;e3ed DAX6TI 1 DESCRI PTI ON REFERENCE WAFER FOR ACCURACY CONTROL,

MANUFACT URI NG METHOD OF THE SAME, EXPOSURE APPARATUS AND 5 DEVI CE
MANUFACTURI NG METHOD TECHNI CAL FI ELD The present invention rmlmmmm'mm
reference wafer for accuracy control, its manufacturing neth

exposure 10 apparatus and a device manufacturing nethod. Mre pagtd gl arly,
the present invention relates to a reference wafer for accuracy control,
which is used for accuracy control of an exposure apparatus jn-a

| i t hography process for manufacturi pESCRIPTIONUCE Or devi cﬁm@ ””mmmmfat ed
circuit), 15 a liquid crystal display device and the |ike, _

manuf acturing nmet hod, and an exposure apparatus in whi ch accur atoogs
controlled by using the reference wafer for the accuracy control, and a
devi ce manuf aBEFERENCE WAEERNFOR ACGURACY (CONTRCGEY i MANUFASTURING: ed
by using the exposure apparatus. 20 BACKGROUND ART Conventionally, in a

| i t hography procedETHOD: QR THItSAME:, JRXPOSUREhARPARMIS ANt Or
device (an integrated circuit) and a liquid crystal di %y device (a

di spl ay) i>s 25 manuf act ur eBEVEEEMANNEBGTURE NG METR for fornming a
fine pattern on a substrate of an electronic deV| ce have been used. In
recent years, a reduction projection exposure apparatus of a serial noving

type such as &E%&ﬂ&fbhid ﬁ}ﬁ&%r or a so-called

The present invention relates to a reference wafer for

accuracy control, its manufacturing method, and an exposure
10 apparatus and a device manufacturing method. More
particularly, the present invention relates to a reference
wafer for accuracy control, which is used for accuracy control
of an exposure apparatus used in a lithography process for
manufacturing a semiconductor device (an integrated circuit),
15 aliquidcrystal display device and the 1ike, its manufacturing
method, and an exposure apparatus in which accuracy 1is
controlledbyusing the referencewafer for the accuracycontrol,
andadevicemanufacturingmethod, inwhichanelectronicdevice
is manufactured by using the exposure apparatus.
20
BACKGROUND ART
Conventionally, in a lithography process where an
electronicdevice such as a semiconductor device (an integrated
circuit) and a liquid crystal display device (a display) is
25 manufactured, various exposure apparatuses for forming a fine
pattern on a substrate of an electronic device have been used.
In recent years, a reduction projection exposure apparatus

of aserialmoving type suchasaso-called stepper oraso-called



‘2 scanning, stepper is mainly used, where a photomask (also referred to as a
reticle) on which a pattern to be fornmed on the substrate is proportionally
magni fi ed by about four to five tinmes and fornmed, is used, and where the
pattern of the 5 photomask is reduced and transferred onto a substrate (a
substrate to be exposed) such as a wafer or a glass plate via a projection
optical system. In manufacturing the electronic device, a few tens of

| ayers of circuit patterns need to be overlaid on the substrate, 10 and
exposure of theahhhegpattepas iis mepestedubed, awhewet ensplodt dma®is. (hDsbhis
case, to normally operate the electronic device as a conplete product, it
is required thafearpdsidiconal re¢liatlieconohevivben 4 hmatpad trertts baf feaakd ayer
isin a desired positional relation, specifically, that the reticle and 15
patterns al rebdy fobsedaba thepwapertaoradlerhagdifietd gpodbavtufauvy. tor
this reason, an alignnment nechani smfor accurately coinciding the

posi tional refavechilgs tanel garmech 48 vRedr cand|vwherrl thfe ppattearnsfohhehe
wafer with each other isbuiltin the projection exposure apparatus. However,
there 20 Ras BRRROPREK caSe TRHBICET 131 UBE BRI ERIBOsPRIEONA SHRFEY2ER céPr ed
due to a terrpe%t re c ang%, t he atnospheric pressure change and the |ike
inafactory.® ng%@%n O D5 §¥BESPEY oRAF A Ft VAl SrePEra e SR oV 12

accuracy control gserr@de ig gdva ce, .en which a mark for alignnent 25 (an
al i gnnent marﬂ)plén?j G- hark % ttern Y% F&f erence pattern) used as a mark for

measuring the posi ti@gﬁé%lfﬂ[c}#uﬂr?? Fled. . Widh fheise Of the,retgrepee

waf er, accuracy contr e projection exposure appardtus i s perforned.
Speci fically,18verf oF E8ESEt bat€aRhEhUY LH8 S SFEF £NLE WATIRS subBerRaLiern
on the reticle {a mark pattern corresponding to the reference pattern
(herei nafitcer , an@f &gt IS the' FehbCheLtBBEKS) i3 FSoSAMNed ITMOSededntdens
transferred, and the positional relation between a resist 5 inmage of the
reticle mark éortbdeson tihe thdfseicaar] tbhenvemaleépceppatter bthesebeasuorilc
after a devel opnent processing. By this nmeasurenent, long-termfluctuation
of various fadevisecls &heomylster piroduetposturies appalaedsthast reassi etlonad
correction is nmade. 10 The factors to be neasured and corrected by using

t he refer enceredfekonrketyerny-the matirtnmtdifogash dayad genent 2edesired
between the reticle and the wafer; distortion of a projection optical
system nut uaPOalt§aRdht TERdiofa nBlPeRi hycetivr) Wettwebhet Hetdider epd
exposur e _appar at uses; d the 15 liKke. ecifically, these errors. are
measur ed 1%3/ uBRhgSthe ¢ %?%%d%o%ef%rcfn gﬁ‘ﬁ? YatE4s G ?n@ﬁ?rgé‘llﬁle‘”%% grror
amount) obt al ned, | o) nPUtpd.0 LNEPTOLEELL On GXPOSHL S, apparal s, A8 ancgLf set
correction value. ﬂ's, reduction of each ki'nd of &rror on an actual

process wafer LS, peabl £¢oiafk '%.W&mhieoﬁég!i.}fioﬁ%ltf'@léfigrrl %F%h‘éaég{tef‘

silicon wafer that has™ an uneven Shape engraved on the surface S used,
and its step patiws taaTIBERd enkephbeerRE S ENAR: RRAIAE! BitH c8chi bEEOR

waf er that has a pattern fornmed partially on the surface by a silicon
di oxi de fil m as e tref ehenseopadt Bsmexposure apparatus. However, there
20 has been the case where fluctuation (a positional shift)
occurred due to a temperature change, the atmospheric pressure

change and the like in a factory.

To prevent this positional shift, a reference wafer for
accuracycontrol ismade inadvance, onwhichamark foralignment
25 (an alignment mark) and a mark pattern (a reference pattern)
used as a mark for measuring the positional shift are formed.

With the use of the reference wafer, accuracy contrcl of the

projection exposure apparatus is performed. Specifically, a



‘25 has been used. In addition, for nmeasurenent of the positional shift of
the resist image of the reticle mark relative to the reference pattern on
the reference wafer, an optical positional shift measurenent unit called a
regi strati on nmeasurenment unit | 1 4 or a wafer alignnent optical system
built in the projection exposure apparatus;is used. Therefore, as each
reference pattern, a step of about one fourth of a detection wavel ength was
set for the silicon 5 step pattern and a thickness (a step) of about a half
of the detectiesiwaves efgh tedvasn stie freyfdrih s hiaGyr dittvd g tiriclrm pat taen,
so that the optical position detection unit such as the registration
measur enent unétiabd (tahea wafeert talingooenéspphdtal tsyshemafaraleiephttben
pattern position easily. In this 10 case, because the detection wavel ength
is from500nmherZd0antet heedleareddes esidhtde 51 eps maankd ) Heienssperapaseflr om
125nmto 350nm Conventionally, the thickness of the resist coated on the
waf er has beeanddiansfeynad,| aeddene Aldgitiesg! teilehioh bdleweenjeecebont
optical 15 systemneeds to be inproved with mcrofabrication of the

i ntegrated ci +8aP¢ of Fbe aaiiiclrurpsseiorneqd ennhe yadey #uf Hrerekpssure
wavel ength to be a shorter mave!gggth and the nunericakﬁggerture

be increased.pﬁﬁF?Eﬂp%%fm%%? ETaPpaF %t LPRERF MF & suﬁ@(yhéé) to
Frtori ne) excliroraugrtT | s <o Ld e Fet®n Shcter e Toor tne
Dot oSt SR EELA (ARSI TR, TR A, LS R055. 08,
on the wafer hpgyitably nmust be thinner than the above-described 25 0.5m

10 The factors to be measured and corrected by using the
reference wafer are: long-term fluctuation of an alignment
error between the reticle and the wafer; distortion of a
projection optical system; mutual alignment error (a matching
error) between the different exposure apparatuses; and the

15 1like. Specifically, these errors are measured by using the
reference wafer, and a measurement value (an error amount)
obtained is input to the projection exposure apparatus as an
offset correction value. Thus, reduction of each kindof error
on an actual process wafer is enabled.

20 Conventionally, as the reference wafer, a silicon wafer
that has an uneven shape engraved on the surface was used,
and its step pattern was made to be the reference pattern.
Or a silicon wafer that has a pattern formed partially on the
surface by a silicon dioxide film as the reference pattern

25 has been used. 1In addition, for measurement of the positional
shift of the resist image of the reticle mark relative to the

reference patternonthe referencewafer, anoptical positional

shift measurement unit called a registration measurement unit



'For future use, a prototype of an exposure apparatus with a |ight source of
FZ «(fluorine) I'aser having the wavel ength of 157nm which is shorter than
193nm is being considered. 5 However, under this wavel ength,

transm ttance of the photoresist is even worse, and it is predicted that

t he exposure apparatus can be used only on a wafer having the resist

t hi ckness of about 0.1m 5 Coating of the photoresist on the wafer is
performed by spin coating. If a step structure having the thickness of the
resist to be cpad afh fr rarigyréndred Spiddie swaftem bodati ig uhevprogssteahl ed
a striation occurs on the photoresist to be spin coated. Thus, uniform
coating wll &epdsttéecappardbtudOistheedwords, if ultra thin photoresist
havi ng the thickness of about 0.3mor |ess was coated on the reference
waf er made by t he chmeesfoovmalastegristrafanarge (oad tshot,oresitsp odubkdondbt be
coated uniformy due to the steps (various_kinds of narkg) . Accordingly,
in the ArF expesureizdp&ifafudebecthenFrayasendth wipEalr &oagpphcasisinani ng
a shorter exposure wavel ength than the ArF exposure apparatus, it is al nost

difficult %o PePP R RTUHS) ScbhEFENeBy (8i % ePheO%m%ﬁiaoﬁéll% efeFbfice
waf er with th§e€%§P$¢?T¥gggﬁggggﬁ %ggentio_ has .been, mpde unde;, ucg,io
ci rcunmst ances® st s ﬁﬁ&ylﬁg"fhﬁﬁ%ﬁ et eP*4 ¥ atcliracy
cont ol i1 WOLEDeLhSrE, b0 LB Bk SORAIR MY MRES, SOUNENT oy
e L E0eeLESk b RS L BuER COREI LTl 20t pen
i nvention optical systemcandetect the patternpositioneasily. Inthis
10 case, because the detection wavelength is from 500nm to 700nm,
the above-described steps have been set about from 125nm to
350nm. Conventionally, the thickness of the resist coated on
the wafer has been about 0.5um.
Incidentally, resolution of the projection optical
15 system needs to be improved with microfabrication of the
integrated circuit. For this purpose, it is necessary for the
exposurewavelength tobe a shorterwavelengthandthenumerical
aperture ’(N.A.) to be increased. Currently, an exposure
apparatus having the exposure wavelength of 193nm is made as
20 a prototype, where an ArF (argon fluorine) excimer laser light
source is used. However, there is no photosensitive material
(resist material) having high transmittance for such a short
wavelength light, and the thickness of the photoresist coated
onthewafer inevitablymust be thinner than the above-described
25 0.5um.
For ‘future use, a prototype of an exposure apparatus

with a 1light source of F, (fluorine) laser having the wavelength

of 157nm, which is shorter than 193nm, is being considered.



'is te provide an exposure apparatus in which overlay accuracy can be stably
mai-nt ai ned for 'a | ong period of time and exposure of high resolution is
enabl ed. i I 6 Further, a third obj ect of the present inventionis to
provi de a device manufacturing nmethod, in which the productivity of an
el ectronic device of high integration is i;nproved. 5 DI SCLOSURE OF
| NVENTI ON The present invention, according to a first viewpoint, is a
ref erence wafer for accuracy control used for accuracy control of an
exposure appameteserf heurigéer enges wafgve1dfgennsi sthngmot tansybsbrat ene 51
) having a reference pattern formed on its surface; the reference pattern
formed of a fphstomeehs(i4)emvivogsa, fandtitdepi¢didetasdthactihg éypandra
second area (53) having a second anplitude reflectivity different fromthe
first anplitugiepaedtesciaviiyyusaddntlyeorsamiades ndvihe thersdsilds: aheakaadst he
second area is made approximately flat. According to this, the surface of
the first areaf amdothelskwond area, which make up the reference pattern
formed on the substrate surface, is made to be approximately flat.
Theref ore? even in $PRtEEChnere REPHRTDT £8F s (R eVabPretsS pPOrfereefed
to as "resist") needs to.be coafed ultra thin (for exanple, film
t hi ckness of ]%%)cﬁﬁlrb.c"@tr’rﬂﬁ'l e55)2 SRt §t§HFFHg§,h%¥%}?? ﬁd‘%ﬁg\}é’ﬂfﬁg§§ 8f the
resi st causedt}tl)é( t he, St en etvveeg t.he su(ggace oftthe filrst grea andtthe

8t GBS st Yool E8°sFAE5Ar i Rgating

resl Qa
surface of the Secohd area doss

characteristi &n@éer?ﬁz?s?ecé’f’ié‘é ”§dst£{‘%ﬁféﬁ §888rs! {ani §h8@1{1§é§?£§i%@%o

pl anarization is perfornmed on a step between a surface of Irst area

(54) and a susfags (PohBeaSeCPRds anBA fordd cbakdnlf #1613 wimRkeike 1

10 other words, if ultra thin photoresist having the thickness

of about 0.3um or less was coated on the reference wafer made

by the conventional step structure, the photoresist could not

be coated uniformly due to the steps (various kinds of marks).

Accordingly, in the ArF exposure apparatus or the F; laser

15 exposure apparatus having a shorter exposure wavelength than

the ArF exposure apparatus, it is almost difficult to perform

accuracy control by using the conventional reference wafer
with the steps.

The present invention has been made under such

20 circumstances. Itsfirstobjectistoprovideareferencewafer

for accuracy control, in which there is no resist coating

unevenness, goodresist coatingcharacteristiccanbeobtained,

and practical use is enabled, even in the case where the resist

needs to be coated ultra thin, and its manufacturing method.

25 In addition, a second object of the present invention

is to provide an exposure apparatus in which overlay accuracy

can be stably maintained for a long period of time and exposure

of high resolution is enabled.



'step:100nm and under. In such a case, the coating unevenness of the resist
does not occur at all even when the ultra thin resist having the film

t hi ckness of, for exanple, about 0.3mor less is coated. Herein, it is nore
desirable that the step 5 between the surface of the first area (54) and
the surface of the second area (53) is smg/ler. For exanple, it is nore
desirable that the step is 50nm and under. In the reference wafer for
accuracy control of the present invention, the reference pattern nmay
include a concave pputtioarlG anhd ral ebAeex porthopfayarmd ieraitd csubst tat e (
51 ) , the first area (54) consisting of an area of the convex portion, and
the second arpmo{53¢ cansdsticg ahamupacteringormehgodnt efnal weirbkddetei n

t he concave portion, the pattern formng naterial different fromraw

mat eri al of theodubsivate. oz elatty arse deatitdsoedhhiighi $nvaprecioh toeurse
that the pattern formng material nmay be an opaque material, the pattern
form ng materi®PreéE§dal so be a transparent material. Even in such a case,
the anplitude reflectivity of the first area and the anplitude reflectivity
of the second area that consist 20 of the patternform ng material are

apparently di i i scrimnation between both areas is
enabl ed in acb&%ﬁégﬁ rﬁ’ﬂi—”@?ﬁ?’me of the anplitude reflectivity by
an optical positio surenent. _unit .and the like, ln addition, when_the

Dot orn for ming rmt BT aEer  pYRE1BRG, A8 kuffe 47 #RREE RLelPERrL ha

the concave pprti g{kf@f%%ﬁfegc? %)"ib%gc%tr%chf %f)hteﬂ?oqegtsgdoffo§o g?l;ﬁga& Onm

The detection wavel engt etection reference wa y the
exposure appagghtifol s Jror gl |e)$<ﬂd’sQﬂ3éf5QPEbE8_t§99n”Ehé;orretf@r%nce' whg@8s0N, a
measurenent error can be controlled to the mni nrumwhen the depth of the
concave PRortiosssistifgblie: s Htdye a6 11/HEV iR S e ries cabd e 8brmed
refraction of a thin filmof the light transm ssion material, which is 1.5
to 2.0) of thenbitdetsentiiaare ;warel eafehenEarpaiet e rnhformdwe qfatt eimstoaneag
material is a transparent material, a thin filmof the transparent materi al
may be forned(o4) darewiren cofiirhe swbiirade tdftedchrvidestdhe becsnhdaaraaand
the second area. In such a case, a synthetic 10 anplitude reflectivity of
the first are&ahdnanitngezofricar@aanelitedeunebicehevinpl dififlereet| éeenvity
on the surface of the transparent material and the result of the anplitude
reflectivity B8€fHeE SFodRat FU B8 thedeP AHe tH naPf TR P ULKE cer ahdhér BhEst

t i al dth bstr.at ltiplied b h 15 shift f |
B RN S e e BTty A SR SR

the second area, the. amphLyde, reflectixity, s gifierent bn agogrdancswitn

the thickness differenc ansparent nateria 'S reason,
di scrim nati opy befyesny hotdy angasH sfRARednkN r8¢ePEHRRCEA 2D Pt BoLhgy

difference of the anplitude reflectivityby the optical position nmeasurenent

unit and the bhkene lduddterdf epcrdafiey nbele aecyeasypeontngtedl; £her.
present invention, it is desirable that the pattern formng material is a

mat eri al havi Nigecbestrepleveasiatianeealse aheded panitngesastl theywehnarcase, it
is possible to use it for a long period of tine and stably.

20 referred to as “resist”) needs to be coated ultra thin (for
example, a filmthickness of about 0.3umor less) onits surface,
coating unevenness of the resist caused by'the step between
the surface of the first area and the surface of the second
area does not occur, and good resist coating characteristic

25 can be obtained.

In this case, it is preferable that planarization is

performed on a step between a surface of the first area (54)

and a surface of the second area (53) to preferably make the



'Addi tionally, in the reference wafer for accuracy control of the present
invention, the first area (54) may be forned 9 of athin filmnmde of a
predeterm ned first nmaterial deposited on a portion of the substrate ( 51 )
surface excluding a partial area, and the second area ( 53 ) may be forned
of a second nmaterial different fromthe first material, the second area
formed on 5 the partial area of the substrate surface. Specifically, on the
substrate surface, the thin filmof the first nmaterial and the second

mat eri al havi sigep e @ipbintugeds ef | et isvichyadid$€r eMe Ebamihbeuhétvshness
material may be enbedded in the concave portions formed on the first
material. 10 ¢f ttHe rezas®, dokesi aodesceabl &t tdial dweirh wihleey frihestilmatethah and
the second material are materials having chem cal resistance to acid

cl eani ng. | n seshsta eadeg thei 51 hogSiikikndss vfe for feotangplongbpearti 0d3mh
time and stably. In the reference wafer for accuracy control of the present
15 invention,oftless desioalind t Haredin,| éhsts awecofiephsabilesthaly éhcantephe
second area is arranged on two orthogonal axes. In such a case, the area
arranged &n tPRtéeemobnaFuBk2se £F %%%ef%ﬁs%ea¥%% fef brandetPat ERFR2CEhus

ot ormed SR B PAGant Do, L Betht H s | o CHATR 1 SpoProTFs a
first referenge wafe nuf act uri ng_neth to nuf acture a reference wafer
for accuracy @%%%?%?{?EE?angﬁ e%tg%rl%cgg?%cﬁggoﬁ?s%F'of an exposur e

apparatus, the met hPlgthg%rfiesz'e’P%e Paflf§ rsatc%‘?u%fca}j@&‘?é'f&i B¢ hd ﬁi@séh%m .

made of a predetermne irst material on a substrate; a second step o

performng pajtesit Ngn OR Hehfe £ &ndd IRLARG 1 REPUING PR doradd ok B 8
film a third step of 1am nating a second material different fromthe first

mat eri al 19ubsi@atd aldnweanberthenenbirhedss face subkd ftd he1gybsheaterst
including the thin filmportion where the part of the thin filmis renoved,
and a fourth step 094 pecdosEnpngyl @hasn zatednof otlidecsecordpant eonhal andnt i |
a first area made of the first material is exposed and a step between the
first 5 area neeleagfortchertihr 6§33 hetarsidt i od seeirccar darmidg nateheal
second material becones approximately flat. According to this, the thin
filmnmade of @M‘@e@@%@é{%tﬁﬁr@wcﬁ\r%Poﬁé}ti@ﬁrthﬁ@Qfe’frﬁfsﬁ ffegmgmat peterial
substrate, and subsequently, patterning is applied to the thin filmto
remove a partObffapeRhel ¥HMnr3Y IMRCREXE! PhetRRcOMASHRRERral different from

Sust ot ESFEE?LL?LJI? ﬁleh?tn%i%r%‘;s%ﬁll ﬁ#ﬂgﬁ%ﬁ%in?%? St S GF g rRry e
removed. and subsequentlycfihe BLANALLEAL on 4 AppLLed. 1 0yt he Speond,.,

material unti iTsSt "area na e éria posed to

the surface andeihylndihe:shepabel yesnd bec fhista ALse ©f1 t heokir st

material and the second area ma the second materia econes
approxi mat el ysfitgta cAGeQr €h8Hnp1 Audde cFulsiriatie ysukf age. £ itha birest apgea
formed of the thin filmmde of the predeterm ned 20 first material
deposi ted on the sapliondef réhbestbsitatef stié asecendeptefothat pashsakt
area, and the second area forned of the second naterial different fromthe
first matdri abf therpedtem tfhempantmat e ateh ack dpwa sebsly dtid fsuehdce, Fare
formed. In this case, the surface of the first area and the surface of the
this reason, discrimination between both areas is enabled in
accordance with the difference of the amplitude reflectivity
by an optical position measurement unit and the like. 1In
addition, when the pattern forming material is a transparent
25 material, it is desirable that the concave portion formed on
the substrate has the depth of 50nm to 150nm. The detection

wavelength used for detection of the reference wafer by the

exposure apparatus is normally from 450nm to 800nm. For this



'25 second area are approximately made flat, and the anplitude reflectivity

is different between the first area and the second ~~ area. In the
reference waf er manufactured in this manner, because discrim nation between
the first area and the second 11 area i s possible by the opti cal

position neasurenent unit and the like dug to the difference of the
anplitude reflectivity, these areas can be used as the reference pattern.
In the case where the resist is coated ultra thin (for exanple, the filmb5
t hi ckness at abosdn 0.a3Me@isures®htoBrirbe suhfiae &ortoadl gy uneveangssiabmt he
resi st caused by the steps between the surface of the first area and the
surface of thehseddrd deped ddeshbotoncsus , pandi goodi ¢ €31 shecoatingty of
characteristic can be obtained. In this case, the planarization may be
perfornmed to héke tlitnashenstiepabeitveen of serffracs ioh dlieafirist fdrlemodntha
surface of the second area be preferably 100nm and under, and nore

pref erabl y 50higlhdtuagenisphonhaategienl stdpiciThes pLedeto idnbBntebHnthe
according to a third viewpoint, is a second reference wafer manufacturing
net hod t o dmandfEReuie? 192 eeteretnce wafer for accuracy control that is
used for accuracy control of an ex%osure aggarat s, the method conpri sing:

a first step of rendVitfLy paftstal thrPeaPBhtarBurfAeRIRg Madfididlat & Spy?

tt i d_et chi ng; t f it thin fil de,
Dr anspar ent - neEE 1At EONE SR At A Bt G 56 WD LeAACEMRGr M T RET bR | al
area s remvrﬁ%y ntg{gfotﬂ;nr&&! " SLER A BE' ftﬁreg‘ﬁggfs@rﬁ@gh%gtc' QHcEBdEPSFf)}Q' n

filmsurface e entiré surface o hin m appr oxIr na

flat. Accordipgd0 45 arddenRakkbahqas£8,0f fhegubst &%Ts%,saréﬁﬁgh%ﬁic
removed by patterning and etching, and subsequently, 25 the thin film nmade

of the tnanspafsnitudd efdf@ledtsi FialyRd s8easitor! aréaaley ithe sebshHabeea
surface where the partial area~ ' is renoved. Next, the planarization is

applied to thestthe duh msuriacemp bi tidke toeleativetgush acike ofutheckhbn
film 12 approxi matel yflat. Accordingly, a concave portion is forned __
on a part of the stubsspatrentt selteriadd darflte tie nresbit(ictfs tsuwr f aroelisudade
to be planer) nade of the transparent nmaterial is forned so as to | am nate
the entire surdbkectyiclitii ag the bornvdarysbgdmeiesn.then thhirs Thle, of hehe
anplitude reflectivity of the thin filmsurface is the sanme on both the

area corr esponeR PP R haaddicid/le 2p6r EPBnS 9P s thet e ubsk iR el ethdPnt Rephase
I ni di to th , ian. And th t heti
Al 1t udgSt ef TEEAT ATt ORaRR R A DY B 1B IS i W h LFueL dgness -
flectivit he. f f th t i,al th |t of
The anpl 1 t utdvat TRy £ 08 chle Lfer f RS BT LB Sh el o T £ Lie°

transparent mpleflalsandthe subelrate MmdlooladnDy @ phaske sphiLyaopunt
y around trip o he thin filmthickness. Accordingly, In the area
15 correspondingrd fehde §ON¥RX RILNIsPR r2nE WA AFeA COrFASPANMU NBeason,
discrimination between both areas is enabled in accordance
20 withthedifferenceoftheamplitudereflectivitybytheoptical
position measurement unit and the like.

Inthe referencewafer for accuracycontrol of the present
invention, it is desirable that the pattern forming material
is a material having chemical resistance to acid cleaning.

25 In such a case, it is possible to use it for a long period
of time and stably.

Additionally, inthereferencewafer foraccuracycontrol

of the present invention, the first area (54) may be formed



'to the concave portion, the anplitude reflectivity is different in
accordance with the thickness difference of the transparent material. Thus,
di scri mnati on between both areasi spossible in accordance with the
difference of the anplitude reflectivity 20 by the optical position
measurenent unit and the |like. Therefore, ;these areas can be used as the
reference pattern. In the case where the resist is coated ultra thin ( for
exanple, the filmthickness at about 0.3mor |ess) on the surface, coating
unevenness ofof Bec i BSiFSl maased rhy pridesemibetvehs 2 atthe isur dases ptedihe
area corresponding to the convex portion and the surface of the area
correspondi ngort @ pbet Concavenhpadilih O stoes 519t snecHte @ansl ghiath besastial
coating characteristic can be obtai ned. 13 In this case, the partial area
on the surfacered, bhd thubsécate arma be3 ) ewmyves fbymbdnm & Gelbstmanedepl h,
inthe first step. In the second reference wafer manufacturing nmethod of 5
the present idvereiem; fdwn mbehddraaynduet het, comprdesmnd afrear fhraedponf
further performng the planarization until at |east the surface of the
substrat e s ExpesEd i fEeat A Prarmiastdidteh s fee -t hPPacstépalii/ sekh a
case, the surface of the reference wafer is g}sjty{{ly the substrate itself,

and the transpaf eFHPIOr ¥k F1EE2¢S ehbeddeth i A sHaf | ThFehsmatpnsal
th islittle fjl t th tr.at f d,th is littl
fear of “the (St FBRAFCER it TOF2aaan RAMEot ot e paider S ELECEHFH g due
to stress deforFpiion sssacial e vt thRAtLern, { ALl on. 45, The present

hg T0 a four wpor nt”,” 1S an Tus®{ hat

i nvention, according afo vie exposur e appar at us

illum nates Sp%for(@fé!‘%ﬂ enes gi"ipﬁ?%éfé}ial and sequentially

transfers a pattern of the nmask onto a urality of shot areas on a

sensi tiveosubstrat erd Yhi¥icdhse P{el18Cdd S HPid EBh L VS LEhE Mlrst mdPErial
exposure apparatus 20 using the reference wafer for accuracy control

according to dhe preseskcobAdenhhdrifl Cotd omadearilady asauiagy Oeémeeslt he
mask and the sensitive substrate. According to this, since the overlay
accuracy bet weeni stenomsio and d kéesensigt.i vEn sulbsit raatomsies dontisgbdesdibyet he
use 25 of the reference wafer for accuracy control in the present

i nvention, eveh wi¢ hit heoexpobone pephedtwt ushegand shebgy. beamwith a
short wavel ength as an exposure light, where the transmttance of the
energy beamis | ow HhEheAlRfegience it er foraqesiaqty eamt bl eddthe r asght
overlay accuracy can be nmaintained stably for a |l ong period of tinme

, b
control | itRg tHe" Rt Py %éﬁr%ﬁﬂ%?%%éﬁ%tthétnﬁé%ﬁ@et fie tgtﬂ)étllr&lteaﬁ%at he
use of the reference waferdfor t he accur acy cont;crol. éﬁf’a reiult the_5
pattern of t HE frelske cai BE 1T aits rer Péd O & PRe SPPuPAM Y 5f sR&ESar eB? on
the sensitive,substrate Wi hligh rese é‘&'&Ptp@ngrghgyéﬁéﬂa%éf\é?re fhde
patterns can be acclratély overlard and transferre using the enerqgy
beam of the shople wWavekeRgthcaspd Mt £XPRhUEEbhOPL] of a shot arrangement

characteristic can be appropriately performed.

20 The present invention, according to a second viewpoint,
is a first reference wafer manufacturing method to manufacture
areferencewafer for accuracy control that is used for accuracy
control of an exposure apparatus, the method comprising: a
first step of depositing a thin film made of a predetermined

25 first material on a substrate; a second step of performing
patterning on the thin film and removing a part of the thin
film; a third step of laminating a second material different

from the first material substantially onto the entire surface



'10 Herein, the energy beamcan be an Arz |aser beam a Kr2 |aser beam an
FZ | aser beam: or a vacuumultraviol et beam having the wavel ength of 120nm
to 200nm such as ArF excimer |aser beam In this case, the control of the
overlay accuracy may 15 include at |east one of controlling an inmage
form ng characteristic including distortiop of the projection optical
system and a characteristic of an arrangenent of a pattern inage of the
mask, which is sequentially transferred onto the substrate. 20 The present
invention, aceprdhagstiesariidthnylenpeinthei shandevisepsasubackberagtaet hod
including a lithographic process, wherein exposure is perforned using the
exposur e appapatusfadootding itlm i e epoesent andweiduorh shephef bekhogmapbi c
process. 25 According to this, by using the exposure apparatus of the
present inverplamalhzabhiceh tchEéhet adtendmb ttd e loveanitay actiurscpries made
mai ntai ned for a long period of time, and by perform ng‘;xposure using the
ener gy beam wf Hhehd 1gB¢r naterbahaiecmtdr@sanche skgpiatedayithe first
beconmes possible to transfer a fine pattern onto a substrate with high
resol uti oR ardiFSRIP B EH heattifadip < Eny a6t 2aseengd pr¢ddaste pifnghe
Therefore, the el e?cgtroni C, df)Vi ce of hi]gh i nt egr aii og can be 5 manufactured
with good yi eFECOBAIE ST H7 bRTPUTE y2RBROFE™F hpt BvELG2E BRI EF DESCRI PTI ON OF
THE DRAW NGS Fi g. a_ view schematical ly, shawi.ng a constitutigon of 10 gn
exposur e appar at us]%%%%rrglrh% ?(;%héLsf’it?bs ¥8rlr88f$lr?grﬁ??ef’% ?%Jﬁegﬁﬁf%{weg
control is pef%?é@ﬁ@t@%'%{ii W04 8p6 61 ELERGE MRt EEsE QL + BCCUN ALYLEQ %éRL
according to the presentJL i nlven%)on; él g. e& IS asb?ocg'gil agram s@ ema%%’(:al |y
showi ng a patterning is applied to the thin film to remove a part of
10 the thin film. Next, the second material different from the
firstmaterial is laminated substantiallyontheentire surface
of the substrate including the thin film portion where an area
is partially removed, and subsequently, the planarization is
applied to the second material until the first area made of
15 the first material is exposed to the surface and until the
step between the first area made of the first material and
the second area made of the second material becomes
approximately flat. Accordingly, on the substrate surface,
the first area formed of the thin filmmade of the predetermined
20 firstmaterial depositedontheportionofthe substrate surface
except for a partial area, and the second area formed of the
second material different from the first material, formed on
the partial area of the substrate surface, are formed. 1In this
case, the surface of the first area and the surface of the
25 second area are approximately made flat, and the amplitude
reflectivity isdifferent between the first area and the second
area. In the reference wafer manufactured in this manner,

because discrimination between the first area and the second



‘constitution of a control systemof the exposure apparatus 15 of Fig. 1,
Fig. 3Ais a plan view show ng the reference wafer according to the first
enbodi ment, and Fig. 3Bis an A-A line sectional view of Fig. 3A, Fig. 4A
to Fig. 4C are views for explaining a manufacturing 20 net hod of the
reference wafer shown in Fig. 3A and Fig.;3B; Fig. 5is a plan view show ng
a sanple of the reference wafer on which a | arge nunber of shot areas are
formed; Fig. 6Ato Fig. 6C are views for explaining a reference wafer

manuf act uri nga ne4 hadpaeeabdiengy ttheacpetend ©obHOHi 8B Nisa Ahr @igh tFhgi tobhls a
view for explaining a reference wafer manufacturing nethod of a different

type, where pthaedrikzativents heedfdfeednte dhehrebapdicadeaterlconpleted at
the stage of Fig. 6C 16 Fig. 7 is a flowhart show ng an enbodi nent of a
devi ce manuf aches¢ rgasst hod lae ceredi ag the trkd epresenpat hgent | oy tdwdcksg. 8
is a flowchart showing the processing in step 204 of Fig. 7. 5 Best Mde
for Carrying were Hdq mesdtstods- cratsd ehboditieim (fen gxameilleowichg, falhirst
embodi ment of the present invention will be described based on Fig. 1 to
Fig. 4. Fioy. tlpigkresenati eaPhy Shews Qrcdestsilt il omheofsanf axposapeting
apparatus 100 according to the first eanodg}iPrreglt in V\:h'bch accur. ac% cgntrol
i s performed BYSUSTHGS 2Ok ERELS TIPS SO 4E6UT 755 BBRTESP W& BraF AgSt o
the present in tian. Ehe exposure apparatus |1.00 i s a scanni hg .exposuye
apparat us (a %%?%51|é&5 Cgﬁﬁﬁn%nélgﬁe MR o the Sdtdnd ATedd dRERORS
occur, and good resist coating characteristic can be obtained.
In this case, the planarization may be performed to make
10 the step between a surface of the first area and a surface
of the second area be preferably 100nm and under, and more
preferably 50nm and under, in the fourth step.
The present invention, according to a third viewpoint,
is a second referencewafermanufacturingmethod tomanufacture
15 areferencewafer for accuracy control that isused for accuracy
control of an exposure apparatus, the method comprising: a
first step of removing a partial area on a surface of a substrate
by patterning and etching; a second step of depositing a thin
film made of a transparent material onto the surface of the
20 substrate where the partial area is removed; and a third step
of performing planarization to the thin film surface to make
the entire surface of the thin film approximately flat.
According to this, the partial area of the substrate
surface is removed by patterning and etching, and subsequently,
25 the thin film made of the transparent material is formed so -

as to laminate the substrate surface where the partial areagmgﬁ
is removed. Next, the planarization is applied to the thin

film surface to make the entire surface of the thin film



‘15 stepper) based on the step-and-scan nethod, in which a reticle Ras a
mask and a wafer Was a sensitive substrate are noved synchronously in a
predet erm ned scanning direction (herein, the X-axis direction that is a

|l eft and right direction on the paper of Fig. 1) , and a pattern of the
reticle Ris transferred 20 onto each sho{,area on the wafer W The
exposure apparatus |00 conprises: an illumnation systemincluding a |light
source 1 and an illum nation optical system a reticle stage RST as a mask?
stage hol di ngappeoxthatcdy Rlaa .pr aLectddngopt i£abnsyskepp PLioR iwatermstage
WST as a 25 substrate stage hol ding the waf er—W-—-and-the like As the-|ight.
source 1, herenapart Af Ehexsulbet rdasdit skd\fi, gnhdnhesdiir at ian ivavehenges of
193nm or a pulselight-seurce-that emts a pul se ultraviolet beam such as
an FZ | aser haymage tdpetdarosoi hbdeichthavelaesgidr coft Ws7am ai € susedmediot e
that a KrF exciner |aser having the oscillation wavel ength of 248nm and the
li ke may be uS@®aste heamingite se centiraheuifacei acl otinpt thal ceysaem i s
constituted by 5 includin an illumnation system housing 2; beam shapi ng

| enses 3 and W%?%%fhge&%ﬂglf‘hﬁr?atsﬁe Ehe@fimat e seélemthgasivmt Zhenthin

pr edet er m ned 05|t rel ation; an optic |ntegrato an illumnation
uniformty opt f Cé?r)l% tskﬂfchsad% r? é?/e hergreay ﬁ?%@??‘fl%%ﬁi %O
having a | ar ef | ect.i VI t and ransm t rel a .l enses
and 9; a reticle blind 843 teiLr?rf IOI% %hr?aﬁ ﬁagledagfiogﬁe r%@‘ﬁa ﬁgn‘?W%r

10; d , , d 8
consfll fﬁ?egno%g JJ:%I xe#_lr%fingf)eh%]él ngggxéng%lmchji gls':r r}é\tﬁge %tl C%jn?l%étn ¢ 'S
de-focused a djgdti@,dd lefqee@%%gt@f Rbane, F&l gkl e Sanl O %h%aérﬁﬁifté&'éf ace

of the reticle R and has a rectangul ar aperture setting

i1um natipon 28 €ped N  Of yrRsh @he R rralkeCbe BheaﬂgaﬁgpérgﬁﬂaﬁégeffélC$ﬁﬁ
blind 8B arranged at the conjugate plane relative to the pattern surface of

the reticle Rharébelviofittid ymplitheefiofaddtatiitlyebthadBMhdantbdasean 20
aperture portion where the position and the width corresponding to the
scanni ng di r edtg drhion fiilen 1odt tbket Raangaaentnmstanhaihgaddrelee i @mbstrate
perpendi cular to the scanning direction are variable. The nmobvable reticle
blind 8B is desifgifdied e xamass sl by anomih comrly |2rrénd notishefn in
Fig. 1, refer to Fig. 2) , 25 which will be described |ater, via a drive
system 15. | ritlthe i c%h]t“i* ol HeFClERess or eXdRARIinAe A | i ridhte oreBe@a | A

i's furthgg limted via the nmovable reticle blind 8B at a starting tlrre and

an endi n§°t i TP YEIN Hf E¥p68nr e RUSTrIhagdI HerFea Cor agERMp-LINY
exposure Lo an, PROERSSYNLANILONchE RMAURT:  MPLEOYSL ¢ T o dBPE. ALRUN
in accordance with the thickness difference of the transparent
material. Thus, discriminationbetweenboth areas ispossible
inaccordancewith thedifference of the amplitude reflectivity
20 by the optical position measurement unit and the 1like.
Therefore, these areas can be used as the reference pattern.
In the case where the resist is coated ultra thin (for example,
the film thickness at about 0.3um or less) on the surface,
coating unevenness of the resist caused by the step between
25 the surface of the area corresponding to the convex portion
and the surface of the area corresponding to the concave portion

does not occur, and good resist coating characteristic can

be obtained.



'‘a photoel ectric conversion elenent, which is called an integrator sensor,

is arranged on'a transni ssion optlcal path 5 of the beamsplitter 6. A

phot oconversi on signal of the |light anmount nonitor 20 is designed to be
supplied to the main controller 50 (refer to Fig. 2). Herein, operation of
the illumnation optical systemis descriped briefly. Light in the
ultraviolet region (a | aser 10 bean) LB emtted fromthe light source 1 is
made to be incident to the optical integrator 5 via the beam shapi ng | enses
3 and 4. The |aser beathid i¢Sseponvies teglrbyal heroptbgathbntegraterod tRkO
illumnpnation light for exposure (hereinafter, referred to as an "exposure
light") EL hawvilngt satbstramny ilsd | yertowédrioy 150mmt €asi 59ndi shrddpth pnin Thiee NSt
part (about 97 o, for exanple) of the exposure light EL is reflected by the
bean1sp|itterfﬁrsan@t¢plun1nates the reticle blind 8 with a uniform
illumnance via the relay lens 7 . The exposure light EL that has
transnitted the apebt (e F@acnch rederieycearh fbiri manséastiringnyethedreficl e
20 blind 8 illum nates the rectangular illumnation area IA which is set
by the fixed ¥e® PEPESBFlAYBAI BN %%mﬁébpélﬂ@ﬁwmeécwmﬂ&ﬁt|aafwrth
unlforn1|IIun1nanc via the reI |l ens 9 bendlngﬁnlrror 10 and the

condenser | en3t98 Clofy qﬁlﬁﬁr |m}n%r§?er8 PEGER ZRGAOPoR dbodt 894SEor

25 | foih t EL that has_t tt b litt
61 & rocel vod By HRESPra CARBORCTRBRPCor S0 151+ BROEGE LR 1 1R Eofteraton.

and i1s phot onl 664 {6: £PRKELS ofl, SLARAL d.3csunRlid o e iml pponLraLl ef

50 (not shown in € nain contro

designed to Cv%"fépl1§nm§§99§urcﬁea%%@ttr‘éﬁtteh itche 15t arén&ftﬂigb)@%ﬁg%éfé%

fromthe light source 1 by tontrolling the Iight Source 1 base

out put ofi ot hemd ¢ & a BB Wb dHRIHD ©1¢Qn S I gtbgke hphger th3rks youpted on
the reticle stage RST, and the reticle Ris sucked and hel d by the reticle
hol der 13. Theilmetitdlesshohdetie Ehbst s gnedace badftimety idy lvenlei Ashydi ng
rotation) within a horizontal plane (the XY plane) , for exanple, by two
pai rs of voi cef cohé pobadtsocadstattivii ngt 18aahr ebird e sdfogesrdre veapostnpn 23
(not shown in Fig. 1, refer to Fig. 2). In addition, the reticle stage RST
i s designed tecdersioagbie it sheexsagesodinpédrnoassabiiehedswihe seapding
direction, in a predeterm ned stroke range, by a linear notor and the |ike
constituting ¥MendeteRi e stage drlve portlon 23. 15 Specifically, in this
enbodlnﬁﬁ% the reticle hol der é is, the reticle R) can, be finely
driven within the X'9PARESHY :trFﬁée téjt‘?l?:i & CSOAGE T £ FONEItENY DRVPAHRIC i s

driven in the, X—aXIS direction_in the rgde#grn1ned st roke

position of the é¥éfﬁgpsuﬁelgpﬁ%5§EP5d %T%T%t%%é?gggﬁgﬁﬁgngEBo%%ter

system 16 vi f gqaé t1Re 0

nmeasur enent 3% ue o# the |n?ef%§%§%e egﬁgfgt %%hgggggﬁ%q%{J%E ?Ee mai n
controller 50nddefditd @ FifraZity berSids a%at%nr at séhglh%geéué@tr@te
noving mrror having a reflection plane perpendicular to the X-axis 25

direction and(w toMiagrdyddOiohapgt Ngaa gefdeactpon, phansRernensb syt atus o
the Y-axis direction are severally provided. In accordance with this, |aser

i nt erferafet ersidortineasfidamgdeheaXeaxiferdaceatraay poattrbonacoeasdingngot he
Y-axis direction 20
the present invention to control overlay accuracy between the
mask and the sensitive substrate.
According to this, since the overlay accuracy between
the mask and the sensitive substrate is controlled by the use
25 of the reference wafer for accuracy control in the present
invention, even with the exposure apparatus using an energy

beam with a short wavelength as an exposure light, where the

transmittance of the energy beam is low and only ultra thin



'‘posi tion, and nmeasuring the yaw ng are severally provided. In Fig. 1, these
are representatively shown as the noving mirror 14 and the reticle |aser
interferoneter system 16. The projection optical systemPL is, for exanple,
a 5 reduction systemtelecentric on both sides, and a refraction system or
a reflection refraction systemw th a projgction magnification (3 of 1/4,
1/5, 1/6 and the like is used. Accordingly, when the illumnation area | A
on the reticle Ris illumnated by the exposure light EL as aforenentioned,
10 an image (pepasticd yel dygtéef Hinpgekeehl aslhecpathey nedobeetaonthhged
reticle reduced by the projection optical system PL by the projection

magni fi cati ons{dplg foansfleimeperitoal aSliiimes bgpednexpasdtihg aheacosrihe
waf er Won which the resist (photosensitive nmaterial) is coated, conjugate
with the 15 id¢tcuraay itgetverera th& mdbé avad erhestsapps tWBT e bydiese greed offr ebky
novable within the XY plane by a wafer drive system 24 (not shown in Fig.
|, refer to Frgfepgncharateonsict shef adarraxamsrgra t wdsdeneasiidhal the
magnetically levitated |inear actuator (a linear 20 notor) and the like. A
waf er hol der BBtESrARNTE® 83 skheapapert sange BT AP the RatsplWiysohel d
by suction by the wafer holder 18. The position of the wafer stage WST is
measured by aShHRFeétr 323! ithieSraSdtetsr Sepstemtel Weith B1ABVFRECMEFBR/ 19
25 fixed on the wafer hol der neasurenen%Sv he mafg%ilaser

18, |
nter for onet Py B PP 1S AR P PR KSR EGnEPORFaresY PFrerite
Fig 2). Herein,,on.the gater,holder J% oAPRYIIGME LRL having g reflegtion
pl ane per pendicul ar o the X7axis direction and a moving mrro

having a refl ect| ' r icular to the Y-axis direction are
9 EEULRE &%&Pﬁ ?ﬁ?}é‘f

provi ded. In accordance wt | aser interferometers for neasuring the
X-axi s dijpection pogdid o, (RAKWINRSY bRemYeaxi Be ik oGl PAsor RASH | Pk and
measuring the yawi ng (and neasuring the pitching and nmeasuring the rolling)
are several | yl1 psovides, dmrFilgset bddigser aread el asenhatbyekbshonavaggt he
moving mrror 19 and the wafer laser interferoneter system 21. Mreover, a
fiducial marktipd atevéMnooh whf ch2@nhi dock@dniOsvanka$ ohrbasecimae laser
nmeasurenment (hereinafter, referred to as a "first fiducial mark" for
conveni ence) l@ama pair of fiducial marks for reticle alignnment
(hereinafter, referred to as "second fiducial marks" for convenience) are
formed in a predet efriHedd posiai e cositadloRf ithef pxeglaw eREURAFEr MAB| der
15 18 such that the surface height of the fiducial mark plate FMis
subst ant it@ | y1REHARE t Gt he S 8Ftf aBBCof Ot heeMF R M NoPE t RERIChel PFRLERT al
mar k FM may behgrov'ded on t.he f.er ﬁtaﬁe VST, @ytther in the exgosuie
éte ofF@

appar at us | 00°"&R* OF FL A3 T 5C e 36 %1 §hiEht °d B BT At TERoP

detecti the_{1] fl ' e f] i al te F
a1 gnrent mar &7 {60 hr B e VYA T o 17 O G, RaTR e BUTSeq i A BAGh ERot

area of the wafere Wi $nbi xedk! QHiNg, $kdseQliefr | s08y Rl r O r dDORIOLREL T ON
optical system PLT Asthewafer alignnent defection 2% system 22, an imaging

al i gnnment sens@whsbased. on the i mage processing nethodis used here. Thewafer
al i gnnent detection system 22 has an indicator, and is designed to supply
t he amoumto of the phisé tormdnts hinvenafiohheattdudial t@rk farf thheiwapet nopr k
22 is a device manufacturing method including a lithographic
process, wherein exposure is performed using the exposure
apparatus according to the present invention in the
lithographic process.
25 According to this, by using the exposure apparatus of
the present invention in which the stable and high overlay

accuracy is maintained for a long period of time, and by

performing exposure using the energy beam with the short



Telative to the indicator center to the main controller 50 as a detection

signal (refer to Fig. 2). Still further, a pair of reticle alignment
m croscopes 12A and 12B of the through-the-reticle nethod are arranged 5
between the illum nation optical systemand the reticle R (note that, in

Fig. 1, the reticle alignment nicroscope 2B in the rear side on the paper
is hidden behind the reticle alignnent m croscope 12A in the front side
(refer to Fig. 2) ) . Herein, as the reticle alignnment mcroscopes 12A and
12B, the i magiage 1&n@th gagerhes engs e t DEgh RIS tPIRCRIMN PRI W | S0
used. In the reticle alignment m croscopes 12A and 12B, a pair of reticle
al i gnment marksafsfér d €inmargs)téon recton shiestestelvel th dndharpaviuefohhe
second fiducial marks forned correspondingly to this on the fiducial

mar kpl at e FM ane shonllaearelaslacastaant ed,ably dod podbngopealkiedr ofstbheeween
both marks respectively corresponding to each other are supplied to the
mai n control | Brespf@re t Heheletlaativmist glsaiqe effehigh EngegZptipngcan be
schematically shows a constitutl,ion of the control system of the exposure
appar at us 2100 aCctigeed r vl tBygperh vdedd, camst itiR &F etk Ty t BN e n
controller 50, The in controller 50 is constituted by including a
so-cal | ed nmi ctPTOHpUter (or a work station) that consists off: a CPU (a
Central Processing Unit) ; a ROM (a Read Only Menory) ; a RAM (a Random
Access Menory) and the like, and generally controls, for exanple, 25

synchr onous Sﬁﬁ%ﬁgﬂ%@%ﬁﬁ%'?ﬁff@ %’??é%&?sw steppi ng of the

waf er VJ, exposure tTnmin n perform accurate

exposure operation.pRpeci fi caldhy s AbnbR8 1T SholBRgSSaPBLEY: BYPOSH! §¢ for
23 exanple, the main controller 50 respectivély controls the position and

the speedoof iMexpekuskensdase 3dcapddling vakeri srgao¥®Indhe, tileyhethcl e
stage drive portion 23 and the wafer drive system 24 respectively based on
t he measur emesdcwedeecdntfol He basEbrinatieh{ el oivd ef reyshremeclGagng 2drsuch
that the wafer Wis scanned in the -X direction (or the +X direction ) at

t he vel ocity atcimadBXxorff B0l sa¢derging ecd i Ohe nagaséntatnoantionyt he
reticle Rto the wafer W via the wafer stage WST synchroni zing with the
reticle R scanned ifighe2+Xdiaebilipok XDigaram hech¥mdiieefilyn)shawire a
velocity of Vr=V via the reticle stage RST. In addition, at the time of the
st eppi ng, thecomihl Eont el Plra serrbrtt o3 ¥s e pbsiihe otRPSEhe WPeFakEage
WET vi a %Lge waf er. drive system 24 based on the neasurenent value of the

| aser i nterfetoneter ]system 21. 15 Further, in the main controller 50, at

the tine of the afoﬁcerren{s' erdascalnanr; n‘?. exposur e thﬁeaboevffee- desccri be
exposure amount is atf usted 8r Goperthgl tFBstRy"6BEr &For e THE holabF e

reticle blinddsoomd dd edeSyNElE il dindhd h OPEEALL 08p1 1 OfMBLEoN; oL the

stage system 1n or to pr r a tdrget exposure anount

det ermi ned i ns@cecosgance; W thr exposugL, condi tions and resist sensitivity.
Next, description will be nmade on exposure processing sequence where the

circuit patterns orrifiesanebicle Rare wsequensd akby at hangfond @df 98t @réng
plurality of the shot areas, 25 in which the patterns are already forned on

t he waf e0W mettied iof) tdre tdeef ex@nideolwadiear athioom dah the.mBRnaadnFigl| 8B; 50.
Firstly, in the main controller 50, while nonitoring the measurenent val ue
of the reticle | aséfignteiber gistreview showing a sample of the reference
wafer on which a large number of shot areas are formed;
Fig. 6A to Fig. 6C are views for explaining a reference
wafer manufacturing method according to a second embodiment,
25 and Fig. 6D 1is a view for explaining a reference wafer
manufacturing method of a different type, where planarization

is performed to the reference wafer completed at the stage

of Fig. 6C;



'24 system 16, the reticle stage RST is noved to a position where a pair of
the reticle alignment marks fornmed on the reticle R can be respectively
detected by the reticle alignnment m croscopes 12A and 12B, via the reticle
stage drive portion 5 23, for exanple, to a vicinity of the origin on a
reticle stage coordinate systemset by eagh neasuring axis of the reticle

| aser interferoneter system 16. Al nost sinultaneously with this, in the
main controller 50, while nonitoring the measurenent val ue of the wafer

| aser interferoneterigyst em 40 dwchdrer wafoeri ngt ageeM&Idiseibved at Qe@ice
position where a pair of the second fiducial marks on the fiducial mark

pl ate FM can hendéisectethdymdtiend eldocirelialg goneind graycoscapeentaAnandnd2B
via the wafer drive system24. Then, in the main controller 50, a relative
posi tional 15 detecfion dfism gpdillowofchalrd sdoonddf itdecbabcraskagonnt heep
fiducial mark glate FM and a proj ection inmge of the corresponding reticle
al i gnment nmarke4onft hedwafer surface, that is, a reticle alignnent, is
performed by using the reticle alignnent mcroscopes 12A and 12B havi ng the
exposure IBight EL as an 20 alignnent |ight beam Next, in the main
controller 50_ whil ni fori t he .,neasur ene val ue of the wafer |aser

i nterferonet epeﬁfstéﬁggl, ke 'Ei’lﬂ%g@u%ﬁ‘lt € ﬁjd?/‘éﬁnlt&od"posi ti on where
the first fiducjal rk on,the fiducial mark plate FM can be detected 25 by
the wafer alignheht® deTReIT SR System 22 via the wafer drive system 24,
based on a relativerposyti f@i‘io&z%g“ qn f(iars@e%n%&’iﬂe%eé.?ﬁtx‘f’\‘ﬁgr‘pEQSent

optical axis (the centér of an exposure aréa conjugate W

i 11um nation anea): obn thel PiY eeldcd he £ BaQRY 64 F%.Stfrgﬂpi 1d 4t hepygf er
al i gnment detection system 22. Then, in the main controller 50, the anount
of the pag tip%he'ir’(&tfitcaqflty BRobI$lcdnistuaiali b K dreleRplos® ricOapPEratus
i ndi cator center of the wafer alignnment detection system?22 5 is detected
by using the wafercalrodnaens tdet®ictdtoambyat #an22.n Whdchhe dasey ot agbunt,
which is the positional relation between a projection position of the
reticle patteis mawf armst &gt benngeat exfafende welfar falri goremtcgetect roh
system 22, is calcul ated based on this detection result, a detection result
10 of the relat¢t9oedpositd dhmanasent favehtilesn .abBhe- depesibedapeaietes
alignnment, and the above-described design value. Specifically, the base
line measurenmef? i3 PeFFHRMHER | PRI PreditR? T2 Mot e (2 haP~Ehbl dseCRPRENY
measur e t can be perfornmed 15 sipmultaneously with the above-described
"3 £hhesedt v K ke

reticle gnTETPRA SFERBFRIAraCandre ¢dr g8 WL GarPhl g

fiducial mark,plate), on ich the first fiduci.al, mark.and pair of the
Coaond 11 duci Bl gue bask gt f udPEr ' o sBiRiR v ER AR aRaP2kE BOvid

such that t heyyGany Dok Ipasopshy: DRASHLEL Dind ey 20 -eakabnalhopaegl

detection syst and a palr e reticle allgnment mcroscopes

12B respectivehy, xisxUsegi pscthenfigyeci 8k gurkepl ahg FMnbobertbaton on
preparation work for the above-described fiducial mark plate FM the

reticle alignoeapapthebrse. L) Dendb prassEarEthandt i beelR ket asps deseetibed
in detail, for exanple, in Japanese Patent Lai d-Qpen (Unexam ned) No.

04- 3249220andohhe each esipondinga Unnt oSt ahsr Pat ent No. 5, 243, 195. As | ong
as the national laws in designated states or el ected states,

The exposure apparatus 100 comprises: an illumination
system including a light source 1 and an illumination optical
system; a reticle stage RST as a mask stage holding the reticle
R; a projection optical system PL; a wafer stage WST as a

25 substrate stage holding the wafer W; and the like.
As the light source 1, herein, an ArFexcimer laser having

an oscillation wavelength of 193nm or a pulse light source

that emits a pulse ultraviolet beam such as an F, laser having



1 26'to which this international application is applied, permt, the

di scl osures cited above are fully incorporated herein by reference. Next,
in the main controller 50, the positions of three 5 search alignnment nmarks
(not shown) fornmed on the wafer Wnounted on the wafer stage WST are
sequential Iy measured by using the wafer alignment detection system 22, and
a search alignnent is perfornmed in which the positional error relative to

t he design value of the wafer Win the directions of X, Y and 8 10 is

cal cul at ed baskes ceritihe tieasuseseshgt B 1157Nat £ré hated.hensear ehn @la gapent
is described in detail, for exanple, in Japanese Patent Lai d-Qpen

02- 272305, anelk¢imecdrasespaadiing thet esk St bdesoPatantl Nyt 1H 0 £151 3nk58nd As

|l ong as the national |laws in designated states or elected states, to which
this 15 intertla i bhied repplbeatsen as appl leght peourte the di scl osures cited
above are fully incorporated herein by reference. After conpletion of the
search al i gnment, iThe hélAamanesaenol drticGol siyetwarl ets nmokspdgidtieshsbpf at
| east three shot areas being sanple shots selected froma plurality of the
shot 20 areasiBFE dEdBurdd bylusiRgthenwavsten hgwmeemg dot eeamnskyrieem 22,
whi |l e contro{/}airglﬁgé tge rﬁ<gSi tion of the wafer stage WST based on the
measur enent valtiEeor P WRFEFNPEL S GhiteF e rohetein it e svst eanowhine

tiall ing the wafer stage WST hased on a designed shot
a1 rangerant dhLl 0T CEP K BOCCL AT 35 St oo il R e T BY T

h ali e, i ne, aljguent th | gbal
a1 Lgnment | (B Ao NGO RS S o Ve Unot ChPfaRgafehtY dat a

by statisticalycalgid ati ophy sbhe theast- ﬁgygﬁgfa%@%rgéfsgtiv%%%ahe

neasur ement val ue and desi gn coordi nate da ot arrangenent . Note

that theial i ghimpil met-hadngk chhe FGReMBh0En 585 deSGId Bedai Pedetal!pl {04
exanpl e, in Japanese Patent Lai d-Open No. 61-44429, and correspondi ng the

Uni ted Stat es8 5sRBat entuinatidiB@i6ld.stA% ;| #BEnads nghel Mmadd 00ala dewdeh fer
designated states or elected states, to which this international
application ikerapplli;edndpehri 1ikehe Th sdliosuees ,cithed rabhdveeabeihdl 8yis

i ncorporated herein by reference. Next, in the main controller 50, the

waf er stage WSMSIOLirtemval a of ket arati gl stlarind@losition foraamexpdsure
of a first shot on the wafer Wbased on the above-descri bed base |ine
neasur ement r&dsal R1apRl dend acesfd 2okl ithke firpm alqogimsmte Phape xdkative

f or egoi ngasc nni n é%xposure i or.ne noving the reticle stage RST

and the waf er-$t%a W\B‘fnsfiHElﬁgS g‘Eu IV‘%%%%Q%%C&HHH Rgsd? rerdtaPidenxi s
gih{)tecz)i’lotn)hé a%]edréuhree &l esrenctoifng} haen rieflilfnkiena J‘Eosn tarJ?ganﬂ rl%jrrr?ené Oor% htq'lef: st
reticle R, and of a movable reticle blind 8B arranged at the
conjugate plane relative to the pattern surface of the reticle
R in the vicinity of the fixed reticle blind 8A, and has an
20 apertureportionwhere the positionand thewidth corresponding
to the scanning direction on the reticle R and a non-scanning
directionperpendiculartothescanningdirectionarevariable.
The movable reticle blind 8B is designed to be controlled by
a main controller 50 (not shown in Fig. 1, refer to Fig. 2),
25 which will be described later, via a drive system 15. 1In the
main controller 50, for example, the illumination area IA is

further limited via the movable reticle blind 8B at a starting

timeandanending time of a scanning exposure (describedlater),



‘wafer W Next, in the main controller 50, the wafer stage WST is noved
(stepping) to the scanning starting position of the next shot at l|least in
X-axis direction for a second shot exposure, 20 and the above-descri bed
scanni ng exposure is perfornmed to the second shot. Thereafter, in the main
controller 50, the above-described nmoving;gperation (the stepping
operation) between the shots and the scanning exposure operation are 25
sequentially repeated, and the pattern formed on the reticle Ris
transferred otiies eaghoshpé 86 eanoinhbee¥w8hiey Mbobyibheist ppeandtsgan met hod.
As descri bed above, when the exposure on a slice of wafer 28 is

conpl eted, wafer extemgesis perfgitresmdyni mehetotoadethsystens{sos shown)
and an exchange nechani smon the wafer stage, and then, the above-descri bed
al i gnnent pr oces pilveg oetllsededrchcahvgnaieot anicenidret f | weiahi ghsrenrta)l laad &he
exposure processing 5 are repeatedly perfornmed to the wafer after the
exchange. | n Ihee@EkpoRUSENGHFar 46 usr 100Jed oans flerargimi swl oreoipclicagapathn
onto a plurality of wafers is repeatedly perforned as described above.

Si nce overl ayP kG PeRR VIR HHRE Pet | R IRIQIRABTIE PR RéIBRStCAtELsl bERE he
waf er Woccurs with HaSSﬁ e %g of tine due to tenperat%ne change or

at nospheri ¢ pPeesl eMeRA gﬁ, nd Sot¥E AT ot} PEcEUPR iR da teni ke nadtRor
factory where éhergffosu$§ g@g rat us %00 i$ install ed, as descri bed above,
each kind of FHttors that’b Fthe ¥x%tof5 for the overlay error is
strictly controlle t he . 1 he e r.15 for.accurac
control . As the fg%:étyoerls#’t oé{%er%)lncgrpo f?ﬁ%yfﬁ%%‘%&%%@o?e?%%%%%g \S/\%?%?mf or

accuracy cont{oheskek peXaPlsr1 A &Hgg;% {1088k %}rl%:lt?f E%hkgno(fa {he.,

projection optical systemPL (for exanple, a distortion), rrangenent of

the retigbe paddwy no SRoEtLd aNTLLhed QHO sbhe eaf 8's mhhattd $e Bilc 2ent
arrangenent characteristic of the shot areas, a stepping accuracy of the

waf er stage, tdehposptienal istedtabetvieen s haesbosmadteasinq@néridee Bi kedqare
cited representatively. In the follow ng, description wll be nade for a
ref erence wafér flhve deserabganon® ricd odmeregitreaf fogr theebptiedlt bnasgeat aaf er
25 for reference") according to the present invention used for the accuracy
control of thelagposlkenipphier dsadhdofandxndaurexpeseieadppear atetesrednd

its manufacturing nethod. Fig. 3A shows a plan view of a reference wafer W
accor di ng to as an “exposure light”) EL having substantially uniform

15 intensitydistribution. Themostpart (about 97%, for example)

of the exposure light EL is reflected by the beam splitter

6, andilluminatesthereticleblind8withauniformilluminance

viatherelaylens7. TheexposurelightELthathastransmitted

the aperture portion set by each blind constituting the reticle

20 blind8illuminates the rectangularilluminationarea IA, which

is set by the fixed reticle blind 8A, on the reticle R with

a substantially uniform illuminance via the relay lens 9, the
bending mirror 10 and the condenser lens 11.

On the other hand, the residual portion (about 3%, for

25 example) of the exposure light EL that has transmitted the

beam splitter 6 is received by the light amount monitor 20

for photoelectricconversion, and its photoelectricconversion

signal is supplied to the main controller 50 (not shown in



'29 to the first enbodi nent, and Fig. 3B shows an A-A |ine sectional view of
Fig. 3A. The reference vvafer WL, as apparent when Fig. 3A and Fig. 3B are
uni fied, conprises a substrate (wafer) 51 consisting 5 of silicon or
synthetic quartz, and a thin filmb54 nade of a predetermined first materi al
is deposited substantially on the entire gyrface of the surface (the upper
surface) of the substrate 51. As the first material, material such as
silicon dioxide, silicon nitride, polysilicon and the |ike having | ow 10
reflectivity Figcanpaeifeents Biy met)al ahe msed,caitdr@l far S0 asedebbyhag t he
low reflectivity (a first anplitude reflectivity) is fornmed by the thin
filmb54. In the cooltlrodi ag eadgscnigd boounthel fh rdte ateatist depghésemt edias t he
first area 54 using the sane reference nuneral as the thin film 15 In this
case, as showhrom thiegl i@ s@ugicgr iyt gotoal lingtiis légbs)soirck i dededr eas
52a to 52d are provided in the first area 54. In each divided area, mark
areas 531 to FBARAreUproyi@ede higktormoarbanonhtwki ¢R-a plurality of
marks are fornmed in the sane arrangenment. These mark areas 531 to 53n 20
are fornmed by a sec%ﬁ&tﬁﬁﬁtl&]il‘é]rde%? é)?a{ﬁ?)‘P%te‘?ré{nth&ﬁFJerlq @ﬁ@é’tee%ST

I d dded
(hol es) of & T} %‘?ﬁﬁ%ﬁ%ﬂﬁ&g FOFTRR  # HaT oF TR TRERCIT ﬁ??, ex
form ng the’clyi 1833 528 L0 520 Thel ef ol £ %éc<§1l ALK AL e85, 530148, 5%n

have high 25 T&fl ec i Vit y (secon anp |tude re and 1

reference patfﬁﬁé‘lﬁ&lrﬁ&r gtqfon h%kﬁ‘x{ﬁfa 31 22 %}%“#1% ﬁhé{)@{'ﬁéné}”face

anplitude reflectivity an ar eas oW Nng

description, the JdBihoRd eae%/ t%% pai3d be 23Rcar @oEQ'x‘nSE&kgeé&!nQ’@Hﬁglﬁé
"mark area 53" as appropriate. S| nce the reference wafer W is used for

accuracy jgontg dletfiail d ke aafeoveidesgbirbednpr9j eedt WhEXPASUEFE gappar aé gsr 100
and ot her exposure apparatuses, for exanple, other exposure 5 apparatus
used in the sameFsemaonduet addimanvhactuei rgtliche asatheRPTojeciiéongned
exposure apparatus 100, patterns suitable for accuracy control are actually
formed on thetodrek smeeaecs3inSphei X iapald yirevtaldrgnmrichmaskta sedening
alignment mark) for controlling the alignnment accuracy of the projection
exposure 10 appeeatien, dmarkr¢drtompsied i ndtke apngRmeRY sAlpearamabek for
measuring the distortion (amark for neasuri nget he alignnment shift) to

measure the ARY GG bAKBICUNEE brdf g ithie SpELEAR %%?%rﬂrtlﬁ’ft ppﬁél@%p%%ur e
t h d.th d,. Note that t
the alig r‘r?eﬁtss%%a‘?ﬁ%?\?e]rjrybénlégfﬁr‘?ﬁrg SRGLTT 5OF Farer oA P b BhEe

wafer W, the; s ecg%&erte g surf aee f%etlgedfr'ﬂn%% @E%?ﬁlﬁéltﬁgd%(%hﬁlg#éf ace
of the mark area m or I"eéss. n, manuf acturin t he
ref erence waf ﬁ%s p%%% on ~Fi AAt )
Firstly, the }?Yr%?e \aneeﬁélMltehltéﬁC il %ﬂlg%dl ) dgggs:zgedgggb?tsaﬁf:fggn égnt]'sl%

entire surface-ofis h&lﬁé@@ié@tﬂn%e%lﬂe@@@é@aﬁﬁédtsvﬁoﬁ@tgah@é (resist) is
subsequent|ly coated on the entire surface of the first area by using a

resi st coating 25 urid dosicoaire)f t(hetrsbowhe R herasidredswlhshrateidle
where the resist is coated is |oaded on the wafer hol der 18 of the
f or egoi n@Oexpbssre appar b usnd0d; syt an rled ivdlee & novishgomny rbor 1#héixed
reference wafer (a special reticle on which a pattern of the
on the reticle holder 13, and a measurement value of the
interferometer system 16 is supplied to the main controller
50 (refertoFig. 2). Herein, onthereticleholder 13, amoving
mirror having a reflection plane perpendicular to the X-axis
25 direction and a moving mirror having a reflection plane
perpendicular to the Y-axis direction are severally provided.

In accordance with this, laser interferometers for measuring

the X-axis direction position, measuring the Y-axis direction



'31 reference pattern is magnified and forned) is |oaded on the reticle
stage RST, and the pattern of the reticle for the reference wafer is
reduced and transferred onto the substrate 51 based on the step-and-scan
nmet hod as descri bed above. 5 Accordingly, the inmage of the reference
pattern is transferred and formed on a plygality of the shot areas (the
four shot areas in this case) on the substrate 51. Next, the substrate 51
to which the exposure is conpleted is unl oaded fromthe wafer hol der 18,
and devel opmepdsisidf), pend ofidReu byngStRE Pariengl opaeptvenhll(apdevelener)
(not shown) . Accordingly, a resist inmage of the reference pattern is
formed on thels@iback dhetbarsubsprasenbdtidhen shetehd Hghpmaoessy ndrksr
performed to the substrate 51 to which the devel opnent processing is

conpl eted by U4iagd 1&hanretchlaglaset {nbérShoemptent Bysthe d6rface of the
substrate 51 is exposed. Subsequently, the resist left on the surface of
the substrate to wilkd Pheletehongoprbcassisigtien ddnplst etby sexamplied by
usi ng, for exanple, a plasm asking apparatus or the like. 20 Accordingly,
as shown Pn FFeLUaniof iy TG ftedeea s licsopop el Bl he agid patefbrcEhen
substrate 51, where a partial area that ultimately becomes the mark area 53
is removed anWStEBnthavR Eﬁfﬁ??ﬁﬂ%@'r? r3oF hel. SEpkePiVehll §, Ppaieer iPRg of
the thin filmon the surface of t substrate 51 is perforned 25 in this
manner to for%??%bp¥??g%o%rga‘§2 ?Zévi E%helé%n8§§%'ﬁﬁ?tﬁé e53'S pafedand

th th f t at . { h i Fi.g. B
Lhere) on thensuclace sl (i st ottt (2, e s aeln [RELge 45, o
of the substrag eiﬁ]@urhﬂ%%gg%ttbﬁeféﬁﬁés@fgalﬁéhpy’ﬂﬁpg%t§fof’§r98ﬁfé£b 8401

CVD. (3) Next,a predeterm ne | anar1 zat1 on processing, for exanp

(chem cah omechanigade PQ igHHtG 15 iaRRIARG tiaalle sur taeepatebrhhecthba 55,
and the mark area 53 nmade of the netal or its nitride is ?orned in the
concave portiem ©3¢ reticBhovedudedilgy e proidésicaseptibgl phkasaemzati on
processing is perfornmed by the CW such that the step between the surface

of the first lyemddbraieddtiensnabaceiobtibe park ras et oms 208mor 10
|l ess. Note that, as the planarization processing, it is acceptable that a
processi ng i sskeaedl edxpheneet kaest epn beheeagfer W on which the resist

(photosensitive material) i1is coated, conjugate with the
15 illumination area IA.
The wafer stage WST is designed freely movable within
the XY plane by a wafer drive system 24 (not shown in Fig.
1, refer to Fig. 2) that consists of, for example, a two
dimensional magnetically levitated linear actuator (a linear
20 motor) and the like. A wafer holder 18 is mounted on the wafer
stage WST, and the wafer W is held by suction by the wafer
holder 18.
The position of the wafer stage WST is measured by a
wafer laser interferometer system 21 via a moving mirror 19
25 fixed on the wafer holder 18, and a measurement value of the
wafer laser interferometer system 21 is supplied to the main
controller 50 (refer to Fig 2). Herein, on the wafer holder

18, a moving mirror having a reflection plane perpendicular



the surface of the first area 54 and the surface of the mark area 53
ultimately beconmes 100nm or |ess, preferably 50nmor 15 |l ess, and such
processing is not limted to the above-descri bed CMP. For exanple, as the
pl anari zation processing, a planarization processing is acceptable in which
SOG (spin-on-glass) or the like is coated,pn the filmb55 after it is forned
and the SOG is etched back. Otherw se, as shown 20 in Fig. 4A the

pl anari zation can be perforned by allow ng tungsten (W , for exanple, to

be sel ecti vel yo deposideds an reke iconsRN e MEVIHGRS 3 r Phvihg sSubsieat eohl
where the first area 54 is formed by using a selective CVD unit. Next,
descri pti on wlanbeameadian lidret actchs e xdentt oec2bonfatdi@rexpadsdr.e In
apparatus 100, which is perforned by using the reference wafer W

manuf act ur ed ascdedancded thbokes, Ansempieneséereach eref £oemeea spatitrgr hhe
formed on the above-described reference wafer W,, that is, mark information
33 regardi ng ozkisodsrecbbedi pasetighuedeasnd Inonehe df hexb$ dhecontien
alignment mark, the mark for alignnment shift nmeasurenent, the mark for

di storti oR meRR%itehent aaddNedTUT IR tihe ¥rELPrat(@ny heasyr ead fhausi hghi he

waf er alignnment detection Skfgstem_zz (or other coaqrdi nate neasurenent

units such as®Bfh BRATEET dthet Aot @ TG SRdiETatld YmPAQTiEdeht  dRi £ 39 of

th t 100 dit . t t o t d. Th
act ual | accur aby BT 1% O FHE SIS APV ATuE 100% ECBaPPo BB Ae 2

foll ows . SpegﬁéiﬁﬁéI%?Eiﬁggégﬁ%s%?ﬁg¥ggg§§%¥&?hggs£€ﬁ reference wafer W,

for exanple, Tnthet e"reference wafer WL after

coating resist is I R, theiwaben 1Mol ders 1 ke #0d 8ntasicH gl Eehe béljf/i ng
(to 6@ t narﬁ"

a mark for alignment shift measurenent called as a "tes or

conveni enge) hiak fEkes R Paide Wb urRecnef eheneenkrRat t ecrersevetsl by
formed on the reference wafer WL, that is, the mark for alignnment shift

measur enment, & s flieadesi @ncide maeki“ct €r hehdenh ikdcaAndnd kepai exFosudecial
processing is perforned as described above to overlay and transfer the
pattern of thearks for reticle alignment (hereinafter, referred to as
“second fiducial marks” for conveniencé) are formed in a
predetermined positional relation, is fixedonthewafer holder
15 18 such that the surface height of the fiducial mark plate
FM is substantially equal to the surface of the wafer W. Note
that the fiducial mark FM may be provided on the wafer stage

WST.
Further, in the exposure apparatus 100, anoff~axiswafer
20 alignment detection system 22 for detecting the first fiducial
mark on the fiducial mark plate FM or an alignment mark (a
wafer mark) as a positioning mark provided in each shot area
of the wafer W is fixed to the side of a lens barrel of the
projectionoptical systemPL. Asthewaferalignmentdetection
25 system 22, an imaging alignment sensor based on the image
processingmethod is used here. The wafer alignment detection

system 22 has an indicator, and is designed to supply the amount

of the positional shift of the fiducial mark or the wafer mark



test reticle onto the reference wafer WL . The reference wafer 20 W to
whi ch the exposure is conpleted is unloaded fromthe wafer holder 18, and
devel oped by the devel opnment unit. Accordingly, the resist inage of the
test mark is formed on the surface of the reference wafer WL.. Next, by the
use of the wafer alignnment detection syst§?125 22 (or the optical
positional shift neasurenent unit such as the registration neasurenent
unit) of the exposure apparatus 100, a relative positional relation is
measur ed bet weenaeagd t6&fenencedpaster nconttherpetgeengenvwabetrrdiandsphe
34 corresponding resist inmage of the test mark. And, the overlay error of
t he exposure appardétsciOon antighae drsterttonrvgl ue)of the projection
optical system PL are cal cul ated based on the nmeasurenent result.

Accordi ngly, accuratylitbrtumdiheagf, theabrexposurielappadghnent0ficsosnabkead.
Note that, as the mark for alignnment shift neasurenment nmaking the pair, a
met hod of usihp aamdrkZBadf etha Hokcughbolkenaekictereprlesdnsnei ¥eryngeded.
In the case where such a box-in-box mark is used, for exanple, a square
mar k patt er n ROt WeeRLHENHL Do Rt BONPRGisResS Yt eopRed s rehécl effefenEe
pattern on the reference wafer WL side, and on the reference pattern the
resist imge of3thet &9 nar kEPELTRFHCEE B GUNIE T MUF SBmARS d#Bed nj Ehe

formed. The positianal shjft between fhese patterns.is asyred, ., 15

At ornati vel VECat [ PROGES AP 18 DI TCBRITE h Y B8 et fedl BATBSER ¢ he
ref erence waf t . €S icle, .and, th | ent ,shi ft . between

the patterns ﬁ%@y%%gﬁgaégﬁ%és k%%gg#%gisﬂ%%tﬁ%eg gv%ggg?-rﬁ 3}0n§efﬁénfour
hot 52a.t f f j

shot areas 52g, t@lesl%gt*ﬂ:@e O 1B O M%fﬁc%ﬁegfqg}ﬂﬁéﬁa ¥, TheCAUGIRENCE

20 of expl anati on. wever, since a large nu ot areas are

on the wafper Wihahehs At lof Wsedi hAgEhersest songdutdodanufaehur i ng
process (hereinafter, referred to as an "processing wafer W as

appropriate) thé teitscdes Iiaggineerithat caokabgesnurbend ol eshopaakeasrat ecier med
identically on 25 the reference wafer W,, as is with the processing wafer
W Fig. 5 shoabsigmexiamdekof (tdtel alef eraarics) Viafrerecownwhiihehretdblkargend
nunber of shot areas are fornmed. On the reference wafer W' shown in Fig.
5 thirty threecshotofirdas Stcond Bduekad onaelds £@6néd totadspamdingly
reference patterns (the reference marks) ML to MS are forned at five
posi tions in ¥QFRES CarthElfeaiaEBra&P fdre FYAs eoTimHdRnsgivis 1y dat aabedhe
shot cenE r. For exanpl e, %'constitution is made such that these reference
patterns 2R MR FESEaS vELF TRl R§EVERE aPPGRneRB T Kar kEGRRPet1Vely
posi ti onal measurenenty! i X AN oShegchiong bt 18090 el 3 L he, 2l ppuent
shift neasur en®nt AT K9 PP et
50 as the detection signal (refer to Fig. 2).
Fig. 2 schematically shows a constitutlion of the control
system of the exposure apparatus 100. This control system 1s
20 constituted centering the main controller 50. The main
controller 50 is constituted by including a so-called micro
computer (or a work station) that consists of: a CPU (a Central
Processing Unit); a ROM (a Read Only Memory); a RAM (a Random
AccessMemory) andthe like, andgenerallycontrols, for example,
25 synchronous scanning of the reticle R and the wafer W, stepping
of the wafer W, exposure timing and the like in order to perform

accurate exposure operation.

Specifically, at the time of the scanning exposure, for



Wth 'this constitution, arrangement error of a transferred inmage of the
reticle pattern by the exposure 10 apparatus 100, that is, error regarding
t he shot arrangement characteristic, magnification error of the projection
optical system PL, distortion, stepping error of the wafer stage and the
l'ike, can be controlled independently for,gach shot area by the use of the
reference wafer WL'. 15 Note that the exposure apparatus 100 has the
arrangenent error of each shot and the distortion error of the projection
optical systesdthpleyenhahraihheonefreneree swafess McRiceardi dgnt fot Hethe
enbodi nent is manufactured. Therefore, when the reference wafer W is used
for accuracy ponitiobn aghd hkeexposdref 2hcappadallesst80e RIT ishdedier abFert hat
the positional error of the reference patterns (the neasurenent marks)
formed on eacstaje W waaktlee eati3lenst hgerdf ere poe tiane? 3\dind $heona fek| ed
as an offset. O course, the reference wafer WL may be manufactured by

usi ng ot her eIPUEUry sdHTnedt GesreekieranpPase@Pmrhexpesarsenppar velisessed
in the sane manufacturing |line as the exposure apparatus 100. In such a
case, sinPl arct o-lithe Fstedsited f aroned edesivisdime tfapnchd lpsyrhi habf tach
reference pattern fornmed on the reference,wafer W is nmeasured and  the 36
posi ti onal er"Ffb{e]bfW &ScACPREEF M ENFar e AT EST EBRL FOF I 4 PhEeet ipnsht

based on the neasurenent 'result te fhat }‘he image formn
&g

t . e .
char act eri sti?t 3% NELBFE{FHcPF o BtV 1) SPEnPREY 6518 ‘H%g%ﬂf-bija?rbi%’ﬂng
crars _ ( ( o . "
s dest rabi o TRAl THe Basiian o it wEbef BFTRLE B iEpErbei gL
accuratel y measued, angd 4 %qi&qqsttweogekie&é% dSa 000 1l lkad 8% @D OLf 564

Not e that an accuracy control nethod of the exposure 10 apparatus is

di scl osedoi n det aile -kodiexatpbg) 4t vlrPFease iRt sRtv)-al §i1QPeAecNPeticle
07-99148, and the corresponding United States Patent No. 5,798,195 and the

i ke. As | ongstasgd ReTnat Tanaddiaven,| atdese gnated rstihé e Ppialectad wiahes,
to which this international application is applied, permt, the 15

di scl osures aidredrabloae B ecdntt tol s ndor porsat etohes £i thdywa tder enege WST
descri bed above, on the reference wafer WL of the enbodi nent, since the
step between Tk the aderofiriie smpkemrdh BEathednt hbesnesageenent heabuder
area (the first area) 20 54 is 50nmor less, uniformcoating of the ultra
thi n phot or es?istthft I#eek hitkekar Jree®outYDESMm - | ess is enabl ed, which

has been gifficult gn conv,entihonal .reference wafer. Specifically, in the
ref erencé waf er W, Udf)tgbe]?'eﬁnsF Eolﬁf‘?ﬂgc%lﬁ%?%ﬁ%%ﬁﬁi (,atgéfg‘eoélﬁlﬁt afnkle even
in the case where fhe 25 éaaotoresist i's re%uired tq,be c%%ted_ [tra. thin,
because the coating unevennest2aused by *PhE"Efeps dies cfv%c‘g?ﬁ‘(?rl €

Theref ore, tr&eg@éﬂee%%a@@é C18 %Bﬁgreetaeo@ug?ggagg%ggggggﬁgg?ﬁgtg%{?igP' y

accurate reference wafer I n an exposure appa aser

beam havi ng tiiee wakeliengtieof c IS WM {decdd ke Pled k%yr?@‘k@@&rﬁ’f?ir‘&é gt yhere
the resist filmthickness is required to be controlled at about O |~m or
| ess, withoutopedt (i AG Fohea@X PASH & happasaé usy 1m0 ihher N F thasesv beam
20 the wafer W a target exposure amount determined in accordance
with exposure conditions and resist sensitivity.

Next, description will be made on exposure processing
sequence where the circuit patterns on the reticle R are
sequentially transferred onto a plurality of the shot areas,

25 inwhichthepatternsarealready formedonthewaferW, centering
on the control operation of the main controller 50.

Firstly, in the main controller 50, while monitoring

the measurement value of the reticle laser interferometer



5 havi ng the wavel ength of 193nm as the exposure |ight where the resist
filmthickness is required to be controlled at about 0.3mor |ess.

Mor eover, since the reference wafer WL is the one used for accuracy control
of the exposure apparatus 100 for a long 10 period of tine, periodical
cleaning is required to renove adhered du§%], contam nants, and the like
generated during the use. Accordingly, each material that constitutes the
reference wafer W is required to have chem cal resistance to the cleaning,
particularly,systacilb clt@enragicle stegd Ryefier epcedwed e p¥tiefi ohh@here
enbodi nent, as descri bed above, the first area 54 and the mark area 53 as
t he second arzgare doroied dey ivdieng liatewindl salréke fig rexdebhenher est staace
to acid washing such as netal (silicon dioxide, silicon nitride, tungsten,
titani umor theckihkée , respréctivxive dedlegiesunvpxicte, matd alve 20i¢nkent
Thus, the reference wafer W can be stably used for a long period of tine.
I n addition, BIfE@SEPREDVA andadéBr atia ofhe Hetebglss stedeppgai euso1Ddonf

t he enbodi man% is controlled as descri bed above by using the foregoing

ref er ence “wafet’ WPT &€eTPaty ZHactift it tvPrIihtyfh dd@irne) akgthicgls stage
reliability is enabled. Accordingly, with the exposure apparatus 100, fine
patterns can 92°% Jarh%tf%rsr%%ted?]tsc?q;t ﬁ)é’ "Ly DRASHIRPGh ardSoPht FBR BRbLgb®d
overlay accur t 0 | on rio f tine, usin 38 a pul se

ul travi ol et b%%%%f@%%oer On[\f\%tvee %ﬁgsteche%ucﬁ aéi{“ﬁgtl 3§IBng@BﬁP8FEXr‘¢lWéVi ng
t he wavel engt 193n a f hayi.ng, t l,engt f
157nm and theﬂl‘fl?i'e ggl {nﬁgéil undl ngtg:';%lr%%lﬁir%%t 5%? g@plo%urgsng@é%tlggt h]g}t]? in

the above- desgdd befeRabodi MBI .o oS 1PL 0P WS e & PFc L hiRe CASEsYOELR the
reference wafer WL is used for accuracy control of the exposure apparatus

100 used1bor mpnuftestua iy sthgyenafsar i sNabvkedntbed pestbisn thereeh esenee
wafer WL can be preferably applied to ot her exposure 10 apparatus, for
exanpl e, ot hesf Artke exadored fiaheri &Xpostike @ppatiat fisdweidl haskerp exposm e
apparatus in the sane manufacturing |ine as the exposure apparatus 100, or
ot her exposurenfFadatested Sgcome matbiodi erendti ghmeex tnicaoseoped &ahoshdent
of the present invention will be described based on Fig. 6Ato Fig. 6C. In
Fig. 6A to Fik¢B6da il wifehemarfacsuemng? process of a reference wafer
W2 according to the second enbodirent is shown. In the follow ng, the
manuf act uri ng met hdd*t: tRethere? Bh PR 20 e #i FElakldeses betehaked

the d ' . a.. Firstly,. t it terial i i s, ,
Cubst ant a1 | T EORE he ShiTh B0 S SPRREE b T RES LABSIPATS (B BAURIHY t he
[ [ i : h . 1 h bst. wh
he resi st i Snplath B SRR AER R oA AR AT R s st il g

exposur e appaf AtdisnerP0, maRes t BE 18kl Gl oL, shown) %gstt E%,r%fgzlre & af er

is loaded on the reticle stage RST, and the pattern of the reti or the

ref erence waf£rigrimdd@gnsher resk ooted he subsingt el basedie 391 Ofhddiee
sep-and-scan nethod as descri bed above. "Accordingly, a projection inage of

t he referencenjpatdsispdss Fan nati Arem HYwhired i e afxpdwushol sgt rEL s £ase,
it is also desirable that the sane nunber of shots as the shot areas are
formed 526n tdiel gromesslimhtwadfeam W on the substrate 51. Next, the
substrate 51 to which the exgosure is conpleted
Next, in the main controller 50, while monitoring the
measurement value of the wafer laser interferometer system
21, the wafer stage WST is moved to a position where the first
fiducial mark on the fiducial mark plate FM can be detected
25 Dby the wafer alignment detection system 22 via the wafer drive
system 24, based on a relative positional relation (a design

value) between the optical axis (the center of an exposure

area conjugate with the illumination area) of the projection



is unloaded fromthe wafer holder 18, and devel opnent is performed by using
t he devel opnent unit (the devel oper) (not shown) . Accordingly, the resist

i mge of the reference pattern 10 is forned on the surface of the substrate
51. Then, etching processing is applied to the substrate 51 to which the
devel opment processing was conpl eted by using the etching unit (not shown)
until the substrate 51 is engraved by a |ittle anmount. Subsequently, the
resist left on the 15 surface of the substrate to which the etching
processi ng i sosioigd Btewstam remoaved tbiye usafgr 4 DI gexanpl @et&beiphasparagher
or the like. Accordingly, as shown in Fig. 6A, the substrate 51 is provided
where a partial. ar@hethatinultheranely bendmed liche 5y kt B ameaing3 ¢85 teeDVed
and a concave portion 53" is forned. Specifically, patterning of the thin
filmon the seedbiceondl tHel Sulsst rtdtee BT sits fpeucdardenairk rkilstimeneo tbef orm
the concave portions, which should be the reference patterns, on the
substrate 51.in%lgatagaentar sfowds wakieg. adBonaehit] gebgcsiosi Fyebam 22

di oxi de, %ilipon nitride or the like is fornmed on the entire surface of the
subst rat 251 by IHECHS Rt drhenBafpked L gnment ke tasiti gn spmstem 32 .

fornmed, the r e 55 of the 40 thin fjl.mon the concave rtion 53" is
grooved in ai‘%ﬁfi 3@?’1% G EHyr W of i he? s%s??%t%o%lﬂl%r.lgileﬁ}a%%"%hown

en Bocores R0 ©00 406 A o 14 1070 ¢ SR Ut L8 AR Lnq ' R®
detection center of the wafer alignment detection system 22,
iscalculatedbasedonthisdetectionresult, adetectionresult
10 of the relative position at the time of the above-described
reticle alignment, and the above-described design value.
Specifically, the base line measurement is performed in this
manner.,
Note that the base line measurement can be performed
15 simultaneouslywiththe above~describedreticle alignment when
the fiducial mark plate of a large size (a large fiducial mark
plate), on which the first fiducial mark and a pair of the
second fiducial marks are formed in a predetermined positional
relation such that they can be simultaneously measured by the
20 wafer alignment detection system 22 and a pair of the reticle
alignment microscopes 12A and 12B respectively, is used as
the fiducial mark plate FM.
Note that preparation work for the above-described
fiducial mark plate FM, the reticle alignment, the base line
25 measurement and the like are described in detail, for example,
in Japanese Patent Laid-Open (Unexamined) No. 04-324923 and

the corresponding United States Patent No. 5,243,195. As long

as the national laws in designated states or elected states,



'5 1 ess by the foregoing CMP nethod or etch back nethod. Accordingly, the
reference wafer W2 is conpleted. Herein, in the case of the reference wafer
W2, the reflectivity of only the surface of the thin filmis the sane on
the first area 54 portion and on the mark area 53 portion 10 as the second
area. However, since the thin filmis nmadg.of silicon oxide or silicon
nitride having transmttance, the synthetic reflectivity becones the sum of
the anplitude reflectivity on the thin filmsurface and the result of the
anpl i tude reftectliMil ylafs tihe dowrdans bepprarattient Aisnapplied> gadmt he
substrate nultiplied by a phase shift amount of only a round trip of the
thin filmthi ckeesissclacnoral nglted ahothea naria Hred nad rapet el hemraiini By
first area 54, the anplitude reflectivity is different in accordance with
the thicknessreff¢ference of the thin film And, discrinnation between both
20 areas is enabled in accordance with the difference of the anplitude
reflectivity by théVett grimehhedea e dast ridieanb92 dhe tdws dltidans Adcbhdeagl vy,
the mark area 53 can_be respectively used as the mark for positional

det ecti on>or T$RTHAAK1IFBFEREISUTEhENAr ishorent Lerned ongthawgeéergmounted

reference wafer ' as shown in Fig. 6D nmay be nuf act ured when pol i shin
or the Iike i%nft:(i%et Hé%eﬁr%B?%%M g‘rr&n??%geiié?ﬁéﬂfm?#ﬁ?r%fé:%tlﬂlgﬂhﬁhe °
f ft strate 51 is . expased. In thi,s case, it is needless to sa
fﬁ;t atcﬁeo 4?'?%%ﬁbiaflulogem?eelﬁ ST b YT E™ iZ?st a&sea 89424h ?ﬂjeg%%‘?:l%d g
areas 53 is diff ; i I C of Fig.. 6C and
SRS T S b P L L TR SR AN a4 A PR e

TSl e o A AN 0. S THT s W AGAER WIS ARLERY 07 Yave SREd O

the alignnment detection system 22 used in the poSitiona

waf er al Lgnmery kahyullae «eXpesea BRI AbHSudBfehBer MAYEL ENGIdL LLLEAR the
i nspection light used by the registration nmeasurenent unit are 450nmto

800nm and t heedifchreasigement esr @esearideel cont dethed, atf oirhes A 1aym when
the depth of the mark area is in the vicinity of 1/4n times (n is an index
of refracti onJafandwe tPatrerit [Igiddlmdn iGR12B2305 2. )d of hé heo neweb engt g
Accuracy control of the exposure apparatus 100 and other 15 exposure
appar at us i s perfen fddtes dasenitbld. i b, the, 700 egding ohior s ehbok eerta by
the use of the reference wafer W2 (or W2' ) of the second enbodi nent
manuf act ur ed %%W%fﬁ% Qﬁﬁﬁﬂﬂqted states or elected states, to which this
15 international application is applied, permit, the disclosures
cited above are fully incorporated herein by reference.
After completion of the search alignment, in the main
controller 50, the wafer mark positions of at least three shot
areas being sample shots selected from a plurality of the shot
20 areas aremeasuredby using he wafer alignment detection system
22, while controlling the position of the wafer stage WST based
on the measurement value of the wafer laser interferometer
system 21 and while sequentially moving the wafer stage WST
based on adesigned shot arrangement data (wafermarkpositional
25 data) and the result of the search alignment. Then, fine
alignment based on the enhanced global alignment (EGA) method

is performed to obtain all the shot arrangement data by

statistical calculation by the least-squares method, based



As described above, in the reference wafer W2 (or W2' ) of the second
enbodi nent, since the step between the surface 20 of the mark area 53 and
the surface of the other area (the first area) 54 is 50nmor |ess, uniform
coating of the ultra thin photoresist of the thickness of about 0.3.mor

|l ess, is enabled. Therefore, the referencg,wafer W2 (or W2') can be put to
practical use as a highly accurate reference wafer in 25 an exposure
apparatus where the | aser beam of FZ having the wavel ength of 157nmis used
as the exposuse thghheahotehontrendlioa and exPoOsyh ecappainbts wheseot henkaser
beam of ArF having the wavel ength of 193nmis used as the exposure |ight.
42 Moreover, shocetdmngmteart al Noltat thansthé ud Esgrithent efetlernt @ fvaher E¥R (or
W' ) is fornmed by using raw materials such as silicon dioxide, silicon
nitride or theethke ilsadéngreixedliredetshémftat exesipdeante Jepaaecisé Masbnng,
the reference 5 wafer W2 (or W 2gﬁican be stably used for a | ong period of
time. In partl%uliaﬁpefasN%hcﬁM“rﬂ g angDcorgespenddingr sheeUnated $Ratesnpst
of the surface of the reference wafer W2' is the silicon substrate itself
and silicon dfd%¢de N&-buti &P oty | nA§rra]ICPn%r 88s.thrhuBatifepd ilews tine
filmstress on the 10 (%ubstrate surfac«igand it i s advantageous, that there

is little feaf®oFIRPePosPERORAI SR f £16£TESch SF@Y€SsccdrFi n J(ﬁfé t Pt he

stress deformat.i on ssomftedvm th.th e§ grnformatl,g In,addjtion
0

since the overtsy MClPEey 26P1HHE tdpostf 6'6%’61?%?“% télr“?ddjo?‘ﬁ PSREPDsur e

apparatus is o] 9‘9!1 b 5 ng r

accuracy cont(?g?é%fék#] %%%u?g%i a#él cﬁ %ﬁ]@ %S P éég%fg\ﬁcg'
Accordingly, by usijgd hel@xtp&é%&@p@a{@%wlépos@ndtﬂ@ewéféﬁ st18€ wst
patterns can be transferred onto the wafer Win high resolution stably fo

a | ong peni odi ®fmdtd®,tMER ahe iRl $€atthtihavieket ibeamu20aaf eRp880FE of
wavel ength such as the ArF | aser beam havi ng the wavel ength of 193nm the
F2 | aser beam Hauwistigshbe savengifer W based on the above-described base
line measurement result and the result of the fine alignment.
Then, the foregoing scanning exposure is performed by moving
the reticle stage RST and the wafer stage WST synchronously
15 1in the scanning direction (X-axis direction), and the pattern
of the reticle R is transferred onto the first shot on the
wafer W. Next, in the main controller 50, the wafer stage WST
is moved (stepping) to the scanning starting position of the
next shotat least inX-axisdirection for asecondshot exposure,
20 and the above-described scanning exposure is performed to the
second shot.

Thereafter, in the main controller 50, the
above-described moving operation (the stepping operation)
between the shots and the scanning exposure operation are

25 sequentially repeated, and the pattern formed on the reticle
R is transferred onto each shot area on the wafer W by the

step-and-scan method.

As described above, when the exposure on a slice of wafer



of 157nm .or the like is used as the illumination light for exposure. Note
that, in each of the above-described enbodi nent, 25 description was nade
for the reference wafer having a plurality of shot areas (the divided
areas). The reference wafer for accuracy control according to the present
invention is not limted to this. Specifigglly, the divided areas are not
43 necessarily formed on the reference wafer for accuracy control according
to the present invention. However, it is desirable that the reference
patterns on the caElererned, waftrr anehdirsposied par ftommear byogonalfeaxesadetThi s
is because it is necessary for 5 controlling the shot arrangenent

char act eri stigystemdadittshoown)i andache vthahee aleohendesori bed vwenfexds heot,
description was nmade on the case where accuracy control of the exposure
apparatus is P toered-syabsvagdereribedraehicnmaitepracessdnag tthe sharch
present inventjon, in which the ArF_10 excinmer |aser, F2 laser or the like
is used as t helESRRRE @Nd Qh? %Jdlﬁ* é‘él%ﬁ@néﬁpﬁﬂéaﬁth%ﬁxpéﬁ@éeopmﬁ@siaitégent
invention_is not limted JtoY Further, in each of the above-described
enbodi ment, tHe® poeFEd bR 1%%1]6 0%‘?‘2 £ Ellé?e‘ff?gﬁra?%‘?rtﬁ@er grePange - waf er

Won which th Kk d 15 Ho he
of “each mark may beHorY c%esao%h??habé?a?sus"fiﬂ ST STege, che raatele "

performing d %ﬁ@@f‘f‘?%nt%ly At FLENCE as?fﬁgf@f?c%g ngégtwf P &%ﬁ@med

i nvention ca prefera 1ed he con over ccuracy, the

control of thgs ${LRPINMGLEBULACY 9&&@%«@% 4295 phge2d ERE'LéPPé‘Jﬁ

shift between the shot areas, and the |1 ke of” an exposure apparatus t

uses a |ight sot&en that teei §80t | 2 HRIOREENG: £ Or URGHATAY Mew 19£§§a<§@gl on
(the wavel engt h between about 120nm and about 180nm), for exanple,

krypton donerof asee duavidigeiperasakkloiiange yedenesghbrot p]xlé@yﬁr(é%ﬁaﬂl@éﬁr )
25 or an argon diner laser (Ar2 laser) having the oscillation wavel ength of

126nm not tcamendtiler armrddus fagiops ess w esaet cotyudtaop £4hat o ey wise fe
bright ray (g-ray and i-ray) and the like in an far-ultraviol et region.

44 Even in thee@s@osvareappagrposul @0|ighimstalilrglt he daseriaed| nged, band
region as the exposure apparatus 100 of the foregoing enbodi nent is used,

not |imted tPHh&IAFOodxERFEPLPaklr?t HeaeREMd hehd actios sr épar Ehe 2verbave, a

har noni ¢ may be
y error is strictly controlled by the use of the reference wafer

15 for accuracy control. Asthe factors tobe controlledby using
the reference wafer for accuracy control, for example, an image
forming characteristic of the projection optical system PL
(for example, a distortion), an arrangement of the reticle
pattern image transferred onto the wafer, that is, an

20 arrangement characteristic of the shot areas, a stepping
accuracy of the wafer stage, the positional shift between the
shot areas, and the like are cited representatively.

Inthe following, descriptionwill bemade for a reference
wafer foraccuracycontrol (hereinafter, referredtoas a“wafer

25 for reference”) according to the present invention used for
the accuracy control of the exposure apparatus 100 and other
exposure apparatuses, and its manufacturing method.

Fig. 3Ashows aplanviewof areferencewafer Wl according



5 used as the illumnation light for exposure. The harnonic is generated,
for exanple, by anplifying a single-wavel ength | aser beamin the infrared
or visible region oscillated froma DFB sem conductor |aser or a fiber

| aser with an erbium (or both of erbiumand ytterbium doped fiber
anplifier, and by 10 converting the mavelgggth of the | aser beaminto an
ultraviolet light by using a non-linear optical crystal. Specifically,
supposing the oscillation wavel ength of the single wavel ength |aser is
within the rabgehef firSdenbodinddm, @and eightis babwenirca-Ravingstheional
generati on wavel ength within the 15 range of 189nmto 199nm or a

t ent h- har noni esehavi ngig he3fgenerati on wavel ength within the range of 151nm
to 159nmis output. Note that an ytterbium doped fiber or the |Iike can be
used as the single Wewetehepenoscidfat iwh, | aseappinentdewhahl ¥igi n3Ahendase
where the exposure apparatus 20 uses the |ight source having the wavel ength
in the vacuunfigt PBALS el Fiedl ogoBpEhsas & fiebaboyee dosdeirhddf tansiatihaser
(wavel ength of 157nm or the like, a gas environment in the vicinity of the
above- descri bRt Feticte QU ayeEirtihedua et ai tynefat Helnaf bimsb4geadaoeft o

mention a Iightd%%}h of,thhgxgosure 25, lum nous flux in the projection
optical systemb %ﬁﬁ¥%%q i PFO%aB%f?@éF“%ﬁ§ﬂ9ﬁ1W%%FUB§t986P§ééd 8y gas
exanple, 1 ow BBSGEH Vo YA ehch s el V< ar GO Ao Gen L2 C 4508 FE on
or a concentratii eg . et in_the vicinity.of the
waf er stage a%& t é9$%F?5|e§§§§5g¥9{%§§%9§i%ﬁ%@ %§§8r%81b%u%%€€r%h weh a

partition wald;surdoundingdnhgt £ -PEE| RISIYs 2nd-dhe nignsi de Ofe %Q%iﬂg,][i&%i on

wal | needs 5 to be replaced by the gas . 1n addition, 1 n the case

supporting t hesel s¢aoest W i RS Al estal e thaakir-egusaddgasnhydrpstatic
beari ng that exhausts the above-described | ow absorptive gas onto a gui de

surface needsaten beharsirtly asthidie yas hyelf Dsd o vt Peara Ngt i A MAROVEFudé N
t hef or egoi ng enbodi nents, description was made for the case where the
present i nventéDiewasvappl iiedfooneddysthaningn édfoshit e appahat fis11deing
limted to this, the present invention may be applied to an exposure
appar atus of d@¥primdlorpddte fypeti arehi th tdrreeanteyd aof thkef sk ased5
transferred onto the substrate while the nask and the substrate are in a
static state AhdIHE skt Tefspuentrdneyahovedtha shipsfiine
applicatégn of the xqﬁfure apparatus is not limted to the exposure

t

appar at us>f or nmanuf ThddHe SemToituctbri 2 ddvi ce.PRYF2 bxaipl 89U% he
cxposur  aPa s 207 M OSl) SBPLLAG Soan. SxbRRS pmRRLALUS. Lol
O oot LR BSRORd N AT Ealon gl 0L B0 EUORULS
device. - Devdes MW iACLUEERInNBLPOS, in which a plurality of marks are
formed in the same arrangement. These mark areas 53; to 53,
20 are formed by a second material, for example, metal such as
tungsten, aluminum, titanium and platinum or its nitride,
embedded in openings (holes) of a predetermined shape formed
in a part of the thin film 54 forming the divided areas 52a
to 52d. Therefore, the mark areas 53; to 53, have high
25 reflectivity (second amplitude reflectivity), and the
reference pattern is formed of the first area 54 having a

different surface amplitude reflectivity and the mark areas

531 to 535, In the following description, the mark areas 53;



‘A devi ce manufacturing method using the exposure apparatus described above
in a lithographic process will be 46 described next. Fig. 7 is a flow
chart show ng an exanpl e of manufacturing a device (a sem conductor chip
such as an I1C or LSI, a liquid crystal panel, a CCD, a thin nmagnetic head,
a mcromachine, 5 or the like) . As shown,jn Fig. 7, in step 201 (design
step) , function/performance is designed for a device (e. g. , circuit
design for a sem conductor device) and a pattern to inplenment the function
i s designed. toSstepc202 (armskvapndhaddrd N9mstr@Brea 83MEKapprvbehtd0 the
designed circuit pattern is formed is manufactured. In step 203 (wafer
manuf act uri ng st ep)Simcevaherre e rmamy aatferiWigibyndesd Agra cidiapncont esi al

or the like. Next, in step 204 (wafer processing step), an actual circuit
and the |ike farfthrenedova-dhecnabed drojdcthiogr ephpsiFeoappheatukd isand t he
mask and wafer prepared in steps 201 to 203, as will be described | ater.
Then, in stepobldsr ( gepocss rgs sanpiyateeds, a favi evanplassafiflesd espagurhe
waf er processed in step 204. Step 205 includes processes such as dicing,
bondi ng, and PRERXEYFHY YA prerdEpsarst FeM) congurtral mgnufacspspngobine

(i nspection ste a test aon the operation of theéggvi ce, durability test,

and the |ike &Y gekbeerg‘r@rjrﬁfd:.loﬂf EEP A Ee 20PEFE L Uthd OevPRELFENE oRPE BERECaNd

for accuracy control are actually formed on the mark area 53.
Specifically, an alignment mark (a wafer alignment mark) for
controlling the alignment accuracy of the projection exposure
10 apparatus, a mark for measuring the alignment shift, a mark
formeasuring thedistortion (amark formeasuringthe alignment
shift) to measure the distortion of the projection optical
systemthat the exposure apparatus has, and the like are formed.
Note that the mark for measuring the alignment shift will be
15 further described later.

In the reference wafer Wl, the step between the surface
of the first area 54 and the surface of the mark area 53 is
50nm or less.

Herein, a manufacturing method of the reference wafer

20 Wl will be described based on Fig. 4A to Fig. 4C.
(1) Firstly, the first area (thin film) 54 is deposited
substantially on the entire surface of the substrate 51, and
photosensitive material (resist) is subsequently coated on
the entire surface of the first area by using a resist coating

25 unit (a coater) (not shown). Then, the substrate 51 where the
resist iscoatedis loadedonthewaferholder 18 of the foregoing
exposure apparatus 100, and a reticle (not shown) for the

reference wafer (a special reticle on which a pattern of the



shipped oyt. Fig. 8 is a flow chart showi ng a detailed exanple of 25 step
204 described above in manufacturing the sem conductor device. Referring to
Fig. 8 1in step 211 (oxidation step), the surface of the wafer is oxidized.
In step 212 (CVD step) , an insulating filmis forned on the wafer surface.
In step 47 213 (el ectrode formation ste , an electrode is formed on the
waf er by vapor deposition. In step 214 ( Ton inplantation step) , ions are
inmplanted into the wafer. Steps 211 to 2|4 descri bed above constitute a

pre-process fosféhentcespectdme ¢ eRsgr 1 ied hgrdvaf@mdN0Gassbageandnat Be

sel ectively executed in accordance wth the processing required in the
respective stepsicléestaye RBOyeaptietprogessdrh el efet Icidersespreti ve
steps in the wafer process, a post-process is executed as follows . In this
post - process, ré¢fexence wadteepig2Iteduesd sind bramsfenréd sitapkhe thiesvehee i s
coated with a photosensitive agent. Next, as in step 2|16 (exposure step),
the circuit p%ft@ﬁﬁeén0@héhﬁﬁ#¢¢@‘4m@n%©amb@atbnﬂoaﬂuﬁamﬁmﬁb&$im@ovhe
exposure apparatus 100 in the enbodi ments above. Then, in step 217 _
(devel opi Mg stEHT I RKEY eXPEsHER GRPLE LS ried cgepstedprit e Th ist epard 8o eedhi ng
step), an exposed_nenber on a Portipn other than a portion where the resist

is left is remMVeP BT ThihPlEHa 1Y, Of ithae eph ot cr¥easi sEhe ehowT nghatep)

i . i i S renpve
the unnecessaar].yea(sesigttha{st ecraéeh)e gr% Cpkliengsdlbstrate gl .

Next, the substrate 51 to which the exposure is completed
is unloaded from the wafer holder 18, and development is

10 performedbyusingadevelopmentunit (adeveloper) (not shown).
Accordingly, a resist image of the reference pattern is formed
on the surface of the substrate 51.

Then, etching processing is performed to the substrate
51 to which the development processing is completed by using

15 an etching unit (not shown) until the surface of the substrate
51 is exposed. Subsequently, the resist left on the surface
of the substrate to which the etching processing is completed
is removed by using, for example, a plasma ashing apparatus
or the like.

20 Accordingly, as shown in Fig. 4A, the first area 54 is
formed on the surface of the substrate 51, where a partial
area that ultimately becomes the mark area 53 is removed and
a concave portion 53’ is formed. Specifically, patterning of
the thin film on the surface of the substrate 51 is performed

25 in this manner to form the first area 54 (having the concave
portion 53’ here and there) on the surface of the substrate
51.

(2) Next, as shown in Fig. 4B, a film 55 of the metal or its



By repeatedly performng these pre-process and 20 post-process steps,
multiple circuit patterns are forned on the wafer. As described above,
according to the device manufacturing nethod of the enmbodinent, in the
exposure process (step 216) , the exposure apparatus 100 which overl ay
accuracy is controlled 25 with by the refgaence wafer WL, W' , W2, or W
and the overlay accuracy naintained at high precision for a |l ong period of
time is used, and exposure is performed with a pulse ultraviolet |ight
havi ng a shorhivayetehgtfomssdiory s e iidd wlinfaldeonf t48 kupbtrhee 51
exposure, such as the ArF exciner |aser (wavel ength: 193nm, the FZ | aser
beam and theihckediddi shal fbnstaatéaeSpabyesputoebedtpanstépnedronto.a
wafer Wwith high resolution, stably for a long period of tinme, with
excel | ent ovefBaYeatcuwresgde e Aecordiphghyriaahi ghloyrdastsegmat, efio ebremp daj c
device can be manufactured with high yield, thus the E(oductivity can be
i mproved. | NCUSTRIGRemdmRY eaBhenTyalie @kl shinesdrs bealiedet ¢ dfher encéanaf er
for accuracy control_related to the present invention is suitable for
control Iirg the ‘Rerfidy® accuRBeytRE Natk &45Ssuremagparatike mataddairt i ba,
the exposure a gar tus relatad.t t he gresent inventign is suitable_to form
t

a fine patteri oht e&%_&Bﬁ“?_ N h@nca CaV e el £ |5f? a F‘?t%@"l’%dﬁ‘i €19-
P OCESs, when JAMUIGE LN, ke A Y 05R AL A R LILRAIRL 3G L LEU s 10
suitable to mEAWACEMEEs doigihd RhEJ ALY WL AR e nRAYL PE, Be Id @ HRAFL FLP-
area 54 and the surface of the mark area 53 becomes 50nm or
10 less.

Note that, as the planarization processing, it is
acceptable that a processing is enabled where the step between
the surface of the first area 54 and the surface of the mark
area 53 ultimately becomes 100nm or less, preferably 50nm or

15 less, and such processing isnot limited to the above-described
CMP. For example, as the planarization processing, a
planarization processing 1is acceptable in which SOG
(spin-on-glass) or the like is coated on the film 55 after
it is formed and the SOG is etched back. Otherwise, as shown

20 in Fig. 4A, the planarization can be performed by allowing
tungsten (W), for example, to be selectively deposited on the
concave portions 53’ of the substrate 51 where the first area
54 is formed by using a selective CVD unit.

Next, description will be made for the accuracy control

25 of the exposure apparatus 100, which is performed by using
the reference wafer W1l manufactured as described above.

As a premise, each reference pattern formed on the

above~described reference wafer Wl, that is, mark information



49 WHAT | S C>~AIMED | S 1. A reference wafer for accuracy control used for
accuracy control of an exposure apparatus, said reference 5 wafer:
consisting of a substrate having a reference pattern forned on its surface;
said reference pattern fornmed of a first area having a first anplitude
reflectivity and second area having a secggd 10 anplitude reflectivity
different fromsaid first anplitude reflectivity; and a surface of said

first area and said second area is made approximately flat.

15 2. The

reference waf eegéodingcpoatcyicnat (oboadénatdengalioe€) aamil linbewednhs of
pl anarization is perforned on a step between a surface of said first area
and a surfacethe swif¢rsegbhdnmerh tank.ef ehablmarkefardstlegir@Gmandander ,
and nore preferably, to 50nm and under. 20 3. The reference wafer for
accuracy contFoRsutededl nghomary fou ditadiiprsacdspsbaeancanpdatheednke

i ncl udes a concave portion and a convex portion forned on said substrate,
said first ard® aonEiadis hngmeesapedrien Wiinhitgecunlek 225 ggantodetaqriisai d

second area cons'stigg %{a attern form ng material enbedded in said
p

concave porti DS Shi

10

15

20

25

é} %%n%ﬂ Hﬂﬁ%ﬁiqﬁasurement units such as an

optical interferometric coordinate measurement unit) of the
exposure apparatus 100, and its measurement result is stored.

Then, actual accuracy control of the exposure apparatus
l00isperformedas follows. Specifically, theresistiscoated
on the reference wafer W1, for example, in the thickness of
0.1 to 0.2um, the reference wafer Wl after coating resist is
loaded on the wafer holder 18, and a test reticle having a
mark for alignment shift measurement (to be called as a “test
mark” for convenience) that makes a pair with the reference
patterns severally formed on the reference wafer W1, that is,
the mark for alignment shift measurement, is loaded on the
reticle holder 13. And then, exposure processing is performed
as described above to overlay and‘transfer the pattern of the
test reticle onto the reference wafer Wl. The reference wafer
Wl to which the exposure is completed is unloaded from the
wafer holder 18, and developed by the development unit.
Accordingly, the resist image of the test mark is formed on
the surface of the reference wafer Wl.

Next, by the use of the wafer alignment detection system
22 (or the optical positional shift measurement unit such as
the registration measurement unit) of the exposure apparatus
100, a relative positional relation is measured between each

reference pattern on the reference wafer W1l and the



different fromraw material of said substrate. 50 4. The reference wafer
for accuracy control according to Caim3, wherein said pattern form ng
material is an opaque material. 5 5. The reference wafer for accuracy
control according to Caim3, wherein said pattern formng nmaterial is a
transparent material. 10 6. The referencejyafer for accuracy control
according to Claim5, wherein said concave portion fornmed on said substrate
has the depth of 50nmto 150nm 7. The reference wafer for accuracy control
according 15 tortkapon8inghsy<idt ambbenof ichen ©fssaad k.r anspared okrat-eaial
is formed on an area on said substrate that includes said first area and
sai d second aeeaor&f Te expesarecappbenthor 1@ ccanddhe aitsitalr tdecordilng 20
to Claim3, wherein said pattern formng nmaterial is a material having
chemni cal resisfablte pooietdleh exptiinpl By Stam R erence lwaflert eidobasecupacy
control according to Caim3, wherein said pattern formng nmaterial is any
one 25 of silFeemafissanentsipEEdh - niAe¢eedlnghys tEsunaavafPOrtodxafdehef

these netals, and oxide of alum num  10. The reference waferfor accuracy
contr ol aé%0r8§ﬂasure apparatus 100 is enabled.

Note that, as the mark for alignment shift measurement
making the pair, a method of using a mark called a box-in-box
mark is representatively cited. 1In the case where such a
box-in-box mark is used, for example, a square mark pattern

10 of around 20um to 30um squares is formed as the reference pattern
on the reference wafer W1l side, and on the reference pattern
the resist image of the test mark pattern of around 10um to
20pm squares is formed. The positional shift between these
patterns is measured.

15 Alternatively, a linear pattern or a grid pattern may
be formed on both the reference wafer Wl and the test reticle,
and the alignment shift between the patterns may be measured.

Note that in the above description, the four shot areas
52a to 52d are formed on the reference wafer Wl for convenience

20 of explanation. However, since a large number of shot areas
are formed on the wafer W that is actually used in the
semiconductor manufacturing process (hereinafter, referred
to as an “processing wafer W” as appropriate), it is desirable
that a large number of shot areas are formed identically on

25 the reference wafer Wl, as is with the processing wafer W.
Fig. 5 shows an example of the reference wafer on which such
large number of shot areas are formed. On the reference wafer

W1’ shown in Fig. 5, thirty three shot areas S; to S3; are formed



51 to Gaim1l, wherein said first areais formed of a thin filmnmade of a

predeterm ned first material deposited on a portion of said substrate
surface excluding a partial area, and 5 said second area is forned of a
second material different fromsaid first material, said second area forned
on said partial area of said substrate sugface. 11. The reference wafer for
accuracy control according 10 to Caim1, wherein both said first materi al
and said second naterial are materials having chem cal resistance to acid

cl eani ng. 12. ifTheot £l eraant e afafreice pateeracy (€88t FeFcacaeEthAgkdH MOotEl ai m

10, wherein said pattern formng material is any one of silicon dioxide,
silicon nitriMeareufigsmed, ati fane ymosoixisles afn tdease ;mettalthe @odroxd deecof
al umi num 13. The reference waferfor accuracy control according 20 to Caim
1, wherein atpbrbsonsmef ehchaslotiasta anshthrdsksat dcarevond &ogacksmpileanged
on two orthogonal axes. 14. A reference wafer manufacturing nethod to
manuf act ure a2 redrsieHee @il drs fedeastghathatobieot tdteréence palderr oM,
accuracy control of an exposure apparatus, said nethod ~~b"~v3 b.
conprising: ~=oMs xegpectiygly dpcdpgp Pie ddposmentgnar kiwheds pasihdenat a~~
predeterm nedmééé&%er@%i?riina& aor?d % 39?3}:1[_?%3’5 is enabled and the alignment
shift measurement mark.
With this constitution, arrangement error of a
transferred image of the reticle pattern by the exposure

10 apparatus 100, that is, error regarding the shot arrangement
characteristic, magnification error of the projection optical
system PL, distortion, stepping error of the wafer stage and
the like, can be controlled independently for each shot area
by the use of the reference wafer W1l’.

15 Note that the exposure apparatus 100 has the arrangement
error of each shot and the distortion error of the projection
optical system PL, even when the reference wafer Wl according
to the embodiment is manufactured. Therefore, when the
reference wafer Wl is used for accuracy control of the exposure

20 appafatus 100, it is desirable that the positional error of
the reference patterns (the measurement marks) formed on each
of the mark area 53 on the reference wafer W1 is controlled
as an offset. Of course, the reference wafer Wl may be
manufactured by using other exposure apparatus, for example,

25 an exposure apparatus used in the same manufacturing line as
the exposure apparatus 100. In such a case, similar to the

foregoing, it is desirable that the position of each reference

pattern formed on the reference wafer Wl is measured and the



52 a 'second step of performng patterning on said thin filmand renoving a
part of said thin film a third step of laminating a second nateri al
different fromsaid first material substantially onto the entire surface 5
of the substrate including said thin filmportion where said part of said
thin filmis renoved; and a fourth step of perform ng planarization to said
second material, until a first area nade OF said first material is exposed
and a step between said first area made of said first 10 material and a

second area npdeiefosaldesesonsit ed & iwd fdresore paraxiimtehy rolakd 3B
The reference wafer manufacturing nmethod according to Caim 14, wherein

sai d pl anari zahé of fise tpes $@d pRd Hoomeaker dbe sairdsstlen brbveemaa shi fiaageof
said first area and a surface of said second area be preferably 100nm and
under, and noferpirfeclabtycEOnisand andsrs pnovjsaitd drowptth cstlegystém Aay
reference wafer manufacturing nethod to 20 manufacture a reference wafer
for accuracy eenadopsthdt bysmogédaf bFsaéenrasy control of an exposure
apparatus,_ said nmethod conprising: a first step of renbving a partial area

on a surfate of a SUBSEMANEIHFIHALNG I FRE ARGOAIHERON Ehe e saliistep of

depositing a Rgigsf&ég}gggfeoghgt the position of each mark on the test
reticle is also accurately measured and the positional error
is controlled as an offset.

Note that an accuracy control method of the exposure

10 apparatus is disclosed in detail, for example, in Japanese
Patent Laid-Open No. 07-99148, and the corresponding United
States Patent No. 5,798,195 and the like. As long as the
national laws in designated states or elected states, to which
this international application is applied, permit, the

15 disclosures cited above are fully incorporated herein by
reference.

As described above, on the reference wafer Wl of the
embodiment, since the step between the surface of the mark
area 53 and the surface of the other area (the first area)

20 54is50nmor less, uniformcoatingof theultrathinphotoresist
of the thickness of about 0.3um or less is enabled, which has
been difficult 1in a conventional reference wafer.
Specifically, in the reference wafer Wl, good resist coating
characteristic can be obtained even in the case where the

25 photoresist is required to be coated ultra thin, because the
coating unevenness caused by the steps does not occur.

Therefore, the reference wafer Wl can be put to practical

useasahighlyaccuratereferencewafer inanexposure apparatus



transparent material onto said surface of said substrate where said parti al

area i s renoved;
53 nQ"" | film
r ."o~e~~C, ..

and a third step of perform ng planarization to said thin
surface to nmake the entire surface of said thin film-~" ~-
~f,.~.~ approximately flat. 17. The reference wafer

manuf act uri ng nmet hod according 5 to d ai 6, wherein, said partial area on

said surface of
said first step.

said substrate is renoved by 50nmto 150nmin depth, in
18. The reference wafer nmanufacturing nmethod according 10

to Oaiml6, aaiidgneh@onzlz1fagetﬂ1@@aﬁlomv&ﬁbngheawéw:[éﬂ?@ﬁecpf of 5 Tri# td¥ek he

perform ng said

pl anarization until at |east said surface of said substrate

i s exposed, afitike sai dhpl arpvsnati ohght saedet hhedresept I3 1m~tAdc&xpesuUr e

apparatus that illum nates a mask with an energy beam and sequentially
transfers a pastesqubfesaia beasknorodladphyraboty ©f 1jghair akeas aitaout
sensitive substrate via a projection optical system said exposure

appar at us usi Bgnsapoinef ehenespeafce fprazetusavygicanthel Aatcadrdiemgbeem
Caim20 1 to control overlai accuracy between said mask and said sensitive
substrate.” 2 B8

10

15

20

25

ohavhedekpBsHprEcAPpaEat 08 48éBMdRrAgthe exapAlirg, light where

the resist filmthickness is required to be controlled at about
0.3pum or less.

Moreover, since the reference wafer Wl is the one used
for accuracy control of the exposure apparatus 100 for a long
period of time, periodical cleaning is required to remove
adhered dust, contaminants, and the like generated during the
use. Accordingly, each material that constitutes the
reference wafer Wl is required to have chemical resistance
to the cleaning, particularly, to acid cleaning. In the
reference wafer Wl of the embodiment, as described above, the
first area 54 and the mark area 53 as the second area are formed
by usingmaterials having excellent resistance to acid washing
such as metal (silicon dioxide, silicon nitride, tungsten,
titanium or the like), or its oxide, aluminum oxide, and the
like. Thus, the reference wafer Wl can be stably used for a
long period of time.

In addition, since the overlay accuracy of the exposure
apparatus 100 of the embodiment is controlled as described
above by using the foregoing reference wafer W1, accuracy
control of high accuracy and high reliability is enabled.
Accordingly, with the exposure apparatus 100, fine patterns
can be transferred onto the wafer W in high resolution and

good overlay accuracy stably for a long period of time, using



wherein said control of said overl ay accuracy includes at |east 25 one of
controlling an image form ng characteristic including distortion of said
projection optical system and a characteristic of an arrangenent of a _
pattern inage 54 of said mask which is sequentially transferred onto said
substrate. 21. A device manufacturing nethgd including a 5 Iithographic
process, wherein exposure is perfornmed using said exposure apparatus
according to one of Clainms 19 and 20 in said |ithographic process.
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ca] ca] ca] ca] cad et sads ahgakor] calhcsd %adéﬁa]fe@:l %h%ﬁh%h%’% H%@W&KWWWW‘X
XXRAYYZZZ[[[[\b\\\]A T ]]1]1{val gb] Xca] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca

U\/J ca] cajloa] caxjwataa) ca] cal cakaapdal caliral cahen] eabeakealicalaal sapsalsa!l | MV

u_ e abipeh wewid . kfd YER| | 1agew ntecddiea]de alapplacalteal cahcatha] cadma] cal

ca] ca] ca] ca] ca] ca] ca] caV] ca]{ caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal mopq
(rrrrrrrs! sFt"ﬁWH:I}@Q&MW@Z Irje- <& }idohi ek Xea] 14 cajrad zalsal €@ caf catloat ca] c
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15 Next, a second embodiment of the present invention will
be described based on Fig. 6A to Fig. 6C. In Fig. 6A to Fig.
6C, flow of the manufacturing process of a reference wafer
W2 according to the second embodiment is shown. In the
following, the manufacturing method of the reference wafer

20 W2 will be described based on the drawings.
a.Firstly, aphotosensitivematerial (resist) issubstantially
coated on the entire surface of the substrate 51 by using the
resist coating unit (the coater) (not shown). Then, the
substrate 51 where the resist is coated is loaded on the wafer

25 holder 18 of the foregoing exposure apparatus 100, and the
reticle (not shown) for the reference wafer is loaded on the
reticle stage RST, and the pattern of the reticle for the

reference wafer is transferred onto the substrate 51 based
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Accordingly, as shown in Fig. 6A, the substrate 51 is
provided where a partial area that ultimately becomes the mark
20 area 53 is removed and a concave portion 53’ is formed.
Specifically, patterning of the thin film on the surface of
the substrate 51 is performed in this manner to form the concave
portions, which should be the reference patterns, on the
substrate 51.
25 b. Next, as shown in Fig. 6B, a film 54 of silicon dioxide,
silicon nitride or the like is formed on the entire surface
of the substrate 51 by the CVD method or the like.

After the thin film 54 is formed, the surface 55 of the
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10 as the second area. However, since the thin film is made of
silicon oxide or silicon nitride having transmittance, the
synthetic reflectivity becomes the sum of the amplitude
reflectivity on the thin film surface and the result of the
amplitude reflectivity at the boundary between the thin film

15 and the substrate multiplied by a phase shift amount of only
a round trip of the thin film thickness. Accordingly, in the
mark area 53 and the remaining first area 54, the amplitude
reflectivity is different in accordance with the thickness
difference of the thin film. And, discrimination between both

20 areas is enabled in accordance with the difference of the
amplitude reflectivity by the alignment detection system 22
or the like. Accordingly, themark area 53 can be respectively
used as the mark for positional detection or the mark for
measuring alignment shift.

25 Note that a reference wafer W2’ as shown in Fig. 6D may
bemanufacturedwhenpolishingorthelike is further progressed

from the state of Fig. 6C until the surface of the substrate

51 is exposed. In this case, it is needless to say that the
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Herein, in both cases of Fig. 6C and Fig. 6D, it is
desirable that the depth of the mark area engraved on the
5 substrate 51 is 50nm to 150nm. This is because the detection
wavelength of the alignment detection system 22 used in the
positional detection (the wafer alignment) by the exposure
apparatus and the wavelength of an inspection light used by
the registration measurement unit are 450nm to 800nm, and the
10 measurement error can be controlled at the minimum when the
depth of the mark area is in the vicinity of 1/4n times (n
is an index of refraction of the thin film, which is 1.5 to
2.0) of the wavelength.
Accuracy control of the exposure apparatus 100 and other
15 exposure apparatus is performed as described in the foregoing
first embodiment by the use of the reference wafer W2 (or W2’)
of the second embodiment manufactured in this manner.
As described above, in the reference wafer W2 (or W2')
of the second embodiment, since the step between the surface
20 of the mark area 53 and the surface of the other area (the
first area) 54 is 50nm or less, uniform coating of the ultra
thin photoresist of the thickness of about 0.3um or less, is
enabled. Therefore, the reference wafer W2 (or W2’) can be
put to practical use as a highly accurate reference wafer in
25 an exposure apparatus where the laser beam of F; having the
wavelengthof 157nmis usedas the exposure 1light, not tomention

an exposure apparatus where the laser beam of ArF having the

wavelength of 193nm is used as the exposure light.
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wafer W2’ , most of the surface of the reference wafer W2’ is
the silicon substrate itself and silicon dioxide is buried
only in small areas. Thus, there is little film stress on the
10 substrate surface and it is advantageous that there is little
fear of the positional shift of each mark occurring due to
the stress deformation associated with the pattern formation.
In addition, since the overlay accuracy of the exposure
apparatus 100 and other exposure apparatus is controlled by
15 using the reference wafer W2 (or W2’), accuracy control of
high accuracy and high reliability is enabled. Accordingly,
by using the exposure apparatus 100 and the like, fine patterns
can be transferred onto the wafer W in high resolution stably
for a long period of time, when the pulse ultraviolet beam
20 of a short wavelength such as the ArF laser beam having the
wavelength of 193nm, the F2 laser beam having the wavelength
of 157nm, or the like is used as the illumination light for
exposure.
Note that, in each of the above-described embodiment,
25 description was made for the reference wafer having a plurality
of shot areas (the divided areas). The reference wafer for

accuracy control according to the present invention is not

limited to this. Specifically, the divided areas are not
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In addition, in each of the above-described embodiment,
description was made on the case where accuracy control of
the exposure apparatus is performed by using the reference
wafer according to the present invention, in which the ArF

10 excimer laser, F» laser or the like is used as the exposure
light source. The application range of the present invention
isnotlimitedtothis. Further, ineachof the above~-described
embodiment, the position of each mark is detected after the
reference wafer Won which the test mark is formed is developed.

15 However, the position of each mark may be detected in the state
of a latent image, without performing development.

The reference wafer according to the present invention
can be preferably applied to the control of overlay accuracy,
the control of the stepping accuracy of the wafer stage, the

20 positional shift between the shot areas, and the like of an
exposure apparatus that uses a light source that emits light
belonging to vacuumultraviolet region (the wavelength between
about 120nm and about 180nm), for example, a krypton dimer
laser having the oscillation wavelength of 146nm (Kr, laser)

25 or an argon dimer laser (Ar, laser) having the oscillation
wavelength of 126nm, not to mention an ultra high pressure
mercury lamp that emits a bright ray (g-ray and i-ray) and

the like in an far-ultraviolet region.
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10, , !t F1@10%8s®r (hegn and the like referred to above, a harmonic may be
5 used as the illumination light for exposure. The harmonic is
generated, forexample, byamplifyingasingle-wavelength laser
beam in the infrared or visible region oscillated from a DFB
semiconductor laser or a fiber laser with an erbium (or both
of erbium and ytterbium) doped fiber amplifier, and by
10 converting the wavelength of the laser beam into an ultraviolet
light by using a non-linear optical crystal. Specifically,
supposing the oscillation wavelength of the single wavelength
laser 1is within the range of 1.5lum to 1.59%um, an
eighth-harmonics having the generation wavelength within the
15 range of 189nm to 199nm or a tenth-harmonics having the
generation wavelength within the range of 151nm to 159nm is
output. Note that an ytterbium doped fiber or the like can
be used as the single wavelength oscillation laser.
Incidentally, in the case where the exposure apparatus
20 uses the light source having the wavelength in the vacuum
ultraviolet region such as the above-described fluorine laser
(wavelength of 157nm) or the like, a gas environment in the
vicinity of the above-described reticle stage and the vicinity
of the wafer stage, not tomention a light path of the exposure
25 luminous flux in the projection optical system and the
illumination optical system, must be replaced by gas having

small absorption to the light of the exposure wavelength, for

example, low absorptive gas such as helium, argon, nitrogen,
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these stages with a gas hydrostatic bearing, a gas hydrostatic
bearing that exhausts the above-described low absorptive gas
onto a guide surface needs to be used as the gas hydrostatic
bearing.

10 Moreover, in the foregoing embodiments, description was
made for the case where the present invention was applied to
the scanning exposure apparatus. Not limited to this, the
present invention may be applied to an exposure apparatus of
step-and-repeat type in which the pattern of the mask is

15 transferred onto the substrate while the mask and the substrate
are in a static state and the substrate is sequentially moved
in steps.

The application of the exposure apparatus is not limited
to the exposure apparatus for manufacturing the semiconductor

20 device. For example, the exposure apparatus can be widely
applied to an exposure apparatus for liquid crystals where
a liquid crystal display device pattern and a plasma display
pattern are exposed on a square glass plate, and to an exposure
apparatus for manufacturing a thin film magnetic head and a

25 pick-up device.

-~ Device Manufacturing Method
A device manufacturing method using the exposure

apparatus described above in a lithographic process will be
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the function is designed.
In step 202 (mask manufacturing step), a mask on which

10 the designed circuit pattern is formed is manufactured.

In step 203 (wafer manufacturing step), a wafer is
manufacturing by using a silicon material or the like.

Next, in step 204 (wafer processing step), an actual
circuit and the like is formed on the wafer by lithography

15 or the like using the mask and wafer prepared in steps 201
to 203, as will be described later. Then, in step 205 (device
assembly step) a device is assembled using the wafer processed
in step 204. Step 205 includes processes such as dicing,
bonding, and packaging (chip encapsulation).

20 Finally, in step 206 (inspection step), a test on the
operation of the device, durability test, and the like are
performed. After these steps, the device is completed and
shipped out.

Fig. 8 is a flow chart showing a detailed example of

25 step 204 described above in manufacturing the semiconductor
device. Referring to Fig. 8, in step 211 (oxidation step),
the surface of the wafer is oxidized. In step 212 (CVD step),

an insulating film is formed on the wafer surface. In step
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with the processing required in the respective steps.
When the above pre-process is completed in the respective
stepsinthewaferprocess, apost-process isexecutedas follows.
In this post-process, first, in step 215 (resist formation
10 step), the wafer is coated with a photosensitive agent. Next,
as in step 216 (exposure step), the circuit pattern on the
mask is transcribed onto the wafer using the exposure apparatus
100 in the embodiments above.
Then, in step 217 (developing step), the exposed wafer
15 is developed. 1In step 218 (etching step), an exposed member
on a portion other than a portion where the resist is left
is removed by etching. Finally, in step 219 (resist removing
step), the unnecessary resist after the etching is removed.
By repeatedly performing these pre-process and

20 post-process steps, multiple circuit patterns are formed on

the wafer.

Asdescribedabove, accordingtothedevicemanufacturing

method of the embodiment, in the exposure process (step 216),

the exposure apparatus 100 which overlay accuracy is controlled

25 with by the reference wafer Wl, W1’, W2, or W2’ and the overlay
accuracy maintained at high precision for a long period of
time is used, and exposure is performedwith a pulseultraviolet

light having a short wavelength serving as the illumination
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5 Accordingly, a highly integrated electronic device can be

manufactured with high yield, thus the productivity can be

improved.

INDUSTRIAL APPLICABILITY

10 As is described, the referencewafer for accuracy control
related to the present invention is suitable for controlling
the overlay accuracy of the exposure apparatus. In addition,
the exposure apparatus related to the present invention is
suitable to form a fine pattern onto a substrate such as a

15 waferinalithographicprocesswhenmanufacturingmicrodevices
such as an integrated circuit. And, the device manufacturing
method according to the present invention is suitable to

manufacture a high integration device having a fine pattern.
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1. A reference wafer for accuracy control used for
accuracy control of an exposure apparatus, said reference
wafer:

consisting of a substrate having a reference pattern
formed on its surface;

said reference pattern formed of a first area having
a first amplitude reflectivity and second area having a second
amplitude reflectivity different from said first amplitude
reflectivity; and

a surface of said first area and said second area is

made approximately flat.

2. The reference wafer for accuracy control according
toClaim1l, whereinplanarization is performedona step between
a surface of said first area and a surface of said second area
topreferablymake saidstep100nmandunder, andmore preferably,

to 50nm and under.

3. The reference wafer for accuracy control according
to Claim 1, wherein said reference pattern includes a concave
portion and a convex portion formed on said substrate,

said first area consisting of an area of said convex
portion, and

said second area consisting of apattern formingmaterial
embedded in said concave portion, saidpattern formingmaterial

different from raw material of said substrate.
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to Claim 3, wherein said pattern forming material is an opaque

material.
5
5. The reference wafer for accuracy control according
to Claim 3, wherein said pattern forming material is a
transparent material.
10 6. The reference wafer for accuracy control according

toClaim5, whereinsaidconcaveportion formedonsaidsubstrate

has the depth of 50nm to 150nm.

7. The reference wafer for accuracy control according
15 to Claim 5, wherein a thin film of said transparent material
is formed on an area on said substrate that includes said first

area and said second area.

8. The reference wafer for accuracy control according
20  toClaim 3, wherein said pattern formingmaterial is amaterial

having chemical resistance to acid cleaning.

9. The reference wafer for accuracy control according
to Claim 3, wherein said pattern forming material is any one
25 ofsilicondioxide, siliconnitride, tungsten, titanium, oxide

of these metals, and oxide of aluminum.

10. The reference wafer for accuracy control according
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to Claim 1, wherein

said first area is formed of a thin film made of a
predetermined first material deposited on a portion of said
substrate surface excluding a partial area, and

said second area is formed of a secondmaterial different
fromsaidfirstmaterial, saidsecondarea formedonsaidpartial

area of said substrate surface.

11. The reference wafer for accuracy control according
to Claim 1, wherein both said first material and said second
material are materials having chemical resistance to acid

cleaning.

12. The reference wafer for accuracy control according
to Claim 10, wherein said pattern forming material is any one
of silicondioxide, siliconnitride, tungsten, titanium, oxide

of these metals, and oxide of aluminum.

13. The reference wafer for accuracy control according
to Claim 1, wherein at least one of said first area and said

second area is arranged on two orthogonal axes.

14, A reference wafer manufacturing method to
manufacture a reference wafer for accuracy control that is

used for accuracy control of an exposure apparatus, saidmethod

¢ o

N

comprising: g
3%

a first step of depositing a thin film made of a

predetermined first material on a substrate;
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a second step of performing patterning on said thin film
and removing a part of said thin film;
a third step of laminating a second material different
from said first material substantially onto the entire surface
5 of the substrate including said thin film portion where said
part of said thin film is removed; and
a fourth step of performing planarization to said second
material, until a first area made of said first material is
exposed and a step between said first area made of said first

10 material and a second area made of said second material becomes

approximately flat.

15. The reference wafer manufacturing method according

to Claim 14, wherein said planarization is performed to make

15 said step between a surface of said first area and a surface
of said second area be preferably 100nm and under, and more

preferably 50nm and under, in said fourth step.

16. A reference wafer manufacturing method to
20 manufacture a reference wafer for accuracy control that is
used for accuracy control of an exposure apparatus, said method
comprising:
a first step of removing a partial area on a surface
of a substrate by patterning and etching;
25 a second step of depositing a thin film made of a
transparent material onto said surface of said substrate where
said partial area is removed; and

a third step of performing planarization to said thin
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said $ubstrate is removed by 50nm to 150nm in depth, in said

first step.

18. The reference wafer manufacturing method according
to Claim 16, said method further comprising:

a fourth step of further performing said planarization
until at least said surface of said substrate is exposed, after

said planarization in said third step.

<§§> An exposure apparatus that illuminates a mask with
an enerqgy beam, and sequentially transfers a pattern of said
mask onto a plurality of shot areas on a sensitive substrate
via a projection optical system, salid exposure apparatus using
said reference wafer for accuracy control according to Claim
1 to control overlay accuracy between said mask and said

sensitive substrate.

20. The exposure apparatus according to Claim 19,
wherein said control of said overlay accuracy includes at least
one of controlling

an image forming characteristic including distortion
of said projection optical system, and

a characteristic of an arrangement of a pattern image
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A device "manufacturing method including a

5 lithographic process, wherein exposure is performed using said
exposure apparatus according to one of Claims 19 and 20 in

said lithographic process.




