be vvapzer
alignment, with the base |ine ambunt of "the alignment sensor 35. The
residual intra-shot rotation SROT 1 is corrected by rotating at |east one
of the reticle stage 20 or the sanple table 24 on the wafer stage side.
When expdsiectngsectioe fpaddtecting amagelubition késtribation, praRidedtly 4 Iatene ihageeos hot
areas SAl-SAN on the wafer Win FIG 5 is conpleted, the inmages of sub
scal es ( fleg fisshpositioning mesk pad ther secendepositiorgigyinady, by petfhenmgbreltiat es RS 1
and RS2 of the reticle Rin FIG, 4 have been exposed, approxi mately
over | yi ngeamengpote a ufase wéthe ssasitive metarial op dhecpredorprmained RNBtRisrwitlegi st rat i on
nmeasurenment . i n each oL the shot, areas SA 1-SAN, To eval uate the over] aying
error of PIHEteIRtRed probeggacauipaePartopsdgiation Ifaamatian ofjadaint Mg dei ng an
d desi.rabl n intege to or

i nt | to. . t 1 |

orcater TPairsspouon e o anp drsirort eervorins Bk et ShadearEaBeat "sa on
th f . §upsl - - inth hot t ak
st ar ot FAPE b du PRk eRaL B PIRiGNRL G Larer Wis changed fo & next
wafer to be e%‘?&%ﬂ? ftc;.)‘grt{ig}égostu%@yste?rpﬁxaﬂ?fa%@?ingg{ééghéfﬁcgfdi% @Ed RVB i n

the mshot areas ma n as “a targe urenen ange the

latent i RELHt Bledth HYMAeAAFident dPosid _'é%rs}éri#f@r Slpoking afkifon & | aser

beam whose wavel ength range has a low sensitivity 1S sequentially

i rradiat eﬁlasiknvlaerwairstgmsitMiragr@aﬁc ils forbk¥d oS BeibsaaRAch Whith@ debendrai N scal es
RVA and RVMB are forned, by using the laser illumnation systemin FIG 3.
Thi s rai yesitichmgtmaldas fbrared anfl & Reesifioe racarialds apiplied, mamdabtateethen t h t he

| aser beamto and above several tens of degrees, so that the inmage (latent
i mage) expbende systern by masemtding ansexpavre sertRNEOBPIResNg thesfirsh posiHeningt i on of
the surface _of the resist. Thereafter, the undul ation djstribution_of the
resi st proVfk@sl by sepditivamatesiahpa Sherdstaaier RMBURRdCH I8 oy bealing e ardeient

e at ot FOMESTHECTHEE Bpestd BRUPPHECHRBHFR SoPopues EHORAFCORRA ot 1 on
bet t.ne. . i . .
corr sspordiiy SrncellndB ladidSPaiufigy SRS BRSSO

error s (pogti)énilnfg Wark zhd)the éec@n&ééosi@or;{i% mark; by Perfriifdelative sChnfliddtola)) . (

O X2m D'Y2m of the pattern i.nage o he retiicle Ri1n the X direction and
the Y di rsaefab@sf @b skiddtivemateriagith Qi paédetérihdteprobs, ot 204 @fsg pbsitiaslui r ed
fromthe neasuring results. Using those anobunts of positional deviation,

t he mai n relanibn dfosystienof28lagmt froagesofithe fisd pesiEGiing ompkiaad therseasnchas been

di scussed above to acquire residual offsets (OX2, OY2), residual wafer

scal i ngs RovEieRingnsyk) basedan guesultefitee deteetinn, vha predeirpminggpoyitiogalr esi dual
intra-shot scaling SMAGR and a residual intra-shot rotation SROT2. Note
that wherdclHeniber of the m shot areas to be nmeasured is 1 or 2, not all
of those residual errors are obtained. Even when the nunber of the shot
areas is equal to or greater than 3, the residual errors in the shot cannot

be acqui r]glqe@%ésllaggtsi{)r( ?fﬁ‘% ﬂg%}ﬁ s of nmeasuring points in the shot is set to

1. However, eres of fsets (OX2, OY2) are neasured under any
condi tion. Vﬁfﬂf@.q&ga%ﬁglem&ﬁ éxp@g’r&ﬁﬁn@s@raghg%r 1 B or BROL8 ABPArardnd the next

wafer to be exposed is aced on the wafer holder 23. Then, wafer alignment
i s carri egcoMding/i frst BRAbAdINENIENMhe PRELeAl indéntiod. t he same nmanner as was done
for the first wafer, and paranmeters, such as the wafer scaling, wafer
rotation, wafelFIGr 2 ogpaapediogvisy slafviagtheagout rif natagbaystemt at alignmeft t he

t 0o- be- exposed wafer in the stage coordinate systemthat is determ ned by

t he waf ersessagadsbderth asthe daset eff heasuring ¢re kase linoapaordidg t®thedost ecti ng t hose
paranmeters with the anounts of positional deviation between the main scales
RML- RV6 fesrbgdigiest r at i on nmeasurenment of the first wafer and the inages of

t he corresponding sub-scales RS 1 and RS2 and the residual errors

(overl aying er fg&s; inesisusted! diggranndlugiratieg a lseratiummatiop sy sipmiasrydite
conput ed, tBe | ayoyt .coordi nates of the individual shot areas on the wafer
are conpufé e fEd embgAImEt new paraneters, and the rotational angles of the
i ke of the reti.cle.and waf.er are. corrected as needed...Then e.wafer is
al i gned based Jlr{&t ﬁés 2 Blan iy 8 O‘I"Qﬁgfﬁ PR ﬁtir%cék'rgsoq@fre%ﬂait'ﬁeg Igiatlt ern i mage
of the reticle Ris sequentially exposed on the individual shot areas on
the wafer. Wth regard to the second wafer, a |l aser beamis irradi ated on
the marks for registration nmeasurenent in the shot areas that are selected
in the sane way as those of the fir st wafer after exposure is conpl eted,
and the amounts of positional deviation 2 7 SEP 2002 32 between the
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Even when the aperture stop plate 9 in FIG 1 is rotated to change the

illumnation condition to annular band illum nation, nodified illu 'mggp’mm
or the like, information of the positigpal deviation of the projected I nage
caused by the alteration of the illumnation condition is included in the

val ues of the anounts of positional deviation neasured by using the atomc
force mcroscope 39, so that a high overlaying precision is obtained. The
nunber of shot FEPeX’ & plan yiexs shawige eisbotiaydy opgrwaley Vs whishiipan grpesurenent
by using the atqmi ¢ force mcroscope 39 and the positions of the shot areas
shoul d n&f‘rgﬁ’e‘é‘el;g@aﬁi |y be the sanme for the individual wafers. For exanpl e,
t he residual Wﬂﬂ?r?ﬁcal i nlg cag Pe nmeasyur ed al t.ernaitel iin the X direction
and the Y direft? ot &heP PHAIEAE PATHECY S80HtRg Matarsesle AR aub-srrle Hpress £ be
measured alternately i.n the X axis and the Y axis by alternately sel ecting
the measdPEBNEE K85T™588i tions like two right and left shot areas in the
first wafer, t i C and two right and
‘M”Gﬁ@% ?]s“eé’ %%gérﬂ-’gec%i%%l %\g %fongglrlé []ﬁ% fx%hf?{‘i%‘? BA, 9

| eft shot areas | one. wa as ‘exposed by the

proj ecti on expesgr a3t hdWi K ; | 04 ep, then
under goes a pr ogsgﬁps{agp@5¢%§ fgger:%%{n gtogﬁ;aﬁtgﬁ:ﬁ@n %gﬂ% d;)I?alSlH&Ei%;2(})2 ion

i nj ecti orpepformlify relai®e Wedrhidd® the shiFicePhlredist ih 1G] 6B R@thad pebedevel opment
used as a mask, and a resist renoving step or the like of renoving an
unnecessary re$ilGt7 &fd strudtivel pipgaessiusgatiigepari ffan extposuredlsempr ocess i s
conpl eted by repeating the individual steps, such as exposure, devel opnent,
processi ngcendihgy tesi stondembadimevheftht peeseafieventioocess is fini shed, a dicing
step of dicing wafers printed cir cuit by printed circuit and nmaking them
into chips, a bonding step of applying wiring or the |ike to each chip, a
packagi ng. step of packagi ng each chip and so forth, are carried out in the
act ual ag%eéﬁyfqdﬁgforp&%wg,&ftﬁg? BY§n89Thal |y manufacturing a seni conduct or
devi ce, such Sl .. The second.enbodi nent _of th resent jnvention wll
now be. di scus NP EERERE ot Ff T Rveftiont IR ABERbALAISR, o s | ng
appar at uscg i ARl WrlibotiRubaTtnd Gebh T AASEARTHERedcinkd Gunl 1S

provi ded as separate fromthe projection exposure apparatus. G 7 shows a
part of thgr&xreswiEessSystgm according to this enbodiment, and a projection
exposure apparatus 51 and a neasuring apparatus 54 are connected by a wafer
transfer |ine BZ.ilrllk$teates/the Fbleenidtiej shatiupdoLx profdetion 2RPesudd yfpabatudras t he
structure of the projection exposure apparatus in FIG 1 fromwhich the

at om ¢ f owlieh s wsed s 8pe e@®odimeent. hbn thiasldG. il aruenpoaviedighs s bEan bltraFlo®t 3 ar e
removed. The neasuring apparatus 54 conprises the atomic force m croscope
39 havi ngPWssdagsr dam4pom gn ArE exgimesdasqysayiregy b whase banddpnpspwadpiathat us f or

them In FI 7, a ke unit 53 for perform ( Post - Exposur e Bake),
pre deve%@f%émgﬂb% 3 R PaRES @ f‘@tm%ﬁhlf’ﬁé‘nwg%gﬁ’ﬁg’é‘ﬂ“%?%oﬁgblﬁroj ecti on
exposure apparatus 51 is arra d.on the wafer transfer.liji.ne 52 between the
o of oot | dRTEpgen pu e A BRTuR A DL A el i g 5" 7AE

oper at | ong gturk REntPSIfl 29k SEROBHAE|BARAPALHS whbrelle: BAHRgiNGd 2 53 and

the neasuring apparatus 54 are contro ost conput er cabl e
for di reclafer, 205171 ShedMitRdtioddnd s&fppliorthK BkObf BghtienfissddL6l the 2pFM ssi on
line or the |l'ike may be provided between the control apparatus of the
measur i ngex@fiparlased Sodrde Anand fdusmile liphntadakingkaticof the valisblpligheetiucng
exposure apparatus 51. In this enbodi nent, when the projection exposure
appar at usurbl6.p€hé expmsure @4tp11er 29 fecelvedformatios sueh am attdrgetfamamnt whfight, t he
projection exposure apparatus 51 sends information to the effect that an
exposed vepesuresfremrarmaia controt systeme 2§ shichperforms thergenerad comtadd wf ithey
apparatus 54 either via the host conputer 55 qr directly. Wile the first
vaf er is RSWLNG dithe eriirgappsratus apd puipuLs ipformation,wuchh ag e gmauntef Mehtt or ns
post - exposur e bak PEB) on the, resist on the wafer., As a result, the

| atent | n@GESUEHO B &CtGiy Seares o tis b RoRTSHREE 20aS a0H bRREFcp e

regi stratjon ur e t in.the individual, sho reas i n Fl becomne t he
indut at § oo TR ECT B e lardbelng, Bin 3 S e B TRVt pEoe i8S
reaches t ' r f NS .
Govi at 1 ortil s eisn B8, B2 AR ter 1ARE T by o ATBMRE B 6B S o A rcury
nmeasur ene a ' I ' Jm sel ected shot areas on
g%ﬁ&e@; thS extfdshdQight. cl el
t he maferﬁggﬁeﬁ%gggfg ) ana%%ﬁggggggﬁﬁggoﬁ %3£¥f?ola deviation are sent to
the main control system of the projection exposure apparatus 51 via the
host conputer 55 or directly. The main control system conputes the anount
of correction for the results of the wafer alignnment based on the supplied
anounts of positional deviation and reflects this correction anount on the
next wafer to be exposed. That is, based on the |layout coordinates of that

I o o - v Y S Y o Y



amount for the results of wafer alignment fromthe anounts of positional
devi ati on between the main scales for registrati on nmeasurenent and 2h8EP 2001
i mages of the sub-scales and may send {his correction anount to the nain
control system of the projection exposure apparatus 51. Wen the projection
exposure apparatus 51 receives information on the amounts of positional
deviation (or correction anmpunt) neasured by the neasuring apparatus 54, it
is very |ikel ylhetepospdight B- thet hasnasseddbnvanabielighiasdudinguely 6snwrs 2d. | n
this cas&b’ t he mgsurL&g results for the first wafer are fed back to the
third wafBreYeTRRSS Fphgha Bean shaning epiesal syiterp Kemagpipalenssysrms Jhogkt i on
exposure . apparatus 51. Fyrther en.the results of asurenent by the
measurin %a %F‘Pﬁrﬁgeﬁ@p ﬁng(gqcf“m]PW”’taﬂ@éY%ﬁ‘f‘ds fispess Iﬁnéfl%gg}btpe show t hat
the residual .errors of..1he first 35 2 7 SEP 2p02 wafer have .exceeded
pr edet er ﬁ&%@%ggwrgcéanocfetée, ﬁyheé/ej\%ﬁse%miaslogaé?ﬁe Hﬁpggﬁ’yaa flréf)er@c?ggsli%ng line as a
defectiv f resi r e I i.on of, the resist
%rﬁ@nlgt%& oh ! p?fugg stggz)lﬁaﬁé ? g?ﬁéﬁ%l}l%%&;g{tu%ﬁﬂ) X%ﬂbr n%rmgl

after whic I'S su I osure apparatus 51.

This elim : i : I tehus
mpr oves e ool fBRRlce Rop FEEE oy BonBINARDAI, 1T HAGERE EB0CHOLS,
transf or maEfiéOBIUNALSHNSn ThAPBRINPristd6f APRKAitY OF stheW esdehfiid QeniRASaEenent to
t he undul ation of the resist by neans of the bake unit 53, 'a | aser

i |1 um natsb dortls.y Ak elie Sialti dodutrol Oystdie 28 mernk theFpertu sigy plae pyavheedvé n t he
proj ection exposure apparatus 51 or the neasuring apparatus 54 and may
parti al | yndtent0 ordogotdapcerwathuthe ipnzinataon odindhimngh ptddetermingd siperfturierseéop
sub-scal es are exposed on the main scales for registration nmeasurenent
around a YéHeh defines thqdlunHsatigroeandifiastis sesin the ight erecreingisyrfaeg ef the dbur ed
prior to ex;i)os re of the first wafer in the first enbodinent, this is

t roubl esGe ' &¥¢ shoul d not necessarily be carried out in this enbodi ment.

Further, the nber of sh ar.e for exegcuti registrafi nmeasur,enment
and the | ayout EaPRSTe HEg! Hoteh i dteraad Epmg)e Akredr 1 & MDA ARut et
too. Fur (=Te ] i . t he
whol e wa by LrepBhElRd LRI ROMR A WP pIEee U B e B R M % s
every tWea9hMhesh PEnteMBEMitidAce BnddVefeflebnéd) TR Bl Hiehi Mhadiseahadidrent s.
Furt hernore, neasurenent may be first perforned wafer by wafer, after which
t he i nt etvyahe beinveplitterclll &nserk an hdedrens vérsdr Mwhivh ik B6MPASRILIGr adual 1y. In
addition, while nonitoring how the residual errors change wafer by wafer,

t he i nt erphatockeetrivesemsovadngrshase detectiemsignads supplibd to A exset dohtrolemfes i n
the residual errors becone smaller, and may be set smaller if changes in

t he resi diased en thy detertiopmignahfrgey the miegraiogisensae | httberprrasyrec@nirBeostope 39
is used as,a shape .i nspect,ing system equi pped wWth a pr.o in the

above- dedbiiresid Tt Ml ans by GecierBR st mbexAetiB LBy sk M oRectat omi ¢
force m f ooc0Re: 39 0. A RA3ANNEBLART IHELAREARG (SPM can be used As
oné exanple 0o hé shape nspecting system® a doann ng tunneling m croscope
(STM or the Ij : d | i fjor waf er
S gnrent 1 thE 2hayaS GeHE A pathis 1RG0 83 PG I TRRIerl T IUEERA

present isgen indiretidle BHkiombhaaiar ethréuphl R fleaih @irr@X8HAdi @ ndbdeby di e
alignment. Further, the exposure nmethod and exposure system (exposure

appar at udgnsaystehe14.i Reheachoprbijdigioh @xpdsargappaciis oftizrenbtodimean ibe adapt ed
not only to an exposure apparatus which uses light including X rays as an
exposur e seaarin@exposutetypabiby e dtepani lseah sywtsodiameomadle firld stopSor prsventitgar ged
particle ray transfer apparatus which transfers or wites a predeterm ned
patt er n (BXPAgpTe kaprRegessat arersebaferpand afiehscasniag €¥pewre B@aeNided i ng

apparatus. Wien an electron heamis used, for exanple, thermal el ectron

di schar geddifioa tpdhg eldom b5 ahas peaes @R ABUNINZHON fIgAt ﬁﬁa moﬁa?esle%m Ihdhfs e
for an electron gun. Further, th jection.optical.s emis not.limted
to ar ng@FitbS?P dpoed by E]E‘ﬁ H%éft%lesa‘g{tgh ﬂfﬁ]"llen@b‘mo WP@?P}SHﬁéV&déaﬁr?so with

|e|n: 321%1231‘% ?tﬁqﬁ Hp_lfﬁja[fi:q?l?’isqgggﬁme aII’? Iil%]rﬁifng’g&luae"rgg Xonrjnl% atg %vitl}'x,s?oq e%%m%f%?&%”r €

rectangular opening of the field stop 15 on a circuit pattern area of a reticle R via an

image-forming lens system 17, a reflection mirror 18 and a main condenser lens system



hi gh-frequency is acquired by anmplifying a single-wavel ength [ aser of an
infrared range or a visible range which is emtted froma DFB seg.’:@Eglﬂ@?ﬂor
| aser or a fiber laser by a fiber anpli8ier in which, for exanpl & i
(Er) (or both erbiumand yttrium (Yb)) is doped, and then subjecting it to
wavel ength conversion to ultraviolet light by using a non-linear optical
crystal. ;ghe exposure apparatuses of the above-described enbodiments are
not limted to the user as an exposure apparatus for manufacturing

sem conduct or e 11BY% JoSuM1 38l YL,QH@HE@Q% &fcﬂh%éi?cruiteﬁ%?t@m i%%thgﬂfﬁ?ﬁﬂg Hie

apparatus for liquid crystal which exposes the pattern o |qU|§ crystal

di spl ay cdea sahOretRld RGS BRKIERE] @ ASkpBhik 8raatd 238 IRRT Yh& WRRAKAL US for
manuf acturing a thin filmmnagnetic head. The exposure "apparatuses of the

above- degtadetiod therhngtienfornhmgtarfabeofmpiatiby decdlxyétaﬁmm@[e%Eﬁ@i@ thhe
illumnation systemand the projection optical system which conprise a

pl ur al i t ybotf silen@esne side vo theewifedsidof atarpredepamifiel @pjeatiat tisgnifafion 6 ng
optical adjustment, attaching a reticle stage and a wafer stage, which
conpri seg An’bbm'gpfoe exaroplani /dal/Scortpohkntds therprejectioncofftisateystene Pbsddpe and a
| aser illum nation systemor the |ike as a heating systemto the body of

t he expoSHPRSUEppLLRat Desitiorer anpresd hadvrabity ofishat areas @ thgiwader Woek f or mi ng t he

tical j ust t 37 2 7 S E P 2002 i.ned jn the abqgve-d i bed
ebod merE Y RerA e <6t B ted 5 RO SIS Ond DRI Wl 1 pl e
o poe. atisReI R, ek e ey AL S Erobe f s ERbRERranR " T o 7
3 el S ; i
oxposur o SR STemdldrabio bk Al Refid Wilerd N AR RE S e S

t enper at Welised ROFRBCOibsbHRARANE ShordNhveRnE Bk BodkEligANt rol I ed. The present
invention is not limted to the above-descri bed enbodi nents, but may take

various structas g¢s AMFtdxeitherdefnkbirog 11is agedtih €his empediafent, Resubrhembeo60
Further, the disclosures in Japanese Patent Application No. 10-83696 filed
Mar ch 30,is pA8&jedi tnshiett thg indieidspkitiufigstondight phths frem the ansidegsf thagiptst r act ,
are incorporated herein by reference. Industrial Applicability The first
exposur e tesenvadiable light redusinenanii Gntethe lsns sistenauth apgh 7Bdshfuaiher tohthe because
t he amounis of po§i tional devi ati on between the ‘%gse Eé)si_ti oni ng mar ks and
the | at erdty-F¥fel§as 8 49 thermaincopdanseriens syt ho fieat tos oxtsidenpin I &¢P1dnd t he

iti .at i hi p bet d m ned tt dth bstrat
7o cor r oaPETPHE 85 B P PARS FBEUYY WS Bl PAOE AR b 60 Mk 651 5 R iSposed
o changan nae st sRp PP hO BB SRal B AR bl b BRI P o

of the prgaReits) AR biafe] PR cé{fijd’r?@tﬂ:@?#sfb;%{ pps the second substrate
is aligned based on the anobunts of positional deviation acquired by

perform ng relAdesteipsioawillngw e gilien Hiithshe Zualsttakdneinwatdlebtopthe@ticalt i s
possi ble to reduce the frequency of use of the probe to avoid reduction of
t he t hr ougipdX ofrible pjdotiop optibdlghistami fjnteaX gxicteksi orpardtet oy thiersgedto t he
third exposure nethod of the present invention, it is possible to evaluate
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the X direction, the Y direction and the rotational direction.
As shown in FIG. 2, a movable mirror 22a, which has two reflection surfaces
approximately perpendicular to the X axis and the Y axis, is fixed onto the reticle stage
20 and a laser beam LRX parallel to the X axis, and biaxial laser beams LRY1 and
LRY?2 parallel to the Y axis are irradiated on this movable mirror 22a by a laser

interferometer in a drive control unit 22 in FIG. 1. This laser interferometer measures



maker can be detected even if the sensitive material is a chemcally
anplification type resist. Wen the exposure apparatus and the de2 cSEP?@DZ
unit are separate units in the exposuregsystem of the present invention it
provi des an advantage such that there is no reduction in throughput in the
exposure apparatus. Because devices according to the present invention are
manuf actured by the exposure systens of the present invention that can use
t he expodhe & eerdiaets. b ¥ peorginatecand theyasatidnshangle hf tie reticde stage A9 pr eci si on
i s obtained, so fhat high-performance devices can be provided. A 2 7 SEP
200Z 39 dfskichasRyin rgq! T@%ﬁogﬁﬁér%@%wmﬂ 22q988PkgharpstieningopsratiomaSk wher e
a first ppsitionin rk is f.?rmed onto a substrate where a second
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whi ch sai ttern is.to be transferred, the.nethod c rising: a first
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setting asgtiinlikm. nation area on said mask in such a way as to illumnate
substanti ?Fy said first positioning nmark alone; a third step of
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sensitive materi al oh sal d non-s area on sal d subs ourth step

of heat i MEheampRatabled Rlsfired BROANPOY tstaRR 28fwisiah fholikd So-BRRinkioARINg nar k
of said substrate; a fifth step of detecting an undul ation distribution of

sai d sensilérignhe XY @ranalpakyleper the imhgedof tht pidjd@iod @ativalngstem RL, wdfaace of
said sensitive material which was heated by said fourth step wth a
pr edet er nwafedstpgeobecompniestthe sangpe tiblea24jand the XY emige RHnahe sahplieitasie 24
information of a latent imge of said first positioning mark and said
second peontrplsrihefponaprsibian éebsgirnanrthe 4idireotion)tod thtewafet Woand the title
angle thereof to fit the surface of the wafer W into the image of the projection optical
system PL by an auto-focus system and auto leveling system, and the XY stage 25
performs stepping of the wafer W in the X direction and the Y direction. An alignment
sensor 35 for a wafer mark of an off-axis system and image processing system is located
on the negative X-directional side of the projection optical system PL projection optical
system PL.

Further, the negative X-directional side and the positive Y-directional side of the
sample table 24 are both mirror-finished and used as a movable mirror. As shown in
FIG. 2, a laser interferometer in a drive control unit 27 irradiates a laser beam LWX
onto the negative X-directional side of the sample table 24 in parallel to the X axis,
irradiates biaxial laser beams LWY1 and LWY?2 onto the positive Y-directional side of
the sample table 24 in parallel to the Y axis. In this case, the extension line of the
optical axis of the laser beam LWX of the X axis passes the detection center of the
alignment sensor 35 and the optical axis AX of the projection optical system PL, the
extension line of the optical axis of one laser beam LWY1 of the Y axis passes the
optical axis AX, and the extension line of the optical axis of the other laser beam LWY?2
of the Y axis passes the detection center of the alignment sensor 35. Accordingly, the X

coordinate of the sample table 24 is measured by the laser beam LWX, and the Y

coordinate of the sample table 24 is measured by the laser beam LWY1 at the time of



a seventh step of performng alignnent of said pattern with said ﬂuﬁprﬁh&e
based on said positional relation information; and an eighth step o
exposing said pattern onto said substrage after said alignment is
conpleted. 2. (Cancelled) 3. The exposure method according to claim1,
wherein said positional relation information is an anount of positional

devi ation Bet ween said latent jnmage of said first positioning mark and said

second pdignt PAPSHE aRd ik measured, by iicdassr deara LB 2 phhedupoef alignngmst 18¢n on a
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substrate 1n said plurality o ubstra rd step of heating at | east
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substrate; a fourth step of detecting an undul ation stribution o? said

sensi ti veaad ef pitidhal BEF AN e ZeliRIHYE 0 SGROPER el thetoptidhlf B8 oPlhesail d
sensitive material which was heated by said third step with ‘a predeterm ned

probe; aldsef bbans bedtheQfurfaceof the R fOIOW] in ABBE efr6l @by B8 prdfueedrBY bRthiag a
| atent image of said first positioning mark and sald second positioning
mar k based rafing of gedampdd tablee2 4 efeatdidit; laserdierink nstydye iofadjated @rtoriheg
alignment of a second substrate in said plurality of
sides of the sample table 24 at a predetermined distance apart from each other in the Z
direction with respect to the laser beams LWY1 and LWY2, so that an Abbe error
caused by pitching of the sample table 24 or the like is corrected based on values
measured by a pair of laser beams apart from each other in the Z direction. Further, a
moving mirror having perpendicular reflection surfaces may be provided on the sample
table 24, as on the reticle stage 20, and the position of the sample table 24 may be
measured by irradiating a laser beam on this moving mirror.

Returning to FIG. 1, the measured values of the two-dimensional position and
rotational angle of the sample table 24 (wafer W) that are measured by the laser
interferometer in the drive control unit 27 are also supplied to the main control system
28 and an alignment controller 36. And, the drive control unit 27 controls the
positioning operation of the XY stage 25 via the unillustrated drive motor (linear motor
or the like) based on the measured values and control information from the main control
system 28. It is to be noted that the rotational error of the wafer W is corrected by
rotating the reticle stage 20 via the main control system 28 and the drive control unit 22
as one example.

At the time of light exposure, the illumination condition is set as the main
control system 28 rotates the aperture stop plate 9 as needed. And, the operation of
moving a next shot area on the wafer W to the exposure area by the projection optical

system PL via the XY stage 25 after exposure of the pattern image of the reticle R onto

one shot area on the wafer W is completed, then exposing the pattern image of the



substrates which is different fromsaid first substrate with said pattern
based on said positional relation information; and a seventh step, of
exposing said pattern onto said seconthsubstrate after said ali gnlrir&EPﬂ&UZ
conpl eted. 5. The exposure nethod according to claim4, wherein an
i1lumnation area on said mask is so set as to illum nate substantially
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Before such exposure to each shot area on the wafer W is carried out, it is

necessary to align the pattern of the reticle R with each shot area on the wafer W

beforehand. For this purpose, a pair of, for example, cross-shaped reticle marks 37A

and 37B (see FIG. 2) are so formed as to sandwich the pattern area of the reticle R in the

Y direction, and reticle alignment microscopes (hereinafter called "RA microscopes™)

38A and 38B of an image processing type are respectively arranged above the reticle

marks 37A and 37B. The RA microscopes 38A and 38B each have a downward

illumination system for irradiating illumination light of the same wavelength range as

that of the exposure light IL and a two-dimensional image pickup device, such as CCD,

whose image pickup surface is located at a position conjugate with the pattern surface of

the reticle R. Image pickup signals from those image pickup devices are supplied to the

alignment controller 36. The alignment controller 36 processes the image pickup

signals to detect, for example, the amounts of positional deviation of the images of the

two marks in the X direction and the Y direction and sends the detection results to the

main control system 28.

As shown in FIG. 2, a reference member 32 is secured onto the sample table 24
in the vicinity of the wafer holder 23, and two frame-like two-dimensional reference
marks 34A and 34B and a two-dimensional reference mark 33 which is a combination

of a line and space pattern in the X direction and a line and space pattern in the Y

direction are formed on the reference member 32. The distance between the reference



on said predeterm ned substrate; a fourth step of detecting an undul ation
distribution of said sensitive nmaterial by performng relative s??wrﬁ to
a surface of said sensitive materi al \Mﬁ‘u'ch was heated by said th t Qg
with a predeterm ned probe; and a fifth step of acquiring positional
relation information of a latent image of said first positioning nmark and
sai d second positioning mark based on a result of the detection. 10. The
exposur e markhdtA aud 3 Bi1ngettegual taithe designeddissancedeprdesithgprogected inmgss ep of
changi ng sai d predeterm ned substrate to another substrate which is

di f f er entoftheoistisleiraanks ddAtandrd7Reen haverferattagenide, ond thei distancei hetweaoihd

posi tioni ng mag%éi_s formed; a sixth step of performng alignnent of said
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i nformation acguired i,n said four tep; and a seventh step.of exposing
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said pattern is exposed onto each of” a plurality of shot areas on said
pr edet er nhe edfes MW sdnriatiex marisRicstes 08 Gds\siaep whardtha imagdot thaty berdeteefedsai d

plurality of shot areas is selected and said |latent inmage of said first
posi ti oniing befokmed, adi adtvaediernednsliotagapadupddvisaintichegicioduptheiitages ng
mark are detected by performng relative scanning with said probe in said
t hird st ey the to-be-detected mark and the index mark. The image pickup signal of this image

pickup device is also supplied to the alignment controller 36. The alignment controller

36 processes the image pickup signal to detect the amounts of positional deviation of the

image of the to-be-detected mark in the X direction and the Y direction with respect to

the center (detection center) of the index mark and sends the detection results to the

main control system 28.

Returning to FIG. 1, an atomic force microscope 39 having a probe 40 is

arranged on the positive X-directional side of the projection optical system PL. The

atomic force microscope 39 can displace the probe 40 in the Z direction within a

predetermined short moving stroke. In this case, the atomic force microscope 39 moves

the probe 40 close to the to-be-detected object (the resist on the wafer W in this

embodiment) at such a minute distance as to generate repulsive force between the atoms

at the distal end of the probe 40 and the atoms (or molecules) of the to-be-detected

object, controls the Z-directional position of the probe 40 so as to make the repulsive

force constant, produces a detection signal according to the X-directional position of the

probe 40 in the moving stroke and sends the detection signal to the alignment controller

36.

In the case of using the probe 40, with the Z-directional position of the probe 40

controlled in such a way that the repulsive force between the distal end of the probe 40

and the surface of the resist on the wafer W becomes constant, the wafer W is moved in



42 13. (Cancelled) 2 7 S E P 2002 14. An exposure nethod for exposing a
pattern on a mask where a first positioning mark is formed onto2q $apopgy ate
where a second positioning mark is formed, the nethod conprising: a first
step of applying a sensitive material on said substrate; a second step of
exposing said first positioning mark onto said sensitive material on said
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positioning mari al one between said first step and”sail decond Sstep. 16.

The expogtigesithé BaEcRGLAEGH RRditAingl AE ML difbctivha IRiphes Rkt SrRAOPALROBITHI Oni ng
mark is formed in a non-shot area on said substrate which 1s other than a

shot ar eassybRtion saitkthp t@rlinkte dnd YeodrtHaR, EtheshmPo tabi@d gl the r st
positioning mark i s exposed onto said sensitive material in said non-shot

area i n saddasecdrtisitiep.of the suffaee eRthesesis omethd adfeadk eatlbBendasured.ai m 14,
wherein said second positioning mark is formed in a shot area on said
subst r at &uithemtliectligamentesttradler 36 paicessénthieuntlolatien tisawftinrbydforand sai d
pattern and said first positioning mark is exposed onto said sensitive
mat eri al ex#mplgi dheshiet leyekbseheme 9apattera seniching eghemegto dptest dheprasitians et hod
according to clai , further conprising:_ a fifth step of acquiring
posi t i on&e hasp mrg]ﬁ% ﬁ‘rﬁ‘f‘&?‘ﬁ‘a%‘iddhe bent imageef 2 prrdgernyned giagk in the resist,

acquires the amounts of positional deviation between those marks in the X direction and
the Y direction and supplies them to the main control system 28. The more detailed
detection principle or the like of an atomic force microscope is disclosed in, for example,
Japanese Patent Application, First Publication No. Hei 8-45814.

The projection exposure apparatus of this embodiment is equipped with a laser
illumination system as a heating system for partially heating the resist on the wafer W
after exposure and before development. The heating may be considered as a sort of
PEB (Post-Exposure Bake).

FIG. 3 illustrates the laser illumination system. In FIG. 3, at the time of heating
a portion on the wafer W, a laser beam LB1 which is emitted from a laser light source
41 and has a wavelength range (infrared range in this embodiment) of a low sensitivity
to the resist on the wafer W, forms a spot beam on the resist on the wafer W via a
modulation element 42 having an electro-optical element or the like, a mirror 43, and a
condenser lens 44 located on a side of the projection optical system PL. The size of the
spot beam is set large enough to cover the exposed mark image to be detected, e.g., the
image of a mark for registration measurement. The modulation element 42 is an
intensity modulation element that is a combination of a Pockels cell, a polarizer, and an
analyzer as one example. The oscillation timing of the laser light source 41 and the
operation of the modulation element 42 are controlled by the main control system 28.

In this case, the distances between the detection center of the alignment sensor



first positioning mark and said second positioning mark based on a result
of the detection; a sixth step of performng alignnent of said SﬁﬁS&ErPazvﬁ
with said pattern based on said positigpal relation information; and a
seventh step of exposing said pattern onto said substrate after said
alignment is conpleted. 19. The exposure nethod according to claim17,
further %grrpri sipg: a fifth step of acquirin ositional relatiaon
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met hod actording to claim ereln said pattern 1s exposed onto each of
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arbitrary one of said plurality of shot areas is selected and said | atent
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second positioning mark are detected in said fourth step. 21. An exposure
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formed onto a substrate where a second positioning mark is forned on a
non- shot ganeration pethetlaggn lighstourceatle thedasantighhswueedd pmay be proddedowside
transferred and where a sensitive ) ) )
the chamber where the projection exposure apparatus of this embodiment is placed so
that the laser beam from the laser light source 41 is guided to a side of the projection
optical system PL via an optical fiber or the like.
A detailed description will now be given of one example of the alignment
operation in the projection exposure apparatus of this embodiment.
First, a mark for registration (amount of relative positional deviation)
measurement is formed on the reticle R. Through the process up to this point, the mark
for registration measurement has been formed on the wafer W in addition to the circuit
patterns and wafer marks in the individual shot areas, and information on the shot layout
l on the wafer W and the layout coordinates of the individual marks has been supplied as
exposure data to the main control system 28.
FIG. 4 is a plan view showing the reticle R in FIG. 1, and a predetermined
master pattern is formed on a pattern area 45 of the reticle R in FIG. 4. A frame-like
light shielding band 46 is so formed as to enclose the pattern area 45, a pair of reticle
marks 37A and 37B are formed in such a way as to sandwich the light shielding band 46
in the Y direction and a pair of sub-scales RS1 and RS2 for registration measurement,
each of which is comprised of a rectangular opening pattern, are formed in the positive
X-directional side of the light shielding band 46 at a predetermined distance in the Y

direction. A pair of marks, like the sub-scales RS1 and RS2, are also formed on a part

of the master pattern in the pattern area 45.



material is applied, the system conprising: an exposure apparatus that has
a light source illumnates said mask with illum nation |ight, an&r,iag
illum nation area setting section arrapged between said |ight sourc ER A2
said mask and sets an illumnation area on said mask in such a way as to
i1lumnate substantially said first positioning mark al one; a heating unit

that heats at |east a |latent |imge portion of said first positioning mark
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sai d posi‘tiona at1on exposure system according to
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exposure apparatus and said detecting unit as a passage, 17 5 E P 2002 44

and transhel sorfiiistdsdfsret @h ul@irebéls ¢br Hradtrtsibhy Bk rdp@sitatiod MaaGuridhiekt arg
exposed by said exposure apparatus to said detecting unit. 23 . The

exposur e adysoaned acerctiofighd shot hasiB 21,S AN e Ferthers aipdir b€ Akdt mgodiinendisnal
di sposed on said substrate transfer |ine between said exposure apparatus
and sai d manescalengMinartd RIM2, a Phie of sgrosd teosimesmont onidsaatestRoMalaad m 21,
wherein sai d exposure apparatus has a projection_systemthat projects said
pat t ern dHYl4 agdiapaiipfdhird two-dimensionalimgin weales RMoand RMO, lcaeneemapiisediafe
vicinity aorfectsagigtﬂalp rre%.és%C(E)} grr(])tr?lzi%%)epo]r irggisst?a{t%n measurement are formed on the
wafer W at three locations in the vicinity of the shot areas. A resist is so applied as to
cover those shot areas SA1-SAN and the marks for registration measurement.
To implement alignment in this embodiment, first, the reticle alignment and
measuring the base line amount of the alignment sensor 35 for the wafer mark are
carried out. To accomplish this, as shown in FIG. 2, the XY stage 25 is driven to move
the reference marks 34A and 34B of the reference member 32 on the sample table 24 to
positions approximately conjugate with the reticle marks 37A and 37B. Under this state,
, exposure light IL is irradiated by the downward illumination system of the RA
microscope 38A to pick up the overlaid images of the reference mark 34A and the
reticle mark 37A, so that the alignment controller 36 detects the amounts of positional
deviation (ARX1, ARY1) of the reticle mark 37A in the X direction and the Y
direction with respect to the image of the reference mark 34A. In addition, the amounts
of positional deviation (ARX2, ARY2) of the reticle mark 37B with respect to the
reference mark 34B is detected via the RA microscope 38B and those amounts of
positional deviation are supplied to the main control system 28 in FIG. 1.
The main control system 28 moves the reticle stage 20 in such a manner that the

amounts of positional deviation ARX1 and ARY1 in the X direction become 0, and the

amounts of positional deviation in the Y direction are distributed (ARY1 = ARY2).



exposure apparatus. 25. The exposure system according to claim24, wherein
said heating unit is disposed in said exposure apparatus. 26. A

predet erm ned device that manufactured,by transfernng and exposi ng_'}s&i&ﬂﬂm
pattern onto said substrate by the exposure systemas recited in claim?21.
27. An exposure systemthat exposes a pattern on a nmask where a first
positioning mark is formed gnto each of a plurality of substrates on each
of whi ch Talssoaypeteh tsitetiglsiahgnmantk The reenonedhyathe amoystsof posisionslt eri al i s
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Next, considering the wafer W on the wafer holder 23 as the top wafer in, for
example, one lot of wafers, alignment of each shot area of the wafer W is carried out
using the alignment sensor 35. To accomplish this, n (n being an integer equal to or
greater than, for example, 4) wafer marks are selected from four wafer marks WM1 to
WMA4 of each of the shot areas SA1-SAN on the wafer W in FIG. 5, and the amounts of
positional deviation from the detection centers of those wafer marks are detected via the
alignment sensor 3. It is desirable that of the n wafer marks, at least two wafer marks
should lie at different positions in one shot area.

The main control system 28 acquires the layout coordinates of the n wafer marks
by adding the X coordinate and Y coordinate of the sample table 24 at the time of
detecting the positions of the associated wafer marks to those amounts of positional
deviation. Based on the actually measured layout coordinates and the corresponding
designed layout coordinates, the main control system 28 computes the X-directional and
Y-directional scalings of the wafer W (wafer scalings), the rotation of the shot layout of
the wafer W (wafer rotation), the degree of orthogonality of the shot layout (wafer

orthogonal degree), the X-directional and Y-directional offsets of the wafer W, the



di sposed on said substrate transfer |ine between said exposure a’p&ﬂ{&t us
and said detecting unit. 30. The exposure system according to gl a ﬂz,
wherei n sai d exposure apparatus has a §rfoj ection systemthat proj ects
said pattern onto said substrate; and said detecting unit is located in the
vicinity of said projection systemin said exposure apparatus. 31. The

exposure ﬁé@%ﬁﬁc{&éi%ﬁ RO bP8adh 6 a%%?ﬁlg wafglagﬂ Qnt%érfbt Q@ﬂﬁ{gy GndfHet 1S

di sposed i n said exposure apparat us. Xposure system according to

cl ai m 27 rotphenfiefros 8F Bach@honsteR GinirhisAdH 1O tIFRY br the liﬁ(@riﬁrﬁgojcﬁlé@d Sanshet area
on said substrate which is other than a shot” area where said patternis to

be transfgsbagdligiehtIBEGA)OfRABHPIR RRRATIRA Sifot ©TRRTBMpuditidnfis Efledr@si ti oni ng
mark onto said sensitive material 'in said non-shot area. 33. A

pr edet er tEGd calapitagontarUdiag those gataynetdra Abd Maln dd@tdNgh sexP 08 icbpaRk @hdpat t er n
onto said plurality of substrates by the exposure systemas recited in

cl ai m 27 la@4t céordmeposifities mybtidual shattarexs (SosleSAN qatht evaferoW andnas kayober e a
first positioning mark is formed onto a predeterm ned substrate on which a
second p&eprdigsiesef thamain scalesrRid-RME for weissiatiow meaprementionitbeappl i ed, the
system conprj sing: an expof$ure apparatus_that_ exposes said first

posi t i onicABTdRAK SYkerp that datingsthe moyangwasianat thysample tahledbt dhisi ned
substrate; a heating_.unit that heats, at |least a |latent ima ortion of
said fir §pm&£?s[- Sﬁ’%ﬁ@r HePRRhi ngPFrS\%fger’ftB? H@He%ﬂ?né’éﬁg&“‘i‘?ﬁ@gg’?é&appar atus on
sai d sengj t. erial_ of ysal edet ermyned..substrate;, and a detecting
ani + ¢ had st Bl Bkl ot BRI SPRHE0T SR uPH SEg Hedoe MR oBo bR
provi ded jh t j ] ko g 1 ROS| fl. QR r . S Al cond
Poat t 1 oni" e Sal BARS RO Mo Sl H SSLbRO T by Ran Bl e lAUSH gl

sensi ti VR RELRIR lla&dtdhnBE RHBURE HiACHobtRsimAt € which was heated by said
heating unit with a predeterm ned probe, and acquires positional relation

i nformation ofNext] wdsedbn i@ rdihatea it ftel sbtaifabhyt ¢rdcrige Mg layamnd sai d

second positioning mark based on a result of the detection.
coordinates of the main scales RM1-RM6 for registration measurement computed in the
above manner with the base line amount of the alignment sensor 35, the pair of main
scales RM1 and RM2 on the wafer W are moved to the positions conjugate with the
sub-scales RS1 and RS2 on the reticle R in FIG. 4, the illumination area is set by the
field stop 15 in FIG. 1 in such a way as to enclose the sub-scales RS1 and RS2 alone,
and onto the resist layers on the main scales RM1 and RM2 are exposed to the images
of the sub-scales RS1 and RS2. Likewise, the resist layers on the pair of main scales
RM3 and RM4 and the pair of main scales RM5 and RM6 are exposed to images of the
sub-scales RS1 and RS2 are sequentially.

As the resist in this embodiment is a chemically amplified-type resist, the

undulation on the surface of the resist is not changed by the exposed latent image alone.
To make the exposed latent images of the sub-scales RS1 and RS2 for registration
measurement the undulation distribution on the surface of the resist, therefore, areas on
the resist on the wafer W where the images of the sub-scales RS1 and RS2 have been
exposed are partially heated by the laser illumination system in FIG. 3. To accomplish

this, the centers of the main scales RM1-RM6 on the wafer W (the designed centers)

should be sequentially moved to the focus position of the laser beam by the condenser



46 2 7 SEP 2002 35. The exposwe system according to claim 34, conprising an
alignnment unit that electrically connected to said detecting uni tzygﬂp 200
perfornms alignment of another substrategwhich is different from sai

predet erm ned substrate and on which said second positioning mark is forned
with said pattern based on said positional relation information; and in

h [ .US.. . Sai Lt er. i d h
subst  at do S Pt 8 RERR IR BRREDNDTGE 2O Rl e PetivEnel ot s
accordi ng.4;9 Ig}&iﬁmh%dfac Jsfid) sai d second positioning mark is forned in a
predeter

shot area on sal m ned substrate in which at |east said pattern is
to be transferpag red0dinSAistnARHIGs ARPAL e h Ey el
positioning mark orr?to ga?é sens?tﬁ%es naterhl%gﬁéa}l S |§ﬁ:§ﬁg{1%’reerg§&37. The

exposwe gt MeAGHEOSHAURDNSthebésBhrily It cafrRIiRI: Bbfdge Aectsithint thelRedtianRpl.er |ine
arranged between sai d exposure apparatus and said detecting unit as a

passage for trNaaaf e rhgnsaifthositidailrdiviation batweeh tbandid dcalek RMSI RMQRbNg
mark i s exposed by said exposure apparatus to said detecting unit. 3 8. The
exposur e RSt RMGamctedvafer Woarel the im3ges (et émagesibfithesabiscajeuRB1 and

di sposed on said substrate transfer |ine between said exposure apparatus
and sai d Rfet ecwhialy thentesist Rger Iying extho suaie seesthambaerc ondisedare anesisaiiedh 34,
wherei n said exposure apparatus has a_projection systemthat projects said
pattern oifing tBap@mygierce sieroseans and’ IgeﬂecT@ imRgswsithe prpopmOfpesitippalt he

vicinity of, sai rojection syst in . said expaosure_ appar s. 40. The
o & By B PaPlgh e BT 54 i Bpeaeip i Sl IR s eample

di sposed ,i id.expo t us. 41. . . di t

ol oo 5. hEaRRSR FERARYT. SREEIA Miin sée RUE i IPERI T B ERESERI A0S, ' 0 ca

on said %H&%dga&gentémm 8bﬁioqatmﬁe bi}ee 48 o%%at%&afom&r&%ges Peid I s to

be transferre ~sal d exposure”apparatus exposes said first positioning
mark ont o, i fomedordd Mﬁ:rﬂﬁfo?é Balis AdlivaRdCdarofe SARpleanria 24 42mofed in the

predet erm ned devi ce manufactured by transferring and exposing said
X direction and the Y direction in a stroke wider by some degree than the width of the
main scale RM1 via the XY stage 25, and a detection signal DS corresponding to the Z-
directional position of the probe 40 is fetched together with the coordinates of the
sample table 24 to the alignment controller 36.
FIG. 6A is an enlarged plan view showing the main-scale RM1 and the image
RS1W of the sub-scale RM1, and FIG. 6B is a cross-sectional view along the line AA in
) FIG. 6A. As shown in FIG. 6B, a resist 47 is applied onto the wafer W and only a step
47a corresponding to the main scale RM1 comprised of a recess is formed on the
surface of the resist 47 as indicated by the solid line before partial heating. Thereafter,
partial heating of the resist 47 causes an exposure area 48 of the image RA1W of the
sub-scale RS1 to become a recess as indicated by the broken line, and a step 48a is
formed in such a way as to enclose this recess. As the surface of the resist 47 after this
partial heating is subjected to relative scanning in, for example, the Y direction with the
probe 40 of the atomic force microscope 39 in FIG. 1, the atomic force microscope 39
provides the detection signal DS corresponding to the Y coordinate of the sample table

24 as shown in FIG. 6C. The detection signal DS shows tilt portions DS1 and DS2

corresponding to the contour of the main scale RM1 on the surface of the resist 47 and



pattern onto said substrate by the exposwe systemas recited in claim34.
43. An exposure systemthat exposes a pattern on a mask where a first
positioning mark is forned onto a substgate on which a second posi tZi7o$EPnZﬂ02
mark is formed and a sensitive material is applied, the system conprising:
an exposure apparatus that exposes said first positioning mark onto said

iti teri ' bstrate; 47 2 7 P 2002 heat i it that
heat s b grRrams s SadBSHseHPmoB NG ook oF TiAmPeE o Sk PSRN ng
rrgrk is ) osnce}gé a.irgd a det ect Lﬁlﬂauni_t t hat detects an undul a_tion _
di stri bu?{ggrf’ SUifape O s Fesiy terial, heated by said heating unit, and
iri it I | at i i nf tJ f tent | id first
Doeiti ontng e iits bEaf bR AnBhIR O R PorBbat B o edGhterof The
det ect i . : Laim 4 . >4
Gubst v at O L JABoRBIT URE YA AGEALA At B3 8, PG UR ald * ng

sai d det gelit R8(UBhE o Y¥LoGRiraf BB oR$hePoeRRs D2AR: t10Bbrtioh 8 DRReMT 1564 d.e.

substrate on which said first positioning mark Is exposg)§ by sai d exposure

appar at Ushd @nfeiofl tHéghRgt bh thelkitbiscald RS IThRd BXRASY [ ANGIRGY p6GALRHING tO
claimd44, wherein a heating unit is disposed on said substrate transfer

| i ne bet deenatiegi A WeXhdstweenathpse Hicosrdaatess diudthdg tpecfbimigigtalative 4&annikpe
exposure system according to claim45, wherein said heating unit includes a
baki ng umith the prdbakiOnig teeaKdlixetien yields thetmoinat of péFitioRsleleigpioaun ¢hes}ist em
according to claim43, wherein said exposure apparatus has a projection
syst em t HaectpmejeWXsl, odtht qeatar of theomage 9hthe whissale A, withdespastdodlet ect i ng

unit is located in the vicinity of said projection systemin said
center of the main scale RM1. y Prol y

Likewise, the amounts of positional deviation of the image of the sub-scale RS1
{or RS2) in the X direction and the Y direction with respect to the main scales RM2-
RM6 (AWX2, AWY2), (AWX3, AWY3), (AWX4, AWY4), (AWXS, AWYS) and
(AWX6, AWY6) are measured and those six the amounts of positional deviation (A
WX2, AWY2) to (AWX6, AWY6) are supplied to the main control system 28. The
main control system 28 performs EGA computation on those the amounts of positional
deviation to acquire residual offsets (OX1, OY1), residual wafer scalings (WSX1,
WSY1), residual wafer rotations (WRX1, WRY1), a residual intra-shot scaling SMAG]I,

) and a residual intra-shot rotation SROT1. The difference between the biaxial residual
wafer rotations WRX1 and WRY1 is equivalent to the wafer orthogonal degree. Those
are errors including an error the alignment sensor 35 for a wafer mark has and an error
in the base line amount measured as shown in FIG. 2. If the pattern image of the reticle
R is exposed on each shot area on the wafer W in this state disregarding the factors of
those errors, an overlaying error would occur.

To prevent this, the pattern image of the reticle R is exposed in order on the
individual shot areas SA1-SAN on the wafer W in FIG. 5 while performing correction
or the like of the position of the wafer W in such a way as to eliminate the individual
residual errors. Specifically, at the time of aligning the wafer W, the residual offsets

(0X1, OY1), residual wafer scalings (WSX1, WSY1) and residual wafer rotations



exposure apparatus. 48. The exposure system according to claim47, wherein
said heating unit is disposed in said exposure apparatus. 49. The exposure
system according to claim48, wherein 88id heating unit includes?a SERS8(7
device that irradiates a | aser beamonto said substrate. 50, A

predet erm ned devi ce manufactured by transfernng and exposing said pattern

ont 0 sal dyaRe! AAE e LR AAPOP UL 2R UATA5u( BSHdiffled Tasth BhIASS: 5 1. The

exposur e 'systemaccording to ¢ exposur e appar at us can

expose SaberdiddttLothaPel 8y @86BcHe @e PAydubbddriindles Db He iRl ARAP %}o? akds on

substrate; and said deteCting unit sélects an arbitrary one sal

pl ural i t fh@atdh oW, nfasedintthe @bl dessAbsl wate Bligdm@IewRh tsdphle fine St
positioning mark in said selected shot area and sai d second positioning

mar K. 52.an{duaneetheediznmedBsendor I5CaTeelekiatal ibtta-shéiasreibh SROBOIs cdrieBlehod of
manuf act uri ng an exposure systemthat exposes a pattern on a nmask where a

first podiytrotiinggt teeskornesofftharsticnige 20 sths kimple table Bhioahhawate atage
positioning mark is fornmed and a sensitive material is applied, by

assenbl i isedet he fol l owing parts in a predeterm ned positional relationship:
an exposure section that exposes said first positioning mark onto said
sensi tive mat eVihgn c¥prsseg of e paiteratimageohibguetirde Beutto tis ankbizg shedatess o

gg;ysgg; ]3%143\7 glllj t Setvrva ere 1ne151%.85tis lcgr%%}etescﬁ‘ itl(lje i];aiarggg olp s%%i StCLII%Q i(lgloq sHoH&m s
in the pattern area 45 similar to the sub-scales RS1 and RS2 of the reticle R in FIG. 4
have been exposed, approximately overlying one on the other, on the main scales RMA
and RMB for registration measurement in each of the shot areas SA1-SAN. To evaluate
the overlaying error of the actually exposed pattern image of the reticle R, m (m being
an integer equal to or greater than 1 and desirably an integer equal to or greater than 3)
shot areas are selected from all the shot areas SA1-SAN on the wafer W and two main
scales RMA and RMB in those shot areas are taken as targets for measurement, before
the exposed wafer W is changed to a next wafer to be exposed. At this time, one of the
main scales RMA and RMB in the m shot areas may be taken as a target for
measurement.

To change the latent images of the sub-scales to the undulation of the resist, a
laser beam whose wavelength range has a low sensitivity is sequentially irradiated in a
spot on the areas in the m shot areas where the main scales RMA and RMB are formed,
by using the laser illumination system in FIG. 3. This raises the temperature of the
portion which is irradiated with the laser beam to and above several tens of degrees, so
that the image (latent image) exposed on the main scales RMA and RMB appears as the
undulation of the surface of the resist. Thereafter, the undulation distribution of the
resist provided by the main scales RMA and RMB and the sub-scale latent images
thereon is sequentially measured in those selected m shot areas via the atomic force
microscope 39, and the amounts of positional deviation between the m sets of main

scales RMA and RMB to be measured and the corresponding sub-scale images, i.e., the



2 7 SEP 2002 a detecting section that detects an undul ation distribution of
said sensitive material and acquiring positional relation i nforna

| atent image of said first positioningmark and said second posit Zﬁ?ﬁg 0z
mark based on a result of the detection. 56. The exposure nethod according
to claim14, wherein in said fourth step, said undulation distribution is
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surface of said sensitive matertal wth a predetermn

A3, AL, HofiSinéhe AR FOK Lofudishudns Wéén%é‘c%sﬁd)éb%/ﬁo%qdﬁré%é@lﬁf As. Ar. A
f.AS.A"9. Al .A,%As!. AAa AL Ay% A" . A5 . A y% A9u. A" 5yL. ALa. As(L. A" % A % As

f% . Af. AoffcétR(OXBY OAR) ArsiflualAdafesdalibls (WSX2 WSY2), residual wafer rotations
Ja8- 0} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c
a] ca] c<a] ¥R X2] WRY2)] c ekclapiajreahokahling 8512@4 and 9 tdsidubl RR2A2HIB BB 77 ;

; >>G??} xsni d_Z] ca] ca] ca;c t}lca] ca] cg& cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca ca] cal
ca] ca] caSRQEA] Valechptcw e apokbref tha npsint @gas KOO e PRRRFIUB\A/GRKALY 2Z7[ h[
[\ :

\ B\ R } xs §f thogs eesjdus] eupeare a]fearéa]l?aa] &des Ahecmraber @é}lteajh@af@ai aaf]qea] ca]calc
a] ca] ca] al ca ca cal R\ aaDbbh4ceeef 7 " knnnoppA
RO RSER G e e e o o C&Pe%tﬂbaaﬁcaw kb ca cal ca
cal cal ca P Xt %WEF wr mhe”
Y] ca] c( a]n% %ﬁ}){;ﬁ}?&&}ﬁ]ﬁﬂ%ﬂhf & §e éé] ciagi cai Fg]t ]st a]:ca cal calU ca] ca] c
a] ca] ca] @ cafg glﬁ'ix] C]gfg;g g,%ﬁ(snl d_Z]]ca]ca]ca] ca]ca]ca] ca]ca]ca
] ca] ca] ca] ca] ca] cg']% ca?na ca ] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca!, ~
kj 2?By| FH} xsniwafé} bedia6ad s3letdlmad ﬁﬂéxqalsqa&a:saﬂeﬁﬂ:hs ahé «'tiﬂé?ﬁe]x@ adacfa]ts agca] ca] ca
] ca] ca] ca] ca] ca] calca]ca]ca]ca]calcalcaljcalH(7:-m _SI "
exposed is placed on the wafer holder 23. Then, wafer alignment is carrled out using
the alignment sensor 35 in the same manner as was done for the first wafer, and
parameters, such as the wafer scaling, wafer rotation, wafer orthogonal degree, offset
and intra-shot rotation, of the to-be-exposed wafer in the stage coordinate system that is
determined by the wafer-stage-side laser interferometer are computed. By correcting
those parameters with the amounts of positional deviation between the main scales
RM1-RMB6 for registration measurement of the first wafer and the images of the
corresponding sub-scales RS1 and RS2 and the residual errors (overlaying errors)
measured for the m shot areas, new parameters are computed, the layout coordinates of
the individual shot areas on the wafer are computed based on the new parameters, and
the rotational angles of the like of the reticle and wafer are corrected as needed. Then,
the wafer is aligned based on the calculated layout coordinates of and the pattern image
of the reticle R is sequentially exposed on the individual shot areas on the wafer.

With regard to the second wafer, a laser beam is irradiated on the marks for

registration measurement in the shot areas that are selected in the same way as those of

the first wafer after exposure is completed, and the amounts of positional deviation
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10%& () agv'iﬁ%oqlo/gi@és(lke'dﬁ)y using the atomic force microscope 39, so that a high overlaying

, precision is obtained.

The number of shot areas for measuring the marks for registration measurement
by using the atomic force microscope 39 and the positions of the shot areas should not
necessarily be the same for the individual wafers. For example, the residual wafer
scaling can be measured alternately in the X ciirection and the Y direction and further
the residual wafer rotation can also be measured alternately in the X axis and the Y axis
by alternately selecting the measurement shot positions like two right and left shot areas
in the first wafer, two up and down shot areas in the second one and two right and left
shot areas in the third one.

The wafer that has exposed by the projection exposure apparatus in FIG. 1

undergoes the developing step, then undergoes a processing step for performing etching,
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such as exposure, development, processing and resist removal. When the wafer process
is finished, a dicing step of dicing wafers printed circuit by printed circuit and making
them into chips, a bonding step of applying wiring or the like to each chip, a packaging
step of packaging each chip and so forth, are carried out in the actual assembling
process, thereby finally manufacturing a semiconductor device, such as LSI.

The second embodiment of the present invention will now be discussed with
reference to FIG. 7. In this embodiment, a measuring apparatus equipped with the
atomic force microscope 39 in FIG. 1 is provided as separate from the projection
exposure apparatus.

FIG. 7 shows a part of the exposure system according to this embodiment, and a
projection exposure apparatus 51 and a measuring apparatus 54 are connected by a
wafer transfer line 52 in FIG. 7. The projection exposure apparatus 51 has the structure
of the projection exposure apparatus in FIG. 1 from which the atomic force microscope
39 and the laser illumination system in FIG. 3 are removed. The measuring apparatus
54 comprises the atomic force microscope 39 having the probe 40 in FIG. 1, an XY
stage and a control apparatus for them.

In FIG. 7, a bake unit 53 for performing PEB (Post-Exposure Bake), pre-
development bake, on the resist on the wafer exposed by the projection exposure
apparatus 51 is arranged on the wafer transfer line 52 between the projection exposure
apparatus 51 and the measuring apparatus 54. The operations of the projection exposure
apparatus 51, the bake unit 53 and the measuring apparatus 54 are controlled by a host
computer 55. A cable for direct transmission of data or the like or an infrared
transmission line or the like may be provided between the control apparatus of the
measuring apparatus 54 and the main control system of the projection exposure
apparatus 51.

In this embodiment, when the projection exposure apparatus 51 performs

8
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apparatus 54 either via the host computer 55 or directly. While the first wafer is moving
on the wafer transfer line 52, the bake unit 53 performs post-exposure bake (PEB) on
the resist on the wafer. As a result, the latent images of the sub scales on the main
scales RMA and RMB for registration measurement in the individual shot areas in FIG.
5 become the undulation of the resist. The wafer that has passed the bake unit 53
reaches the measuring apparatus 54 where the amounts of positional deviation (residual
errors) between the main scales for registration measurement and the images of the sub-
scales in the m selected shot areas on the wafer are measured, and the amounts of
positional deviation are sent to the main control system of the projection exposure
apparatus 51 via the host computer 55 or directly.
The main control system computes the amount of correction for the results of the
wafer alignment based on the supplied amounts of positional deviation and reflects this
correction amount on the next wafer to be exposed. That is, based on the layout
coordinates of that are obtained by correcting the results of the alignment of the next
wafer, the alignment and exposure of the wafer are carried out. The control apparatus of
the measuring apparatus 54 or the host computer 55 may calculate the correction
| amount for the results of wafer alignment from the amounts of positional deviation
between the main scales for registration measurement and the images of the sub-scales
and may send this correction amount to the main control system of the projection
exposure apparatus 51.
When the projection exposure apparatus 51 receives information on the amounts
of positional deviation (or correction amount) measured by the measuring apparatus 54,
it is very likely that exposure for the second wafer has already started. In this case, the
measuring results for the first wafer are fed back to the third wafer. This method does
not lower the throughput in the projection exposure apparatus 51.

Further, when the results of measurement by the measuring apparatus 54

equipped with the atomic force microscope show that the residual errors of the first
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need for execution of a wasteful process and thus improves the yield of final products.

Instead of executing heating for transforming the latent images of the marks for
registration measurement to the undulation of the resist by means of the bake unit 53, a
laser illumination system similar to the one in FIG. 3 may be provided in the projection
exposure apparatus 51 or the measuring apparatus 54 and may partially heat only the
measuring area.

Although the images of the sub-scales are exposed on the main scales for
registration measurement around a shot area and the amounts of positional deviation are
measured prior to exposure of the first wafer in the first embodiment, this is
troublesome and should not necessarily be carried out in this embodiment. Further, the
number of shot areas for executing registration measurement and the layout thereof may
be changed wafer by wafer in this embodiment too.

Further, wafers to undergo registration measurement need not be the whole
wafers but such may be carried out at an arbitrary interval, such as every two other or
every three other, in the above-described embodiments. Furthermore, measurement may

, be first performed wafer by wafer, after which the interval between wafers to be
measured may be increased gradually. In addition, while monitoring how the residual
errors change wafer by wafer, the interval between wafers to be measured may be
increased if changes in the residual errors become smaller, and may be set smaller if
changes in the residual errors become larger.

Although the atomic force microscope 39 is used as a shape inspecting system
equipped with a probe in the above-described embodiments, the system need not
necessarily be the atomic force microscope 39, and a scanning probe microscope (SPM)
can be used. As one example of the shape inspecting system, a scanning tunneling
microscope (STM) or the like may be used.

Although global alignment is used for wafer alignment in the above-described
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apparatus which uses light including X rays as an exposure beam as in the above-
described embodiments, but also to a charged particle ray transfer apparatus which
transfers or writes a predetermined pattern using charged particle rays, such as electron
beam writing apparatus.

When an electron beam is used, for example, thermal electron discharge type
lanthanum hexaboride (LaB,) and tantalum (Ta) can be used for an electron gun.
Further, the projection optical system is not limited to a reduction system but may be an
equal magnification system or an enlarging system.

Furthermore, a high-frequency may be used as exposure illumination light. This
high-frequency is acquired by amplifying a single-wavelength laser of an infrared range
or a visible range which is emitted from a DFB semiconductor laser or a fiber laser by a
fiber amplifier in which, for example, erbium (Er) (or both erbium and yttrium (Yb)) is
doped, and then subjecting it to wavelength conversion to ultraviolet light by using a
non-linear optical crystal.

The exposure apparatuses of the above-described embodiments are not limited to

1 the user as an exposure apparatus for manufacturing semiconductor, but may be widely
adapted to, for example, an exposure apparatus for liquid crystal which exposes the
pattern of a liquid crystal display device on a rectangular glass plate and an exposure
apparatus for manufacturing a thin film magnetic head.

The exposure apparatuses of the above-described embodiments can be
manufactured by incorporating the illumination system and the projection optical
system, which comprise a plurality of lenses, into the body of an exposure apparatus,
performing optical adjustment, attaching a reticle stage and a wafer stage, which
comprises multiple mechanical components, an atomic force microscope and a laser
illumination system or the like as a heating system to the body of the exposure

apparatus, making connection of wires or pipes, performing the optical adjustment as
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comprising multiple mechanical parts to the body of the exposure system, connecting
wires and pipes, and performing general adjustment (electric adjustment, operational
check, etc.). It is desirable that the manufacture of the expolsure apparatus should be
conducted in a clean room in which the temperature, degree of cleanness and so forth
are controlled.

The present invention is not limited to the above-described embodiments, but
may take various structures without departing from the scope of the invention. Further,
the disclosures in Japanese Patent Application No. 10-83696 filed March 30, 1998,
including the specification, claims, drawings and abstract, are incorporated herein by

reference,

Industrial Applicability

The first exposure method of the present invention has such an advantage that
because the amounts of positional deviation between the base positioning marks and the
latent images of the exposed positioning marks are measured and the positional
relationship between a predetermined pattern and the substrate is corrected based on the
measuring results, the substrate to be exposed can be aligned with a high precision even
when the illumination condition is changed to modified illumination or the like.

The second exposure method of the present invention has such an advantage that
as the second substrate is aligned based on the amounts of positional deviation acquired
by performing relative scanning to the first substrate with a probé, it is possible to
reduce the frequency of use of the probe to avoid reduction of the throughput and to
keep a high alignment precision.

According to the third exposure method of the present invention, it is possible to
evaluate the actual overlaying errors (residual errors) of the image of that pattern.

The exposure system of the present invention can implement the exposure
methods of the present invention. Further, as the fourth exposure system can heat a

sensitive material at least partially, the position of the latent image of a to-be-detected
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resist. When the exposure apparatus and the detecting unit are separate units in the
exposure system of the present invention, it provides an advantage such that there is no
reduction in throughput in the exposure apparatus.

Because devices according to the present invention are manufactured by the
exposure systems of the present invention that can use the exposure methods of the
present invention, a high overlaying precision is obtained, so that high-performance

devices can be provided.
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1. An exposure method for exposing a pattern on a mask where a first positioning
mark is formed onto a substrate where a second positioning mark is formed on a non-shot
area other than a shot area on which said pattern is to be transferred, the method
comprising:

a first step of applying a sensitive material on said substrate;

a second step of setting an illumination area on said mask in such a way as to
illuminate substantially said first positioning mark alone;

a third step of illuminating said mask to expose said first positioning mark onto
said sensitive material on said non-shot area on said substrate;

a fourth step of heating at least a latent image portion of said first positioning mark
of said substrate;

a fifth step of detecting an undulation distribution of said sensitive material by
performing relative scanning to a surface of said sensitive material which was heated by
said fourth step with a predetermined probe;

a sixth step of acquiring positional relation information of a latent image of said
first positioning mark and said second positioning mark based on a result of the detection;

a seventh step of performing alignment of said pattern with said substrate based on
said positional relation information; and

an eighth step of exposing said pattern onto said substrate after said alignment is
completed.

2. (Cancelled)

3. The exposure method according to claim 1, wherein said positional relation
information is an amount of positional deviation between said latent image of said first
positioning mark and said second positioning mark.

4. An exposure method for exposing a pattern on a mask where a first positioning

mark is formed onto a plurality of substrates on each of which a second
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positioning mark is formed, the method comprising:.

a first step of applying a sensitive material on each of said plurality of
substrates;

a second step of exposing said first positioning mark onto said sensitive material on
a first substrate in said plurality of substrates;

a third step of heating at least a latent image portion of said first positioning mark
of said first substrate;

a fourth step of detecting an undulation distribution of said sensitive material by
performing relative scanning to a surface of said sensitive material which was heated by
said third step with a predetermined probe;

a fifth step, of acquiring positional relation information of a latent image of said
first positioning mark and said second positioning mark based on a result of the detection;

a sixth step of performing alignment of a second substrate in said plurality of
substrates which is different from said first substrate with said pattern based on said
positional relation information; and

a seventh step of exposing said pattern onto said second substrate after
said alignment is completed.

5. The exposure method according to claim 4, wherein an illumination area on said
mask is so set as to illuminate substantially said first positioning mark alone between said
first step and said second step.

6. (Cancelled)

7. The exposure method according to claim 4, wherein said second positioning
mark is formed in a non-shot area on said first substrate which is other than a shot area
where said pattern is to be transferred, and said first positioning mark is exposed onto said
sensitive material in said non-shot area in said second step.

8. The exposure method according to claim 4, wherein said positional relation
information is an amount of positional deviation between said latent image of said first

positioning mark and said second positioning mark.



10: 109%&’ ()- 8! 109%&' ()- 6109%& ()- s!10%& ()-S10%& ()-s,!109%& ()- !uVa/

10! 9@ 109KK&' () - 9@ 10%& ()-! 9! 10%&' ()-9! 10%&' () - 109%& ()-y&L0%& ()ZFSEP
10! {"" $988884| bC 10! 9@ 1& 10%& ()- 10H010L+! 10%&' ()- L+! 10%&' ()- 2007
t!109& ()- L t!1109%& ()- 984 (((1)])dEl bC 10! 9@ 1" 910%& () -

109&' ()- S109& ()-Lsglo%&' ()-"s!10%&' ()- W109%&' ()-]))y++. ] .. dYNC

101 9@ 1 10 18- Aoskposuragethpd far-expasega patters ono@iask whiereGn@r's( })os1tioning

L109%&'

oo (Fe BT P Raed ol &#%%e&' oty Bostomhd s 10 )
formed, the method comprising:

a first step of applying a sensitive material on said predetermined substrate;

a second step of exposing said pattern and said first positioning mark onto said
sensitive material on said predetermined substrate;

a third step of heating at least a latent image portion of said first positioning mark
on said predetermined substrate;

a fourth step of detecting an undulation distribution of said sensitive material by
performing relative scanning to a surface of said sensitive material which was heated by
said third step with a predetermined probe; and

a fifth step of acquiring positional relation information of a latent image of said
first positioning mark and said second positioning mark based on a result of the detection.

10. The exposure method according to claim 9, further comprising:

a fifth step of changing said predetermined substrate to another substrate which is
different from said predetermined substrate and on which said second positioning mark is
formed;

a sixth step of performing alignment of said another substrate with said pattern
based on said positional relation information acquired in said fourth step; and

a seventh step of exposing said pattern onto said another substrate after said
alignment is completed.

11. The exposure method according to claim 9, wherein said second positioning
mark is formed in a shot area on said predetermined substrate in which at least said
pattern is to be transferred, and said first positioning mark is exposed onto said sensitive
material in said shot area in said second step.

12. The exposure method according to claim 11, wherein said pattern is exposed
onto each of a plurality of shot areas on said predetermined substrate in said second step;
and

an arbitrary one of said plurality of shot areas is selected and said latent image of
said first positioning mark in said selected shot area and said second positioning mark

are detected by performing relative scanning with said probe in said third step.
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comprising:

a first step of applying a sensitive material on said substrate;

a second step of exposing said first positioning mark onto said sensitive material
on said substrate;

a third step of heating at least a latent image portion of said first positioning mark
on said substrate; and

a fourth step of detecting an undulation distribution of said sensitive material after
said third step.

15. The exposure method according to claim 14, wherein an illumination area on
said mask is so set as to illuminate substantially said first positioning mark alone between
said first step and said second step.

16. The exposure method according to claim 14, wherein said second positioning
mark is formed in a non-shot area on said substrate which is other than a shot area where
said pattern is to be transferred, and said first positioning mark is exposed onto said
sensitive material in said non-shot area in said second step.

17. The exposure method according to claim 14, wherein said second positioning
mark is formed in a shot area on said substrate in which at least said pattern is to be
transferred, and said pattern and said first positioning mark is exposed onto said sensitive
material in said shot area in said second step.

18. The exposure method according to claim 16, further comprising:

a fifth step of acquiring positional relation information of a latent image of said
first positioning mark and said second positioning mark based on a result of the detection;

a sixth step of performing alignment of said substrate with said pattern based on
said positional relation information; and

a seventh step of exposing said pattern onto said substrate after said alignment is
completed.

19. The exposure method according to claim 17, further comprising:

a fifth step of acquiring positional relation information of a latent image of said

first positioning mark and said second positioning mark based on a result of the detection;
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based on sald posmonal relatlon information acquired in said fifth step; and

an eighth step of exposing said pattern onto said another substrate after said
alignment is completed.

20. The exposure method according to claim 17, wherein said pattern is exposed
onto each of a plurality of shot areas on said substrate in said second step; and

an arbitrary one of said plurality of shot areas is selected and said latent image of
said first positioning mark in said selected shot area and said second positioning mark are
detected in said fourth step.

21. An exposure system that exposes a pattern on a mask where a first positioning
mark is formed onto a substrate where a second positioning mark is formed on a non-shot
area other than a shot area on which said pattern is to be transferred and where a sensitive
material is applied, the system comprising:

an exposure apparatus that has a light source illuminates said mask with
illumination light, and an illumination area setting section arranged between said light
source and said mask and sets an illumination area on said mask in such a way as to
illuminate substantially said first positioning mark alone;

a heating unit that heats at least a latent image portion of said first positioning
mark which was formed by said exposure apparatus on said sensitive material of said
substrate;

a detecting unit that acquires positional relation information of a latent image of
said first positioning mark exposed onto said non-shot area on said substrate and said
second positioning mark by performing relative scanning to a surface of said sensitive
material on said substrate which was heated by said heating unit with a predetermined
probe; and

an alignment unit that electrically connected to said detecting unit and performs
alignment of said pattern with said substrate based on said positional relation
information.

22. The exposure system according to claim 21, comprising a substrate transfer

line that arranged between said exposure apparatus and said detecting unit as a passage,
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and transfers said substrate on which said first positioning mark is exposed by said

exposure apparatus to said detecting unit.

23. The exposure system according to claim 21, wherein said heating unit is
disposed on said substrate transfer line between said exposure apparatus and said
detecting unit.

24. The exposure system according to claim 21, wherein said exposure apparatus
has a projection system that projects said pattern onto said substrate; and

said detecting unit is located in the vicinity of said projection system in said
exposure apparatus.

25. The exposure system according to claim 24, wherein said heating unit is
disposed in said exposure apparatus.

26. A predetermined device that manufactured by transferring and exposing said
pattern onto said substrate by the exposure system as recited in claim 21.

27. An exposure system that exposes a pattern on a mask where a first positioning
mark is formed onto each of a plurality of substrates on each of which a second
positioning mark is formed and a sensitive material is applied, the system comprising:

an exposure apparatus that exposes said first positioning mark onto said sensitive
material on a first substrate in said plurality of substrates;

a heating unit that heats at least a latent image portion of said first positioning mark
which was formed by said exposure apparatus on said sensitive material of said first
substrate;

a detecting unit that detects an undulation distribution of said sensitive material,
provided by a latent image of said first positioning mark and said second positioning
mark, by performing relative scanning to a surface of said sensitive material on said first
substrate which was heated by said heating unit with a predetermined probe, and acquires
positional relation information of a latent image of said first positioning mark and said
second positioning mark based on a result of the detection; and
an alignment unit that electrically connected to said detecting unit and performs alignment
of a second substrate different from said first substrate with said pattern based on said
positional relation information,

wherein said pattern is exposed onto said second substrate after said alignment is

completed.
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ar Grrdebe 30. The exposure system according to claim 27, wherein said exposure apparatus
has a projection system that projects said pattern onto said substrate; and

said detecting unit is located in the vicinity of said projection system in said
exposure apparatus.

31. The exposure system according to claim 30, wherein said heating unit is
disposed in said exposure apparatus.

32. The exposure system according to claim 27, wherein said second positioning
mark is formed in a non-shot area on said substrate which is other than a shot area where
said pattern is to be transferred, and said exposure apparatus exposes said first positioning
mark onto said sensitive material in said non-shot area.

33. A predetermined device manufactured by transferring and exposing said
pattern onto said plurality of substrates by the exposure system as recited in claim 27.

34. An exposure system that exposes a pattern on a mask where a first positioning
mark is formed onto a predetermined substrate on which a second positioning mark is
formed and a sensitive material is applied, the system comprising:

an exposure apparatus that exposes said first positioning mark onto said
sensitive material on said predetermined substrate;

a heating unit that heats at least a latent image portion of said first positioning mark
which was formed by said exposure apparatus on said sensitive material of said
predetermined substrate; and

a detecting unit that detects an undulation distribution of said sensitive material,
provided by a latent image of said first positioning mark and said second positioning
mark, by performing relative scanning to a surface of said sensitive material on said
predetermined substrate which was heated by said heating unit with a predetermined
probe, and acquires positional relation information of a latent image of said first

positioning mark and said second positioning mark based on a result of the detection.



10! @10% & ()-6Z10% & ()-4 10% & ()-9310% & ()-110% & ()-/10% & ()-rrrrrr
s_ssbC 10! 10% o0& ()-10% o0& ()-& y10% o0& ()-d 10% o& ()- 10: 10: 7.8

10: 9! 10% & ()-ssEtttt MidELC 10! -10% ¥ () - 10% 0&' () - S10% 0& () - 31?% J&Z(JQZ-
GL0% 0& ()-9° 10% o0& () - Muuuvovv$wdEbC

10! s! 10% 0& ()-s! 10% 0& ()-"10% o0& ()-G

10% 0& () -s! /afbaemoswmla&c ordipRIORIAI 2 ¢ Jeomprising an alignment unit that

1006 o0, FRPEbOY SRR o oAy ql@%ﬂfﬁé?féﬁ%‘%@&%ﬂﬂ&é}% pubsrse

10% o& @mé‘tﬂi@‘%ﬁﬁ&rﬁ)ﬁmﬂ ¢ pRBetemindd Hid&ate)and bfFwlHidH daidSecEAd P13 () - !
YS10% : & ()-m 10' 0 10' 0 10" 09

00 a ()T 100 () S0 (o 10% SZ‘WMQ???@EM" 1008 (1 <E_@
% & 0 % & % & % & 510%.& ().-1} ~2~~~~~
10!, : 10% & )‘“i%if a(& 3‘9053{70)?%4 Eyus £7R ?f@é % %Pat?ﬂ)% spid. &2?8‘% Qb(%mt% dE_@

10! L$31 % & ()-3 10% & 10% & () - 10% & E
101 f 8" 1%%%"%‘%313%“}’13(}% %’?‘pl%dgc; & 8 @ 10% & 8 Y100 & 8 Y@ 10% E&') ()%Sdc -©

10! " 110% & ()36! ThéexPpokyre kPter atgor&ih@ %o &laim 34, wkkreih@aid k8¢cond Positi&nipg- J1 dEDC

mark is formed in a shot area on said predetermined substrate in which at least said pattern

is to be transferred, and said exposure apparatus exposes said first positioning mark onto
said sensitive material in said shot area.

37. The exposure system according to claim 34, comprising a substrate transfer
line arranged between said exposure apparatus and said detecting unit as a passage for
transferring said substrate on which said first positioning mark is exposed by said
exposure apparatus to said detecting unit.

3 8. The exposure system according to claim 37, wherein said heating unit is disposed on
said substrate transfer line between said exposure apparatus and said detecting unit,

39. The exposure system according to claim 34, wherein said exposure apparatus
has a projection system that projects said pattern onto said substrate; and

said detecting unit is located in the vicinity of said projection system in said
exposure apparatus.

40, The exposure system according to claim 39, wherein said heating unit is
disposed in said exposure apparatus.

41. The exposure system according to claim 34, wherein said second positioning
mark is formed in a non-shot area on said substrate which is other than a shot area where
said pattern is to be transferred, and said exposure apparatus exposes said first positioning
mark onto said sensitive material in said non-shot area.

42. A predetermined device manufactured by transferring and exposing said
pattern onto said substrate by the exposure system as recited in claim 34.

43. An exposure system that exposes a pattern on a mask where a first positioning
mark is formed onto a substrate on which a second positioning mark is formed and a
sensitive material is applied, the system comprising:

an exposure apparatus that exposes said first positioning mark onto said sensitive

material on said substrate;
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line that arranged between said exposure apparatus and said detecting unit, so as to act
as a passage that transfers said substrate on which said first positioning mark is exposed
by said exposure apparatus to said detecting unit.

45. The exposure system according to claim 44, wherein a heating unit is disposed
on said substrate transfer line between said exposure apparatus and said detecting unit.

46. The exposure system according to claim 45, wherein said heating unit includes
a baking unit for baking said sensitive material.

47. The exposure system according to claim 43, wherein said exposure apparatus
has a projection system that projects said pattern onto said substrate; and

said detecting unit is located in the vicinity of said projection system in said
exposure apparatus.

48. The exposure system according to claim 47, wherein said heating unit is
disposed in said exposure apparatus.

49, The exposure system according to claim 48, wherein said heating unit includes
a laser device that irradiates a laser beam onto said substrate.

50, A predetermined device manufactured by transferring and exposing said
pattern onto said substrate by the exposure system as recited in claim 43.

5 1. The exposure system according to claim 43, wherein said exposure apparatus
can expose said pattern onto each of a plurality of shot areas on said substrate; and

said detecting unit selects an arbitrary one of said plurality of shot areas and
detects said latent image of said first positioning mark in said selected shot area and said
second positioning mark.

52. (Cancelled)
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positioning mark is exposed; and

a detecting section that detects an undulation distribution of said sensitive material
and acquiring positional relation information of a latent image of said first positioning
mark and said second positioning mark based on a result of the detection.

56. The exposure method according to claim 14, wherein in said fourth step, said
undulation distribution is detected by performing relative scanning to a surface of said
sensitive material with a predetermined probe.

57. A device manufacturing method comprising a step of exposing said pattern
formed on said mask onto said substrate using the exposure method recited in claim 14.

58. A device manufactured by the device manufacturing method recited in claim
57.

59. The exposure system according to claim 43, wherein in said detecting unit
detects said undulation distribution by performing relative scanning to a surface of said

sensitive material with a predetermined probe.



