; HH JKe3e2/ LpN6TnR2 8 OCT 2002 DESCRI PTI ON EXPOSURE APPARATUS ANDJ/E(TU&'.) @:
MANUFACTURI NG M CRCDEVI CE Techni cal Field The present invention r 1 402
an exposure apparatus, 5 and, nore particularly, to an exposure apparatus
that is used in manufacturing a mcrodevice and transfers a plurality of

patterns to a substrate in an overlapping manner, and a
manuf acturing a m crodevi ce, which uses the exposure appgﬂmmmﬂlumwmmum
Background Art Conventionally, an &SI IHMstemis used in the

phot ol i t hography step of a microdevice manufacturing process, $tif# as a
sem conductor device, a liquid crystal display device, a thin fil mnmagnetic
head and anEXR@gERHASAPPARAPU 3edl e eMETHeD eR podANEFARPARANGSMTI CRAPERILSEA
pattern fornmed on a nask, such as a reticle or photomask, to a

predeterm ned area on a substrate, such as a wafer or a glass plate, on

whi ch a photosensitive material ITiekdwnd geiotidredsi st is coated. The fol |l ow ng
w Il describe, as one 20 exanple, an exposure apparatus for fabrication of
sem conduct or devices, which transfers a pattern on a reticle to a

predet er mi ned dhct pareesserdn imweafteron Rorldtes oy pon GEx@xpostrapRgppEarat us, a

one-shot exppsure type .expasur.e apparatus of a step and repeat, system 25 is

frgsquent I fr{)fg’ed?oﬁen@aﬁé:ls@e a%ﬁ’d reopeaar} es’ﬁf’s(?se‘f'ﬁe paéf)qael?ansusogt%aaFe Tcle are

sequent i aldsed riansfeenufedtthor diimdiav induadoshnitcaaraas trares fafera via a

proj ection optical systemwhile noving.the wafer step by step. (stepping).

Recent |y, pal‘grcaa%rf%ynéyélg i1 yige % %avﬁepp]aﬂ’ aﬁrhso‘b%/r]}%é) and scan '
manner, and a method of manufacturing a microdevice, which

uses the exposure apparatus.
10 Background Art

Conventionally, an exposure system is used in the
photolithography step of a microdevice manufacturing
process, such as a semiconductor device, a ligquid crystal
display device, a thin film magnetic head and an image

15 pickup device. The exposure apparatus transfers a pattern
formed on a mask, such as a reticle or photomask, to a
predetermined area on a substrate, such as a wafer or a
glass plate, on which a photosensitive material like a
photoresist is coated. The following will describe, as one

20 example, an exposure apparatus for fabrication of
semiconductor devices, which transfers a pattern on a
reticle to a predetermined shot area on a wafer.

For this type of exposure apparatus, a one-shot
exposure type exposure apparatus of a step and repeat system

25 is frequently used. In the step and repeat system, patterns
on a reticle are sequentially transferred to individual shot
areas on a wafer via a projection optical system while
moving the wafer step by step (stepping). Recently, a

scanning aligning type exposure apparatus of a step and scan
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2 8 OCT 2002 system has been devel oped. In the step and scan system a
reticle and a wafer are scanned synchrqnously, thus ensuring projgfhi €E
transfer to a wider area than the exposure field of the projectio H&' éwﬂz
system 5 A sem conductor device is fornmed by stacking nultiple circuit
pattern layers on a wafer. At the tine of executing projection transfer of
circuit patterns of the second and subsequent |ayers to the wafer, it is
necessary Syt lrag digemldeieidredhotImrtde oftep dand us¢apasyeiemal @ eady 10
formed on - i ' i ¢l I € .align
the waf or 3 e rne L dE) T He SERv L onat ettt o appar s fi
(parti cul arto] eft itdre tstasps el repeatidsstanga hbdwaa the i exposignieetdsyst em
for detect] i£ian Nj ticle and a wafer 15 alignnent
system foréfc]gfthgec%ﬁd;ép%ﬁ%{l?o%e%}%jtn%ﬁmm er marks forned on the

i ndd vi dual | ayek sseoomi ddvedwefaer .dalfiere al s efoohed iy pdareiding mhkt Bxpasur e
apparatus, the reticle is positioned in re er,m 0Sjt] on

t he det ectcllorncurlets dr3t ot hleayree}isl cle aal"f%ﬁen]g'nt d]'g%/st{}{e%mn@%gt#e %’g&f]’lpﬁfe&gf

t ransf er r ipyp jdrt jpat teransofemam N-dirdayerpa ftoerexanpl ehe t decahd gament

syst em det ecg s the t;S)ofl tion tof ta}{ waf e marft on_ an éngrggé attecl)y previ ous or
(N-1) 1 ayet™P W Ei T set®XH Ue T o the'Tent'ert of “a 'SHot area 13 added to the
posi ti onaladcdimatnaly anl odn titee vt amsk anhch therchbt pateee2d asrasdpnged
at reference position such that the center of,the shot_ area coincides
wiw;1 t he ?ﬁ‘%efCPo?n tHeE e‘i&%%r”&lacf}? eﬁr}be AT HE Prigfetti o B%?i%%?lggitem and
the patterpi of. t heo r&ligl eches vexposedi t Whetie thettecis) a circuit pattern

| ayer on mhichtﬂimafer 30 mark is not fornedazl t he p?sition ffﬁg waf er mark
on a layer whi ch'§ SCTEER BB SrPIHE T SRFFAVIfig R W et 2 Fb¥ kK Bnd on
whi ch a | atieststwed edndrardpdst foymsh ) hesei nafd ef c tal 4 Blgrinene ds as by

revi ous rk layer") is detected. In the case where aljgnnent is carried
gut usi ng O’F/va‘ik%ﬁle G gh RPEHEEPD CPREFHL DG rﬁﬁa’iﬂ%jr%l ?/n%r%v‘i’%fcﬁr mar k

| aygr as aalgfefiencesyonRvesrs detsddginig abd gntedi s edsote (i heg anmwewt of a
positional deviation) that ise&rﬁgjcfjucgd ﬁt the time of ali nrrentwi s added as
more | ayer®@ufe LPERERLHNRH Ehrduarhj LA XLy PR | UA of2EF T or SREs®s such

an i nconverd€encee thatplieedipperctidecnad ere dspdesaied, thderpostLé onal
deviation increases., Further, in a sem conductor devi rel ated patterns

€,
shoul d notPRtEERRFT 1 4" e FHT R O oﬁ’?ﬁhbl?%y%?%‘?g%tt ®is, the Nth
pattern angetder {dh epatt esn ¢ty Beticle alignment system. At the

20 time of transferring the pattern of an N-th layer, for
example, the alignment system detects the position of a
wafer mark on an immediately previous or (N-1) layer. An
offset value to the center of a shot area is added to the
positional information of the wafer mark and the shot area

25 is arranged at a reference position such that the center of
the shot area coincides with the center of the exposure
field of the projection optical system, and the pattern of
the reticle is exposed.

When there is a circuit pattern layer on which a wafer

30 mark is not formed, the position of a wafer mark on a layer
which is located before the layer having no wafer mark and
on which a latest wafer mark is formed (hereinafter called
"immediately previous mark layer") is detected. In the case

where alignment is carried out using a wafer mark on the
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electrically connected by a contact hole. In such a case, the anmount of
positional deviation between the N-th pattern and the (N 2) patterg s@e.rlﬂmz
be kept to a mninmum According to the conventional exposure appar tﬂu .
however, 15 the (N-1) pattern is aligned using the (N-2) pattern as a
reference and the N-th pattern is aligned using the (N-1) pattern as a
reference. This causes alignnment errors anong a plurality of layers to be
added, so infmtditates laf ipgrevEmuspmesilsi oy detaken refanetd aylereever efd ect ed.

20 To over t hj.s praobl.e e qmrsri Pat ent. i cation No.

7- 249558 asﬁlg‘ c;cr :Bel:l;?g’ﬁngaﬁﬁg@ﬁ%.arpgﬁenta%. Cglgga égél lgglls(?fj%ise the foll ow ng
al i gnnent deatiteodionds s timmatpraodplaadalatt yelod piate ey d layemeentespect i vel y
havi ng al ia%&p&t msllnrokrse ilaave al ready beq(neJ oornr’rtatq1 on é/\]/gfer When 25 there

are patterns in Fhose pl Ural it yaroef Sptaatcf erns which are tel aq'EheJ@IS to a mark
pat® er n t adeb tireansfferaramextausdd gnnmantamairksorofetimnael @ied fgagt ern

| ayers are_detected. Then, a pr.edeterm ned exposure area and a mark pattern
to be trambirT et s A ghed WATr Gabh Tihero baset oh THo- So" Fbor di nat e
val ues of irhereddegnment narks. To position individual shot areas on the

waf er using theFX@i s and Y axi.s thaalt are defined o% he , waf er surface and
perpendi cul ar 'O ot SEFWIHEHK 16V 1He X DA TP R 2r mar k
for Lhe ]j/@dlslca_rrﬁameﬁd%ts‘&rﬂgaq&e Sﬂtgimecﬁ on %&]mﬂ'iri@ofaﬁém,l Aﬂlﬁi@tfdi n]g
to the aforementioned alignnent t hod, e wafer marks qn a plurality o

| yers ar e Srorhs I‘{'cﬁé)& Gt ﬁgﬁiﬁ#fa%)l WG H: 3¥ f2Te of the wafer.

At the tinel«dtexecuty nhraldgiy®my 4 hesrefadte, hdlel S NecasSary ¢os8,
i ndi vi dual | y measure wafer marks on a plurali t% of related | ayers while

movi ng t heM@af@OUH t1He BRSLG AN rdTHi TN Tt KA SEaxG R Nire 3 o T That

is, it is fIpcassar Wi Rt ahaligeniepperatd aminimdhe X- axi al
direction or the Yaxial direction for each |layer, and further, novenent of

the 10 wafFCiRG & P SRR 1P lg © RIS RO ent from
t hies above,tHdeaf 101 efEittd \aneid %llijgﬁf@ﬁtusrm@o&@amee)pr@&t%&@@@ dhat the

time needed for alignnent increases, which lowers the hroughput. When the

met hods of P IATRME K ithe WdhaPHdig et R RS W5 ¥12rtie o ohe
anot her, the «dQssssactionaleshapesriofs thenyad ef1 feiksn f et Rer & nethor glual

pattern layers may differ. fromone another. Such a variation in the

crosssect idritUshadey At ATt tRarke idfiRd s S ihrlgetBF kb RTemal

waveform duddNefon thergeds @ iddderangerd i optfcate L. characteristic
bet ween the individual pattern | ayers, such as reflectance, and this

di4% erence al sOFTREFLWR FHayP RGN TR TRVEFDFFT IS gt

Publication No. 7-249558 and corresponding U.S. Patent No.
5,532,091 disclose the following alignment method. Assume
that a plurality of pattern layers respectively having
alignment marks have already been formed on a wafer. When
25 there are patterns in those plurality of patterns which are
related to a mark pattern to be transferred next, alignment
marks of the related pattern layers are detected. Then, a
predetermined exposure area and a mark pattern to be
transferred are aligned with each other based on the
30 coordinate values of the alignment marks.
To position individual shot areas on the wafer using
the X axis and Y axis that are defined on the wafer surface
and perpendicular to each other, a wafer mark for the X axis

and a wafer mark for the Y axis are needed for each shot
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The exposure apparatus neasures the position of each wafer mark by
observing each wafer nmark using the inmage 25 pickup device of an ?I Bm?guz
system and processing the inage pickup signal fromthe i nage pickup i
with a main control system Here, even though the image pickup signal
waveformis varied, the main control systemperforns the sane processing to
nmeasure the position of each wafer mark 30 wi thout considering a difference
bet ween t lrgresi .gnadicagnsiing s the tafior eresyet 1 qrird meldisanmient mestihed i dtaides

an error origingied froma variatian i slanal yaveformg Thi s grgoq hinders
t he accurate alignnent of the exposure fi of the projection optical
syst em w ttweeatimestaitorarlda, o the2 12002 thte iveaftdrer ef Ao etlean tobject of
t he present. inventi.on to .provide exposur e paratus that accurately and
qui ckly £ rHnSFETS ek agaj’[g(nénreﬁgt "t gtr}’ae rseﬂ %ﬁer’at%polns whi ch & | 3tr%l ity of

patd er n | ayetisyiatuen flor mesch swared vee fieet otk lof orarnufaloing i ingy So@ me atoskevi ce,

t hat uses t he exposure apparatys. Disclosure of, | nventi on According to a
first aspegﬁyeol?s t“ﬁ]llsl[ei W’g‘ﬁﬂ%nﬁ T &S slnpr%ﬁ‘ J%c?xalnanlexp rs%(?tel%{bp% at us,
equi pped wiHeh Ya-airKp ahii vd cani cdet ecitiatg imechiani sm{&3ss Sy ftos ket Betmng 10
posi tional_informatiagn of rk patterns (WWh, . )_constituting an

al i gnnent %rq}]é’r?“é?rghboﬁerrﬁ e W bn %i)éha)ﬁaﬁwlrgse% s p(frur%llrIl&?t\;l of

| ayers (Llxdis]l RR)rdwnvieoral feradya dieen e methd Ther texqan,s wiev apgat ab fisthe

t f tt, f d mask (R) t.o I t | t f th
ol o1 s 1945 POt I GFACSE At BB 190 b U OO SAe L1 e, PR)

based on apg®stdrit ofraetiend by, e nefdeaesidioie ded Bcdhmeh tresdiig s m
(23, 33). The mark-position detecting nechanis e/ié12f3 33). has a one tine
det ect i on 55 &4 MA% RIS 5r1hern3fclﬁ%ﬁ1i%erﬁc‘("n )E3ord 5t Mt Hheous! y
detecting theredad | gt 1®Bided Wite WWroudrgsued over a plurality of

| ayers (L1-L4, PR) on the substrate (W. The exposure apparatus aligns the
pattern on the "fﬁa‘%’k e ®GHeds ﬁ%dﬁ%%ﬁ%e@%fﬁ@u?%d‘ﬁﬁapi%ﬁnon t he
substrat e (We haSEOr ¥y o r@s Wrie efndlatiect i yrdde-anet 1dmel deigeds on
mechani sm (34). 25 According to a second aspect of this invention, there is

provi ded € dtiMod' e hdbith Tt i e 2 &Y P OVEER RYRF T iTRY a

plurality offpat terdis e aarfdthisdr at esUIN 4 v Ovesh appi fige nerees~ First,
mark patterns (Wh, Wwh') respectively forned on a plurality of |ayers

(L1-L4, PRSGH AR RNRDAT 4t FFRT BT HARITE MNdDage grsF IR Sy) of a
p|Ura|iFy.§ﬂgﬂEH¢%d¥ﬁ£6¥ﬁ$ Eﬁékﬂﬁgﬁﬂfﬂﬁ%kérf&“é'ﬁﬁf&ﬁﬁ&ﬁ@@ mRrkopatd Brns,
aqg)pOSItIéﬁ?ﬂaééﬁéﬁéﬁ?é(ggégeégmiﬁgL!é%ié%hdéﬁ pattern layers, such
as reflectance, and this difference also causes the image
pickup signal waveform to change.
The exposure apparatus measures the position of each
wafer mark by observing each wafer mark using the image
25 pickup device of an alignment system and processing the
image pickup signal from the image pickup device with a main
control system. Here, even though the image pickup signal
waveform is varied, the main control system performs the
same processing to measure the position of each wafer mark
30 without considering a difference between the signal
waveforms. In this case, the measuring result includes an
error originated from a variation in signal waveform. This

error hinders the accurate alignment of the exposure field

of the projection optical system with each shot area.
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2 8 OCT 2002 of mark patterns is conmputed by processing the signals of the
plurality of mark patterns (Wwh, Wwh'). Then, a new pattern on at nzﬁa@ Tozmz
of the plurality of patterns is transferred in an overl appi ng nman t
using the positional 5 information of the plurality of mark patterns.
According to a third aspect of this invention, there is provided a nethod
of manufacturing a mcrodevice by transferring a plurality of patterns to a
substrate (W it ars cveadeppisn@meiriact R F sthe aopdsent i iyveRt hanktpat t er ns
10 (Wwh, '): €0 [ ' ' t d [ nt
pattern I%%lfiﬁf%&oﬁﬁpﬂ% su s’?r%@ %%%@%&t?@%l@ui%\gif t he

pl ural ity tofamsfde patdsr rsmi(dAvns Wh'g sulessiate t@medustly alep beradiby neans
of a markposi ti,gn detectin C i (23, ,33) posi i .

i nformati oonfs d?atgteprinurlaﬂX‘?tlﬂ/sgo%@enahfc&ung%’t earr}lc'ls allsm%%%gej? a(%)écfa %&@%?%‘grﬁ%ect ed
pl urality ofmimrddepatdeer nshatThetes achevespatderen aspdramnsserred to at | east
one of pattern |layers respectively forned on a plurality of layers (L1-L4,
PR) on the substrate (W in an overl appi ng manner by using at |east 20 one
of the positional infornatiomicfclidennd wallnwerafiomrk patterns. According
to a fourth aspect of this invention, there is provided an exposure
apparatus for aligning a pattern on a mask with a predeterm ned exposure
area on a substaaierdin@Sdisd NPl s tpl aspdatt yodftiad $ ghiesat t hawi ksthdhe is

plurality of alignnent marks are fornmed on a plurality of pattern |ayers on
t he subst Y St I FRET Ude aéfp“’f%aagﬂs’on%q‘ﬁjg‘?@e(ga‘ﬂé? n? rg‘?‘ﬁ::]t(_exposure

appar at us pd¥d tides detdaieioid e cttni $ior (33 MuB3 aneousdyt det eeyi ng a
plurality of aljgnnent quar ks,  and f30 a processin Enit for conputing
pos ti onalPiftlor TRt oM iRt I ULRT dhr e & Rt er WOt (W& pl urality of

al i gnment @@ &si hasath h aa T RfuhdnOfmet est | Sns st Feral (Wnneat whaeks.
According to a fifth aspect of this_invention, there is provided an

exposure RAHREDT U shst B3 hFa Phttayerdr (gl -L4, PR) have already

been formed. The exposure apparatus transfers a pattern
formed on a mask (R) to overlap at least one of the patterns

15 respectively formed on the plurality of layers (L1-L4, PR)
based on a result of detection by the mark-position
detecting mechanism (23, 33). The mark-position detecting
mechanism (23, 33) has a one time detection or simultaneous
selection mechanism (34) for simultaneously detecting the

20 alignment mark (WMn, WMn') formed over a plurality of layers
(L1-L4, PR) on the substrate (W). The exposure apparatus
aligns the pattern on the mask (R) with a predetermined
exposure area (SAn) on the substrate (W) based on a result
of detection by the one time detection mechanism (34).

25 According to a second aspect of this invention, there
is provided a method of manufacturing a microdevice by
transferring a plurality of patterns to a substrate (W) in
an overlapping manner. First, mark patterns (WMn, WMn')
respectively formed on a plurality of layers (L1-L4, PR) on

30 the substrate (W) are detected. Next, signals (SV) of a
plurality of mark patterns are generated from the detected

mark patterns, and positional information of the plurality
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-6 2 8 OCT 2002 nask to a substrate having patterns respectively forned
on a plurality of layers. First, mark patterns respectively formeg @?WZUUZ
| east two of the plurality of layers are sinultaneously detected, an
positional information of the 5 detected mark patterns is determ ned under
different detection conditions. Then, a positional relationship between the
mask and the substrate is adjusted by using at | east part of the determ ned
posi ti onal of nharkapabherpecods dipgrubed bixphoaspetngofthehpisgnavenvifon,

there is 1th;§Yh£’§i’i@g Sfpr%i’f&egé%’é%‘&!l?ﬂ&ﬁr hihadi atipdya gqagk,wi th an

irradi ati on mto expose a substrate with the irradiation’beam This
appar at us bastannabngaheheaspt dpral oSyshenplorasitul vdnpetskyndetiecti ng a

first k d f . f 15
b rL, ek pabDE PURSLACLE 800, 2. 800Nty IREK " 8)"RL,00, 8-0RRNY caytLace
proBessi nginfAotmbbiodebér hhai pyupasityondl mankopaateonsof the detected

first and second merks, under_differentodetect on; conditions, Briel, .
Description of amnngng F?g. 177 s aPschehat 1 ¢ aiagran1o a one-§hof

exposure tygpevedpdsareeappdraf usaactactiingnyoaonéceatiedinenbyof this
ventlon: ELfcgrk3nd SORUBLLEc A 80 FAELLEIR 09, Deplavayt, of e, areas
pl ate of Fag d&veslappthgmabnnedi agFansof a phershotyexposure pyppeeexgosure
TS Show 0Enchdy bupSBR=ER0E TeRs ahiouaTer MarksS5R oRGFE PRl g 3 i
you e S roFig 3 1is
a schemati gipkanentepadtean Lagexsplpleref PR) on the substrate (W),
respectively. Next, the plurality of mark patterns (WMn,
WMn') are simultaneously detected by means of a mark-
position detecting mechanism (23, 33), and positional
15 information of a plurality of mark patterns is generated
from the detected plurality of mark patterns. Then, a new
pattern is transferred to at least one of pattern layers
respectively formed on a plurality of layers (L1-L4, PR) on
the substrate (W) in an overlapping manner by using at least
20 one of the positional information of the plurality of mark
patterns.
According to a fourth aspect of this invention, there
is provided an exposure apparatus for aligning a pattern on
a mask with a predetermined exposure area on a substrate by
25 using a plurality of alignment marks. The plurality of
alignment marks are formed on a plurality of pattern layers
on the substrate and each include at least one mark pattern.
The exposure apparatus includes a detection unit for
simultaneously detecting a plurality of alignment marks, and
30 a processing unit for computing positional information of at
least one mark pattern of the plurality of alignment marks
based on a result of detection of the alignment marks.
According to a fifth aspect of this invention, there 1is

provided an exposure method of transferring a pattern of a
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the alignnment system of the exposure apparatus in Fig. 1; Fig. 4(a) is a
pl'an vi ew showi ng a conbined mark including a plurality of wafer rﬁéﬁeﬁrﬂ
Fig. 4(b) is a cross-sectional view of a wafer including the conbi r 02
30 in Fig. 4 (a) ; Fig. 5(a) is a diagramshow ng an i nage formed by an
i mge pickup device of the alignnment systemand Fig. 5(b) is 2 8 CCT
2002 a waveform di agram of an i nmage pickup signal of the inage in Fig.
5(a); Fig. (= tis acruss-sdot ihenalny it tepi <t 1§ egpec wal e yraf krped t pona
Fig.6(b) i i . i the jlmge of a@(@% ' ' a)
observed 6331 %agtl%%%? %%%u%'de\tﬁel cfe%@ral’d I g}f C eeflréggf\/\%s\’}se %@m\ged;? gram of an
i mge pi ckiipsigghain aft tlemastmege miitthe @b)rHi gty MA)lagewerass- sect i onal
vi ew depi ct.ing .a waf ermar ortion, Fiqg.7(b). is wayvef orm di agram of an
{imge10pi AT ST e rer ddr et bt it P AR L0 o he
enlmar ged deagrarmd madrek ipmgee ki Gdtgnahined Rigde7 () £ FegenB(a) is apl an
view illustrating a firstmnodification of thelayout. of fer rks in a
conbi nedna#?(t,ecatrfg)q:icg‘?n%(tb])ci%s a ﬁkbes%’ et Hha Or%ﬁ]evf%l\fl\a,a%l%?qgﬁa ncl udi ng
t he conbi nestwadrk thie Magsk &) ;g sB{) ratse apd aad i eved | byshs Atd ngt a
secondnodi fication of | ayput of. waf er rks in a conbi nedmark, and Fig.
8(d)is a cross: Rt &é:ﬁ?ﬁ TG OO ATy LNEOTBRHbE R mark n Fi g.
8(c); 205i g. Elz( @)cdércedp{@n:(oéiaemiitlmﬁspaédmgoﬁ ti & divoekk it Lot j othefeais
conbi ned mark,, and Fig. 9 is a cross-sectional view of awafer jncluding
CoD combi (P WS A SFEOBNE AT AeE G T AEEH o by vt O
illustratidg arfourdthizimstdn cad | tp e aa cOmEthed aikeh afge Fig. 10(b) is a
cross-sectjonal view of awafer jncluding the conbined mark i nFig, 10(a).
Best Mbde ¥ora®tiAthd - t M iHARRIGH URIAT i1y TbEEIRRNT 108 blgal 5
descri pti oy Mdd her o Mam Shdwhow e iier abogdi fERd t ahafbeoRr esent
invention as enbodied in a step and repeat one-shot exposure type exposure
apparatus_ngEFragpquﬁ;p:ﬁﬁﬁpnd mark formed on a second surface
15 different from a first surface on where the first mark is
formed, and a processing unit for determining positional
information of the detected first and second marks under

different detection conditions.
Brief Description of Drawings

20 Fig. 1 is a schematic diagram of a one-shot exposure
type exposure apparatus according to one embodiment of this
invention;

Fig. 2 is a schematic plan view showing the layout of
shot areas and wafer marks on a wafer;

25 Fig. 3 is a schematic plan view of an index plate of
the alignment system of the exposure apparatus in Fig. 1;

Fig. 4(a) is a plan view showing a combined mark
including a plurality of wafer marks and Fig. 4(b) is a
cross-sectional view of a wafer including the combined mark

30 in Fig. 4(a);

Fig. 5(a) is a diagram showing an image formed by an

image pickup device of the alignment system and Fig. 5(b) is
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To begin with, the general structure of a stepper will be discussed. It is
to be noted that as shown in Fig. |, a direction parallel to the 3P$ige# 2002
axis AX of a projection optical system 24 to be discussed |ater i h
Z--axial 5 direction, a direction parallel to the sheet surface in Fig. 1
within a plane perpendicular to the optical axis AXis the X-axial

direction and a direction perpendicular to the sheet surface is the Y-axial
di rection.aAsastiboumiadi&ggam| of nost indgexpbskue bighalEbfenhet édagd finom an
iIIuninatipn op%%gﬁl system 11 is reflected at a beamsplitter 12. The
iIIuninatiohgbp cal system 11 includes exposure source, collinmator |ens,
interference fifigr,6fdy-eyeal enss§osecodonal egiavodgpastangopt weékr

i nt egrator_(honogeni zer) ... and rture sto a sto e 15 _whi are not

oo rar e AP ES et e PRRT LA E 3080 SheflagTble HpE GRS ™

rays, i rayster mdeklikeFidrona) nebbsaryedanp, thel asegebpaokapcteascan

exci ner | aser &KrF xcinmer laser, ArF gxciner Igser,.FZ | aser, Ar2 | aser or
p (e} raa

the Iike), " Fhymofics of 3 WeYafOFpdtapaser YARISOPFSEEP or the

| i ke can bgigsed. ofhehexpasgeeihi ghy. E6(pbpfl ected by the beamsplitter 12
is guided to a mrror 16 via a first rela Igns,lS, a variabl e fi%ld stop
(reticle blind)Fi9- ahéch %%c%nﬁr?%Féﬁe?Ehénﬁ .V¥RE ERBOSHIBY| AgHATEE s
reflected dowawgs gt 25n genegal ¥ yoper peadisubasky byagbemnber ah ifagand

illumnates, a pattern area PA of a retjcle R as sk pl aced reticle
stage 20 mP%ﬁkH%a?fQH%%i?grﬁ1V?F%ﬁ1%%ﬁEelQi518' ﬁ%?céﬂaeﬁégr ?gﬁz 7. The

reticle bl jRdedflai§edr hoagedmadr atROSihbga ﬁQBkUFaEQgthtmﬁ payt ennpf or m ng
surface of the 30 reticle R Accordingly, the illumnation view field on
the reticle R chh9beBsat by @hBh nGleRel $1Y8CEABIEHapetdF Sthe openi ng of

the reticlgoQlEpdatddonThe Eﬁéi9é§?§tagﬁ wOrks maranged LocBRbined

t wodi nensi onal | y novabl e on the Y pl ane perpendicular tg the 2 8 OCT

. . : g
2002 optiBarkaxpRAAKigs BHe) pidj RcEFORSOPEFrEAPNaysVeRT22TaRdWaTrght | y

rojgtabl e ahoutqiRg PRLI c8hb8xES- myPKabheriylroyg) 21 are respectively
attached to the X-axial directional and Y-axial directional ends of the
reticle stage 2B0i9ta8éf) 5ifntePtePoretlr $1d9shratdRrPargé8SPR9t he vicinity

of the retjgherstageoR0ck0cheSPEGbivebY fiaeert hasesmvahl eofibihens 21. The
novable mrrors 21 and laser interferometers 22 detect the X-axial

di recti onalakd ¥oexFag-dP (deti8nal CpBEPTFBREIBRALNYIPEL PEI 8 ¥PAGE 20 and
the anvuntiﬁ&lﬁaiﬁ?lenelepﬁM§Méagmaﬁﬁumh)FﬁgétbecX:Y pl ane, and detection

signals are input fo a nain control system that controls the operation

of 2Phe entire sFéppep(2) is a plan viéw illustrating a third
modification of a combined mark, and Fig. 9(b) is a cross-
sectional view of a wafer including the combined mark in
Fig. 9(a); and

Fig. 10(a) is a plan view illustrating a fourth
25 modification of a combined mark, and Fig. 10(b) is a cross-

sectional view of a wafer including the combined mark in

Fig. 10(a).
Best Mode for Carrying Out the Invention

Referring to Figs. 1 to 7, a description will be given
30 below of one embodiment of the present invention as embodied
in a step and repeat one-shot exposure type exposure

apparatus.



The exposure light EL that has passed the pattern area PA of the reticle R
enters the projection optical system24 15 telecentric to both si dei éﬁCT 2002
one side). Acircuit pattern on the reticle Ris projected, via the

proj ection optical system 24, onto a single shot area SAn on the surface of

a substrate or wafer Won a wafer stage 25 while being reduced by a
predeterm ned reduction magnification (e.g., 1/5 or 20 1/4). The wafer Wis
pref erably hel dlbybagouuwm thuckhe Aphotasensit¢veranoéraabteppbrasial

photoresi st which is photosensitive t h vel eng range of the exposure
oht Bt e° aperrateed ol o vk e ot BRE G b HekRTSF of gt ot
phot osensidivect ayerpa2hbl Ik twaf e sbagec2b @ans nb¥eofhe paddecW ohoser to

and away fromt rojectipn optical _systemz24, i.e.,. it i s_novable and
(Tl table (90 he s ATt it £ ot o, otV REET et Facehd LT AR AT er W
subst ant i adll yectoide] desdintddit tdre opta bl | tagehé osihveay surface ofh Fhe.

projection optical 30 stem 24. The fer stage 25.1s.construgcted al | ow
Dot menst bribt Hoi by By BT RAL ChL e 260 EDar SRRl L RESE (ARt er he
exposure of-&xtal cditepoiderandfatderéetichep&pehdicespectot bha shagte

shot area SAn_on the wafer Wjs c | eted, therefore, the wafer stage 25 is
st epped sc®tHERCE 185 g%%&#fiﬁiikxég?%ﬁﬁ+@&t shot area SAn is noved into the

exposure field pé shewProhecidon pphdsal osyskpssdie Thent theepiojfeation
transfer of circuit Eatterns on the reticle R iﬁjthe iggividual shot areas

SAtO on t het Tl e W1 SUPERat @Y PRE5CatcdYdbfRel Wi th FRELCEERTaRE Repeat

system Fuséherspyvedt e1m rrois 271 @fiendespecdpvetylasyaedadilo the
X-axial directional and Y-axial directional ends of the wafer stage 25, and

| aser int etPetofiet ePEP2BILF S AT SRyt hARECTi LFAPt y1DFCFRRTGRFEr stage 25

to 10 respectiye) yripceyd hnses mpyabled Mkt &g sadr) TS BRVEPLEcALIrors 27
and | aser interferoneters 28 detect the X-axial directional and Y-axial

di rect i onal"pRSF 2 dhs (Rmeden et Bl s e2PBT BivEe t RECRMOTANELOP) r 0€EET on

(yemi ng anpynén P& RGN0 BIRsNtaedd. 1 oAL | De 28RYBEhreandqydet g6t 1 @prsi gnal s
are input 15 to the nmain control system 23. Further, a reference plate 31
havi ng a retfBEPEeal PHHIRNt TR 8T ef@nkdYPrark ¥RAST et eF@¥EeORRFRY L5KP! ovi ded

on the vafgfost A08e2Sury NEaf, I £f B4 886 L8RNKsh8hUs8dahOedeifEL 1 H8er
reference position for transfer exposure, that is, a 20 relative position

of the ret(RFB REEHeRel 229 erPBf THEIBKPoLBFRLf| B dh et hd for SPEEEI 6F

optical syshem 2de(] & hdPEoRPLscat AxhstAX)vadhe RAstefsrenceagurk is
preferably a mark aV|ng%a | um nous property, and its inmage i s projected on
a PRir of +eEPE|erafhgnheke AR KRS (2edarks) fornmed near 25 the periphery

of the reticle fh¥ia&xpHeups ol eght OB, OPLE LAELSYSHEMRE. beam splitter 12
is guided to a mirror 16 via a first relay lens 13, a
variable field stop (reticle blind) 14 and a second relay
lens 15. The exposure light EL is reflected downward

25 generally perpendicularly by the mirror 16, and illuminates
a pattern area PA of a reticle R as a mask placed on a
reticle stage 20 with nearly uniform illuminance via a main
condenser lens 17. The reticle blind 14 is arranged at a
position conjugate to the pattern forming surface of the

30 reticle R. Accordingly, the illumination view field on the
reticle R can be set by changing the size and shape of the
opening of the reticle blind 14.

The reticle stage 20 is arranged to be two-

dimensionally movable on the X-Y plane perpendicular to the

—-9-



Though not illustrated, a wafer alignnent reference mark (WA reference

meark) is also provided on the reference plate 31. The WA referenc rki
used to detect an offset 30 anobunt (so-called base |ine anmount) ciﬁg&mﬂ' r2§ﬂz
an of fset between the reference position of the transfer exposure and the
reference position of an alignnment system 33 (the center of the observation
field of the alignnment system 33) which will be discussed |ater. The

ref erence qutaite Bhsis prrovifdarthe Jdroj -8 @CTo002at oshetat 2heasdne hei ght

as the surfac f the fer W_A pair of reticle alignnent stens (RA
Systems) 2 U 1o A RN retT TR R ITGEES rA USLTRIE 5T HRYRCt t he
RA mar ks @ the reddpdet iRand dtteandfed ef @reie eX -+t ka bnd i hec Bi sed eramd e

pl ate 31 which has been projected on the RA narks. The reticle Ris

oot £ oned T 1 GHt S 1oy S 1 e St ael S0 e don_ nbaReF erent

si gnal 3 friqmef]ﬂf&hx%%@éﬂﬁlr@ ?a&éta:ﬂatfmﬁédthe wenteicofithecpathern area PA
coincides with the optical axis AX of the projection optic system 10 A
pair of retsde SreticIRdhrte® f%ﬁ%&ed:ta]tv%o\éi‘{?%%sub?%% ?‘ﬁ%baiﬁ\dxﬁﬁ%gsof t he
pattern argp PAW ddepied ielerdts Bachan@tifd@r npite R smeoapsi 3pd of, for
exanple, line and space patterns (L/Saﬁlztter ns) havi ng. predeterm ned

pitches. At rldtg i @ ¥ak S RGEnPIhe 79 cliax bt ttreefieml 15 pattern

area PA arng, 910 s i on-dHansfierdrd dadde2 phoiresd sdmb@yeropnrébee veher W
the imges of the reticle marks RMare formed as |atent inmages on the

phidt or esi stYawirg aROWHown 1 I gt~ . Phaee 1 Arthtdg rRgeso? uFt He? L finde® go

processes, i sieh @5 Vel PRIAMLr &t &Y Ntem VAPOrh Phasen GF o4 he 2 and net al
vapor deposition, and formstreet I'ines STL as wafer marks Wwh of the

i ndi vi dual et komrdfuidi e &IH SHotSEFRRESAN as shown in Figs. 2, 4(a) and

4(b). The waferryard, VW, i B OB L MUK 1045 68Cdsd@YERe ObaBr LAV AEY mark
whi ch has marks of a plurality of |layers conbined, and is used as 25 an

al i gnnent Barad pae evet foke & igin G1e caedl stlotoarert Sanl ofvehemwdfer W
angs the retdfl& R AS SO s Fdds |or L6 &1 SOTENtA SyStem 83,9 t&Pn

offaxis systemis preferably arranged at a side of the projection optical
syst em 24.0THeh&| Fefnieke Ryt am BB Foedet €2 sthanecp@f et her keP YWk bn t he

waf er W and, &he, Wy I el e ences ilg ke ahdheaF&f esaNcen PLidk esddradbesal hgnment
system 33 enpl oys an 1 mage pi ckup system which picks up the wafer marks Wh

and the Wswlitraireorardd aisitheean i wakRr pPedap devikblasratng sadueede
deteCt'Onkﬁ?nggféﬁgégEEIﬁéh reduction magnification (e.g., 1/5 or

20 1/4). The wafer W is preferably held by vacuum chuck. A
photosensitive material such as a photoresist which is
photosensitive to the wavelength range of the exposure light
EL is applied to the surface of the wafer W, thus forming a
photosensitive layer.

25 The wafer stage 25 can move the wafer W closer to and
away from the projection optical system 24, i.e., it is
movable and tiltable in the X-axial direction, so that the
surface of the wafer W substantially coincides with the
optimal image forming surface of the projection optical

30 system 24. The wafer stage 25 is constructed to allow two-
dimensional stepping by a drive unit 26. Every time the
transfer exposure of a circuit pattern of the reticle R with
respect to a single shot area SAn on the wafer W is

completed, therefore, the wafer stage 25 is stepped so that

-10~-



2 8 ocr 2002 detects the wafer marks Wvh on the wafer Wand the WA
reference mark (hereinafter called "FIA system (Field | mage Al ignri8tQCT 2002
systenm)"). The FIA system 33 and main control system 23 constitute a

mat k- posi tion detecting nechanism 5 In the FIA system 33, illum nation
light IL of a wide range froma halogen |anp 35 enters an interference
filter 38 via a condenser |lens 36 and an optical fiber 37. Here, |ights of

t he phot osthsi neyt shotl engehSAange mﬁVEHeiphotbhesengBayérféﬁddtbé

o a0 Bt 5. MILRN PLeC10 LOELUedyLn ST LUE pakhgnibight 1L are

cut. The i atron as passe inte ence |Iter 38
conmes to atrehetentofccbbﬁe¢tipettenss43nvtaearbemslgy§teml39e a beam
splitter 4 r a d_st 4 eyl iku Light I'L

t hat has cgﬂg§gg?£5$ ?ﬁgt #veﬁlgﬁg %?f;g ref egkgggggga BFISHI44

fixed to thecbodencpewnphetaé pbeplandotephetleystbarrel of the projection

opti cal systen1g4£§ngéI%unlg Les; t he ma%he W su stan i.al

per pendi cul arly a |W%Fu8 naf er” efkév 8ﬁt€ﬁgeﬁafer 20

Wis illuntoated kyakhas dhtantmahamnanand aeﬁhécd&debtgbhaRLemdﬁleéted
fromthis géea agcord%ng tg t hat hlunlnatlon s g to gg i_ndex plate 96
via the pri8fh 43 ¢th&*8bfe ?rvénpe 8545 lpﬁngFgP&e £6p %fe mrror 41,
t he beaﬁ1FQkkhh@éd4@naﬁﬂeavhﬁmﬁlsysbfﬁtﬁ5 walieri Bdexyepbat €046 i s arranged
in 25 a plane con te to t waf er Ln associ ati h the ective
or8° 48 DnECERe LR TL coen hBotE BoVAE PRI eohP eia wIng MgrRTene on

t he waf er Mﬁa&eréozmedndn1asémamﬁpateatombnd®w/4@ aktkebe mn@ex plkata 46
shown in Flg 3, Forgfd i,n_the téa E ndom147 of t bndex pl ate 46
30 are i ndSxTREFESPTR ahd Yro&ie g% éPHF e8°8ﬁ§ﬂ8Hée° & f YA&EX nar k
IRcIudes L@@abFHQSHEh&StﬁétamgUFg o] patatheh abawgn@hgmMudknegﬁt@hﬁnﬁs
shown in Fig. t retlecte i t assed the index te 96
i s guided ?gOPHE P géoéh&RHpamfggt 2 gneC%eE g 58v?&8n§ SVP§ealPEP§t

rehgy Ienstgysh@nmégn aoﬁt&bmrs9gtamdza,second relay |l ens system 50. Then,
as shown in Fig. 5(a), the i %es of the i eﬁ mar ks TR and_.TL and t he
i mage of the waf 8F HﬁFk AR S SRERFENRBE 2HEL aVREYi AdEstA&ERs TR and TL 5

are formedagaghhenki ghfereaevinagksurhage refrehbe maREs BisCluRvdeedcend4.

the wafer stage 25. The RA reference mark is used to detect
the reference position for transfer exposure, that is, a

20 relative position of the reticle R to the center of the
exposure field of the projection optical system 24 (i.e.,
the optical axis AX). The RA reference mark is preferably a
mark having a luminous property, and its image is projected
on a pair of reticle alignment marks (RA marks) formed near

25 the periphery of the reticle R via the projection optical
system 24.

Though not illustrated, a wafer alignment reference
mark (WA reference mark) is also provided on the reference
plate 31. The WA reference mark is used to detect an offset

30 amount (so-called base line amount) concerning an offset
between the reference position of the transfer exposure and
the reference position of an alignment system 33 (the center
of the observation field of the alignment system 33) which

will be discussed later. The reference plate 31 is provided

-11~-



The i mage pickup device 34 is arranged such that the direction of its

hori zontal scan lines SCL coincides with the direction that crosses both
edge portions of a plurality 10 of mark bars WvBnm of the wafer meplg g 2002
The individual pixels of the inmage pickup device 34 store charges
corresponding to the images on the light receiving surface along the N

hori zontal scan lines SCL under the control of the main control system 23.
At this titmebscH tdrd mpmsf henghtts 49 1thm matifacd ightthe weter sWat t he edge

portions of ea \r r Ther ef or.e, e _ano of light incident to
t he pi xels cor %;éégln%ioﬁg 5% (rag &t glegng%er tiosr?}sst‘beecso n%tﬁ%‘?rg%); %%a?r? he

i mages of ltdwmtedelpord itdres m@rte dloy rfed d&haksr KRP$istonss 7B ddiee ¢ ihdetxe mar ks
TR and TL @are ilJum nated w.t.h 20 1 he flectied light RL at_the back, the

i mges of ema}rn]%isexonrrgtr & T and aaﬂcgecaklesgi}} o?‘??é%‘%{éc%laﬂl"l’(r}bo‘?rfi%h%. By
aver agi ng mecfadk g asl eofe @ Icolhunh dfapibeadrs puo et anbrdn cathe dRX esdtlofn. t 0
the horizaqptal scan lines SCL .on the, light, recejiving surface, the ]ight
recei vi ngojﬁﬁagree JscrhfS Fgﬁost S | csolrf\}ﬁ}tt%e\ﬁ "E%‘”afhg iﬂﬁ%er%trjc si gnal
SV as showtddge F®Orbasatmire mdadgirdmdnt shhend npger g ckup BA ghpdt s hes a

plurality of baottaom waveforns V\Rn BLn, BRn whi ch have m nj num
val ues at T4 edif gd§ tciemrow%‘q rﬁﬁ?ﬁ‘?ﬂ’alaﬁ KEDaret M7 aft® he 30

posi ti ons wfe tdie idudieraxiey ksx U ak o jBe ey efd iad evepswdm each mark bar
%ﬂm varies according to the refl ectance of the bottom of that mark bar

m The wavet gl &felr YethseMatdidthi2 rRarioBad aves Viak¢®s accor di ng

to the refdiedanae afwd ha sy facaerf ddedal tards lmyess thad fstrdie R2 8
OCT 2002 continuous to the mark bars WWBnm The inage pickup signal SVis

suppl i ed t*EThe Hai T MTOIRS Pt SAMPE LSRR Hari if Vo IR Lgst e Rnd
processes dfi-d RO Uk UL A Pl t A )0 BaGHY W e @k YD 4 O euput e 5

the X-axial directional position (coordinate val ues) of the each wafer mark

WWh. Thoudt® ridte iigutieaméd ksh B @nd the GddivitorPatehe & ARgstem (FI A

sy em forpdihee vh axde® B3.ardngihefe i sustamBLlAsyss epd or the Y axis)
is provided to detect the mark position in the Y-axial direction. 10 The

det ai | s ofPRHEIRFEHt neve gl wihe "Wl dbuddw BagRe & riste zRGieEe t hat |

as shown inthr EPIREXAID! @ rofd D%s ADertNd s SPWhd WS Sotdsio L4 are
formed on the wafer W and a predeterm ned pattern is transferred to the

t opnost 15T 35 ISR 1M (BdiF-e 4 -ay a2t e eimagrs ffisthepywpdengo

processes, such as developing, etching, vapor phase growth

20 and metal vapor deposition, and form street lines STL as
wafer marks WMn of the individual layers around each shot
area SAn as shown in Figs. 2, 4(a) and 4(b). The wafer mark
WMn is a single mark of each layer or a combined mark which
has marks of a plurality of layers combined, and is used as

25 an alignment mark pattern for alignment of each shot area
SAn of the wafer W and the reticle R.

As shown in Fig. 1, the alignment system 33 of an off-
axis system is preferably arranged at a side of the
projection optical system 24. The alignment system 33

30 detects the wafer marks WMn on the wafer W and the WA
reference mark on the reference plate 31. The alignment
system 33 employs an image pickup system which picks up the
wafer marks WMn and the WA reference mark using an image

pickup device 34 as a one time detection mechanism and

-12-



on the wafer Wis a first interlayer insulating layer Lil, the second |ayer
L2 is a gate electrode |l ayer Lg of polysilicon or the |ike forned tzya 0CT 2002
chem cal vapor deposition (CVD), the third layer L3 is a second interlayer
insulating 20 layer Li2 conprised of a silicon oxide filmor the |ike
formed by CVD, and the fourth layer L4 is a wire layer Lmof a conductive
material, such as alum num indiumoxide or the |ike, forned by vapor
deposi ti oretStaps tdfe fwarfd mgnatks J8bomh alte swbseguénand ayee sWani | | 25 be

descri bed ow... Pol yvsiJigon (. I 2y : Lre
surface ofpﬁee%m%%erry%,{)y%ﬁ:an a p%%fo?%sigp?iéé%é%%ﬁi ggdql%g?oﬂ?%{;é

pol ysi |l i conliddendnt afyterent)iB ci rthe tFpatsestrernf33 hengdaneiel echtode | ayer Lg
is transfer-expo using .the first reticle. evel opi i ng and
resist rernova éj‘%f%dccacfnrsir%at ugcue[ & fenfResy, ‘flg{? h%e%?%%ﬁégq%%%?aeg%gﬁf t he
gat%® el ectrode lraygre LEIA ssyoremed3 DN ehbimshot i @ ebi §Mn OF dheawaide W and
a pair of first J%/vafer are rmed at gredeterg(ia nerchogil' ons on

rks
the streett3t%es @ﬁa(ggaelcfﬂe& TR round TREE O rtub et patterh. tT15°t 2 8
OCT 2002 Nextyia siddredahoxdt desrfd 136 i sn@rawopni ddie £hibér e3sur fdeeepf the
waf er Wi ngcl udi ng at.e el ectrode | ayer by. vapor phasge using CVD. At
this ti me?l’rqul s%éh%%ﬁﬁ%ﬁo%?fﬁ%%&%t EI“f/et%W B eUrar %fo% ©sections are
fornmed t helopordd dx ofafdre sid ion Oxfcerdd | ragoraegppndhhght @réhe first
waf er marks . Next, a photoresist is appli onto the siJjicon oxide film
and’ t he ci%%%?r{fnd%ﬂ%rW%fﬁt]Hﬂ“Héac%]n%niH‘g& a@g'r FHSuFAti ng Mayer Li2 is
t ransf er - exppsethatsidlg 1ighiserpnchdeth£4 epdsséd thé sigasefetdecsilicon

oxide film10 is transparent to the illumnation |ight IL the FI A system
O Tner ef bt 6T HiF FURTET Gl Dt IRETT oI var S Bol o0 21 vt Bt ed by

the FI A sysdiein Sasodil 1912 pasd o ey eac 8A 06, themseeonda1 edngl &€ Riksd
aligned with each shot area SAn based on the result of the detection. 15

After the Pe?R et of Thhel SHEGRRTIRRrbgRE thstiatihysI G9Be ere p§ the

tremsferreghidbei vaf BanVis sybjecteck @ @yvgllﬁpim,wt eghieg asdtresi st
removal . As a result, the circuit pattern of the second_interlayer
i nsul at i ngtP%§errer Pharab kit B ek htReiotens 22 58! offt e wafer wand a

20 pair ofpsecond yaf st 1es Kss Yierdr 24 f 9 dredl 8bm Df £€les ef e nedeposit i ons on
the street lines STL around that circuit pattern. Here, the alignnment of
the secondSPeedPaletly ReFRETMFYE3%tYLi2 is carried out based on the

result of the detegtdiony@ich hEnPDSdds OfSe Ofatde harrs WahesnmBrkswiWdr 25
Accordi ngly, the_ indjvidual mark bars WB11- WB14 of thﬁ first Xvaf er marks
WO and t HE §hdi bHananated ko v ar i swebiyREzat 591t hand ekohtcGaeer L halks we

are al terngt elyrl 8k €e@Utrolext i s 8 £9aL 4 B8c 8RR COBAUREE Vel Mahenhal ohs
formed on 30 {08 E0t L e aNlL oSt el A Yo o L n Ut PO 05 S ive
lens 43, the field stop 42, the mirror 41, the beam splitter
40 and a lens system 45. The index plate 46 is arranged in
25 a plane conjugate to the wafer W in association with the
objective lens 43 and the lens system 45, and the images of
the wafer marks WMn on the wafer W are formed in a
transparent window 47 of the index plate 46 shown in Fig. 3.
Formed in the transparent window 47 of the index plate 46
30 are index marks TR and TL at a predetermined distance. Each
index mark includes two line marks extending in parallel
along the Y direction.

As shown in Fig. 1, the reflected light RL that has
passed the index plate 46 is guided to the image pickup
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el ectrode |l ayer Lg and the second interlayer insulating |layer Li2. Then,
after a photoresist is applied onto the conductive coat, the circuit

pattern of the wire layer Lmis transfer-exposed by using the thir?ar@efqnmz
R. Here, -16 2 8 OCT 2002 alignnent is executed by using a differen

wafer mark Wvh at the tine of transferring the circuit pattern of the wire

| ayer Lmto the conductive coat, dependi ng on whether the conductive coat

is a miterdaviteadspaient forsherdlayl lensasyshehi §Bt hLmofkromledBl Anslyst em

33 (e. g.,_indium oxide [ riak,op t here .2 0. s al uginum .
First, wheh The %%nﬁ%c %vge%%an?%ge?sé9faﬁg§§?éng? %ﬁg&gi%gtFﬁgfegkﬁszs
WML fornedtloa theggatef etieet todex | myeksLDRaaddt e sedotndewafhayemalfk $ hAWR
formed on the secon interl ayer ,insulating |layer, Li2 are served.as a
conbi ned ntF kebytehs T SoStuitSas BREKENb AEnpoL e g ar kEnd o ahth hd mar k
i s Glet ect edrbyfdheed| dnsylsé enl Bt Fheajivpngi tuonadet o€t edei hfihageat i on of at
| east one of %he ﬁafer ks WM and WM2 is selected in accordance with the
15 correl o' Bet! WeenStfié circuit pattern of the wire layer Lmand the
circuit patternshefihlgeopiekebedévode Bayes hgrangdetiheushcendti nherl ayer
i nsul ating la%er'LiZ. Then, the gatt rn areg,PA o% %he thi[g reticle Ris
al i gned wi thr8aEhoRh8f LF2aPSRRZ0RFAY PRRNsetBEFedCHeCREPEHLRT 8ridti on. 20
Wien the cengugtiyetr €oAt that 0padESesOPotRec@ybepohandnswWiirl @ pharsegend
waf er marks WWR can be directl¥ observed b%§the FI A s¥sten133 via the

t

cohdluct i veCEoBerkibars Wirppcoftthe WpFeEt P9r6b¥¥Pve ThE LPASViANRer narks

WML. ThereforeistBe treesngs§e Dbioknpdaalitbespostbiransneegegsponding to the
25 first wafer marks WM on the second interlayer insulating |layer Li2 are

used in pl GRETBFPPREIRFEP WRAFeIMARPRSOMMENSTheANtt RBCehBNPt GHETRFRst

waf er mar kg1 ¥W8' tRadnt hersesapdiweten Mehks YW ahaeobsgevednasoa sifngl e
conbi ned mark by the FI A system 33, Then osition detected infornation of

30 at | eastR®nBaSR Fﬁ%tﬁﬁ%e?yﬁﬁ?%szgmﬂ'AgnghVWQtF@esePééFEHrFHgaEéoFaﬁnce

wWib the CQmmehahh@mobeiﬂgﬁﬂ theokadi¥i duatnhei eaykt ppati8hBSofaBdcal i gnment
is perfornmed using the selected positional information. Here, the conbined
mar k Conprmgég bpg MBBR- npFher req7the amount of light incident to

the pixels corresponding to the edge portions become smaller
so that the images of the edge portions are formed as dark
portions. As the index marks TR and TL are illuminated with

20 the reflected light RL at the back, the images of the index
marks TR and TL are also formed as dark portions. By
averaging read images of a column of pixels in the vertical
direction to the horizontal scan lines SCL on the light
receiving surface, the light receiving image is

25 photoelectrically converted to an image pickup signal SV as
shown in, for example, Fig. 5(b).

The image pickup signal SV has a plurality of bottom
waveforms WLnm, WRnm, BLn, BRn which have minimum values at
the edge positions of the individual mark bars WMBnm and the

30 positions of the index marks TL and TR. The waveform level
of each mark bar WMBnm varies according to the reflectance
of the bottom of that mark bar WMBnm. The waveform level
between adjacent mark bars WMBnm varies according to the

reflectance of the surface of the pattern layer that is
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2 8 OCT 2002 | ocated on different |layers Ln and the substitute wafer marks
Wvh' of the wafer marks Wwh. The Z-axial directional positions and the
cross-sectional shapes of the wafer nmarks Wvh and Wwh' and the refl ectances
of- their reflecting 5 surfaces differ fromone another. The contrad® OETt2002
i ght receiving i mage of the conbined mark therefore differs for each wafer
mar k WWh. The signal waveform of the image pickup signal SV based on the
light recefonhgniaagetdi thersarkopeeachMiamer mark Wh, Wh'. Wen the

i mage pickup 10rgi9pal g8y, ékﬁ% H?i”§9 ferE§19E8C€85€Hedh5§%¢'y1

t herefore, an error g7 pr uce to a di ce 1n signal waveform
t hus Iomercagtrhb sleseeni 28. pr%h¢gn@nnotoeachlmayetemaEB Phhcew¥bh's. the

o e T AR o PGP ek L A o

has an aut GHarT c-sehe I ng
whi &h correcésXtarisenditeviignal phgltught (cecedyhagesunfiaes) obft hidel nage

pi ckup deV|ce 34 ron1%€g %ﬁngorf% %Blngﬁtlig?ggrgg érgphggnal SV.for each

botton1mave?orn1 n got%0n1waveform
W.nm WRnnadloi t kac ht wat ke EBAksV%heMl(FEAssyBgemeoanthy.XAad;théBI|ght

e o0, A58, F5a E9SRARCTEIE LooghuRLEn gL e SEREl Ll L L b T moe
obt ai ned foo aéteathtbetm@nkmpweiﬁi@mVlnnthMRMHaanmoddklgtyonnear|y
equjival ent bott vefo s m are obt ai ned. . The AGC function wll
befgpecifically%%§ aFatys %glﬁg% Vw?ﬁr %?Bg.&ﬁ@rg}lﬁh St §arEHSPEYer L4 is
an opaque méIewlayer Lmin Fig. 4. 30 The cross-sectional shapes and dept hs

of the individual mark bars WvB21- WB24. of the second waf mar ks VR
differ fromthoSerdf- t ARSHRPKTDAFs IRBIROWBIR- of ¥ hEXETB Frtﬁ%@sflrst

waf er mar ks y%ﬂanahe«sfpreouthanéﬂ$nym1valueSaeé tbeme@tbﬁntn@vaégéﬁs
W.21- W.24, MR21 WR24 of rark bars -18 Q%T mﬁ% VWB24 al so
differ frofltAdded o?r?ﬂ%t%BTfB mB@EF%FﬂBlWIE{aQE 1E° & 5PPPREtmar k
bars WWBL1fyWBHAHK. 14{ebSsLassuied heyerthal .t heebkni gHEe Yakbesialet-he1bot t om

waveforms W.21-W.24_ WR21-WR24 _are spmller than.the_.m ni mum val ues_of 5 the
bot t om waveFf o g V@E?rV@1hs IR VR UNT ?HEBYﬁErlﬁﬁPagthg LeY§Sstihdd t hat

the a changgei Begbglalalevel2i Dsthegate electrode layer Lg of
polysilicon or the like formed by chemical vapor deposition
(CVD), the third layer L3 is a second interlayer insulating

20 layer LiZ2 comprised of a silicon oxide film or the like
formed by CVD, and the fourth layer L4 is a wire layer Lm of
a conductive material, such as aluminum, indium oxide or the
like, formed by vapor deposition.

Steps of forming the second and subsequent layers will

25 be described below. Polysilicon (second layer L2) is formed
on the entire surface of the wafer W by CVD, and a
photoresist is applied onto this polysilicon. Next, after
the circuit pattern of the gate electrode layer Lg is
transfer-exposed using the first reticle R, developing,

30 etching and resist removal are carried out. As a result,
the circuit pattern of the gate electrode layer Lg is formed
on each shot area SAn of the wafer W and a pair of first
wafer marks WM1 are formed at predetermined positions on the

street lines STL (see Fig. 2) around that circuit pattern.
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vicinity of the bottom waveforms WZ21-W24, WR21-WR24 is |arger than a
chhange in signal level in the vicinity of the bottom waveforns V\le’LV\bﬁl
WR11-WR14. In such a case, in 10 acquisition of the imge pickup s &n 82”02
the sensitivity of the imge pickup device 34 is corrected to be set |ow at
the mark bars corresponding to the bottom wavefornms W21 W24, WR21-WR24
and set high at the mark bars corresponding to the bottom wavef orns
W.11-W.14, WRIINaARIA.a 151 Gormi detidael thsel sharewn hen eble¢rensiureace of the

topmost | ayekepl. L M@é%é’é{mcm&i@&i%%@_ YaPor e fEROBOLE Ofla| By et g Of
al um num en formng a coat by vapor deposition, the t hi ckness” of the
coat coverbngvaper neirksdars MVBET Day Alecones nobugi f oeeesependi hgvondt he

position o e r hyg{pl h IS, j i ( for
exanpl e, t#é%?%é&%%&i%%% apea%f%%égl %%%%%%%%QAE&%?ghé%%vers t he
mark bar \W&nm omyo becoeres asyaoretoxidd folm centespsepanat tontpéaher SO of
the mark bar_WvBnm, T ig recei vi.ng 1 mage of.such a. mark bar, WBnm 25

i ncl udes a'ark %%rr]f? g@#avml%x%’syam%?%%% W it h3 %?pg%%r% %rrllgg 1(:)lflethat
mark bar V#Bhigomsostdwwnfilm Fmgd Bfd)ciAsuthepdtghtnretetvengeconde is read

al ong the horizontal scan line of_the ge_pickup.device 34, therefore,
the Bot t ort JEVEr OFRT VEPTITE 1% 11 48" it portTORC P oRePRAFH BaF wBnm 30
di ffers cotisé desabhy fetotaider botlon by efasen WRnen 9f 11 bennakidw édpe

Pollon, 5L EL (S(0)s (paIBe Lhsiotepnet ol tpls |
signal SV §pstennpal i nohgosfédionathe nbosal dwn abotihe eAChswahgferark - 19
2 a ocT 200z VMM,gpn. b s&l&cted fiomangrA oLl Qrinasihies PRSI LLeRe
area PA of the second reticle R is aligned with each shot
area SAn based on the result of the detection.

15 After the pattern of the second interlayer insulating
layer Li2 is transferred, the wafer W is subjected to
developing, etching and resist removal. As a result, the
circuit pattern of the second interlayer insulating layer
Li2 is formed on each shot area SAn of the wafer W and a

20 pair of second wafer marks WM2 are formed at predetermined
positions on the street lines STL around that circuit
pattern. Here, the alignment of the second interlayer
insulating layer Li2 is carried out based on the result of
the detection at the positions of the first wafer marks WMIL.

25 Accordingly, the individual mark bars WMB11-WMB14 of the
first wafer marks WMl and the individual mark bars WMB21l-
WMB24 of the second wafer marks WMZ2 are alternately laid
out.

Next, a coating of a conductive material is formed on

30 the entire surface of the wafer W including the gate
electrode layer Lg and the second interlayer insulating
layer Li2. Then, after a photoresist is applied onto the
conductive coat, the circuit pattern of the wire layer Lm is

transfer-exposed by using the third reticle R. Here,
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detection nodes. That is, each position detection node as positional

i mformati on conputing neans includes an outerslope determ ning schene, an

i nner -sl ope determ ning scheme 5 and a doubl e- sl ope determ ning sc?qppET&apz
out er-sl ope determ ning schenme conputes the position of each wafer

based on the outer slope portions of the bottom waveforns W.nm WRnm of

each mark bar WMBnm The innersl ope determ ning schene conputes the

position ofleawhenafbs dweemikd\iph babed @nd%ﬁgerﬁhérwéfépemﬁéktWMﬁsa@f t he

bot t om wavef or ey MO ¢ Mo Thendoubl ec 51 opey deterdifi g srbepe gomut es

t he p05|t|on o] based on I nner an out er sl ope
portions olayhe bottonthavedndust WeancodRhndegsnAigabsnrahethekghhent

met hod des e I e ] ped Pajent Publication
No. 4 65600 Aaie T8 it ohand T PR e P PERE PR E " G852hE5 1 <" acaptable to
each slopelﬂbmmxmamlmg biderell The discFdBusestém Japdaege, Unedanmned

Patent PUblcat | of No.. 465608 an i) SuPaLent 20, M. o, 495, 403 are

incorporateﬁ eLeln y f €T erenc a par Fiption.
Here, the wavefBinspr oglessi tige ofondiectiose bastindpoisotramspboens, Wehey WRNm

Wil be di peussed, RECOLILRg e FLORed (8L 10:ThSle BocShOMLT R ELES 7)o

and 7(b), octessing 0 he'i ma plc ap-sirgna
with a tramsgatieatspbohdresist mayles WMQcﬁarmddonnthhessetand of the mark

WWBnm i s. taken as.,an exanple, Fig._7(c) is an en ed_dia f tmo
ol 0 om wavEFbF ke YRt R Bt WL bt £ oRF o BF NP O Am AakoRPo0E
sl ope por tm@nk DSy 1t mbi EDAT &y st 033 boTheﬁ1IeMelpB§itaad aﬁ uhper slope
portion USL1 mhlch ri ses fr$n1theﬁ$otton1le BT1 bo&? cannln
YEh FonT

proceeds. FHBPHBEE IR DvEF of fit Ha¥ Bhﬁo sF¥pEPo %Ez mhlch
falls to ap@@it@@h|@d€écfﬁa ﬂﬁﬂoﬁﬂaﬂp@ﬂroﬁ|@DEl@@ﬁtlOﬂeLBEZtMBIthétses
from-20 2003 @gg botto Ievg BT2. First, for ﬁng bott om
maveforn1V@ﬁ S QWY 2R | 1515F5° QLG |+%d36908?6P8Fn51F BFf f erence
bglmeen tgcoﬁﬁékavﬁbHE?@fwé@ﬁ Shﬁu&ﬂﬂéupgrbbﬂﬂeﬁﬁ bhetdemmlsbomaypggmhon .
DSL1 5 and the bottom | evel BT1 a_predetermn 5 an
a scan pos??goﬁgﬁlCthHhFcﬂaFF%rggl%g FRGePa s %g?ﬁé QE &FFﬁgtﬁg §P§pe
portion DSLﬂei§e@@ﬂuliﬂderf@yéheims@1§tiﬁ@ Leyel £22i s angtiredeby dIVIdlng
the difference between the geFk va?ue of the_shoul der ortlon OB t he up

0

sl ope portPBRtEAL125R% PheC nt PG| FBFECHG RnéSprd QPE?nVﬁE ?3??0 and

a scan posshb@nNaP2aatamhisinghenel seeeteuel dSLeeobacidesrivhthohhe slope
portion USLL is ach|red Further, for the other botto wave orWEWRgnl a
scaf position PENGR WRAPCROBAUFFLES| €9_F 53 BREGBENn PRetPBaRTESTY rof the

down sl opewpOLti @Re DSE2oAAdwh her bRkt R Y ekaBTBeCcal. netdey wbkbri/Ba slkope
portion DSL2 is_acquired ther, a scgbCEQS|t|on P4 . at i ce

| evel S4 bEPﬁeEﬁAtﬁ¥SE%3k3gth% bRet fign F8BecPoFti bh U%L?lgﬁacP & bottom
| evel BT2 ¢ei acirdeslw bbséheestnper ppsti varbblAaris2Macqurhedefore,

the recesses D formed at the positions corresponding to the

25 first wafer marks WMl on the second interlayer insulating
layer Li2 are used in place of the first wafer marks WMI.
Then, the substitute first wafer marks WM1l' and the second
wafer marks WM2 are observed as a single combined mark by
the FIA system 33. Then, position detected information of

30 at least one of the wafer marks WM1' and WM2 is selected in
accordance with the correlation between the individual
circuit patterns, and alignment is performed using the
selected positional information.

Here, the combined mark comprises the wafer marks WMn
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The outer-slope determ ning schene determ nes the position of each mark bar
W¢Bnm usi ng the down sl ope portion DSL1 and the upper slope portion USL2.
More specifically, the center position of each mark bar WeBnmin thé OCT 2002
scanning 25 direction is determ ned by the m ddl e point between the scan
position P1 and the scan position P4. As the individual mark bars WvBnm of
the individual wafer marks Wwh, Wvh' are arranged at the sane pitch, the

posi tion diocedes war et frhgre v dve rac dur @l Yot el T tom e kent er
posi tion of the @ MK Bar e inals shipe deferining sehede: dater n nes

the position of each mark bar WBnm using the upper slope portion USL1 and
the down glospd iors iags B2 crvsse sgsddidnadaldhaprasheo el rwdlost thaonksf each

mark bar %g@r{'d‘r@ﬁ-ﬂ; arfl %h%glﬁ%éﬁ%e%wg;%a%rt 104 4% det erm ned

by the m pol etween the scan position € scan C‘i)ositi on P3.
Thé doubl eus fopree sd etidrfe mifngpms chere rdethermi nédhe heorposd 46 onf afheakignar k
bar WVBNnm_usi t . sl 5 t.i o+ SRS d e | ope
portions lf%ffﬁq’dég.lq%e OSfBE%ef ic(?)a?{{qun, r}fﬁg%éelntt}% posi i%{r.'ffo %afc rsmar k
bar WvBnmdath he Soams mkg Wiir.ectlihen digyrdelt evamafgornbyo fant leey efmesgee posi ti on of

t he scan pasitions P1 .t . t crasssect i onal . ; rk bar
WWBNnm i s éjplpcrkouﬁ rrsaltgeqayl %’(yD éfn%v"?\gf Ejlnca%,e t]%éﬁ] }ou%efce%&ﬂlo%%aﬁ%f%r ngl? f}fpn%%c hemne
i s sel ect etrcanckanir evadoumeatek pdsI,t i 'neadiiréamghes oeage qulii okip When t he

cr.gss-secti.onal Wpogfgg each . mar k., bar WMBnm i s asgl%ra:gé.ri catl on the other

hand, ei t er?tHe Ut P R i Yy S R O 1Hrert % ope

det er m ni nthessdyree | sl = rselredisepraepered npontd e CiroSsraest | anal shape.
Speci fically, en each mark bar. WMBnm i s ,covered with a coat, the

ot 055~ SectTEINA " SHaR SRy SIS (RIS St PR OB(S . 1 n
thi s case,esfi hesfdihenatd evmrs| opea'det ermi ni ng schene or the inner-slope
determ ning schene is 20 sel

cted., The cross-sectio S e of each mark
bar VBN Ll Ul S A G B gt ASH Ty SR TR | ey St e
deppsi t i ot afh foranbu it tc oads |aay erutidiatt icovesiss 1 thiad 1 tgar &d pagt MdBnm and
the |ayout, of  that k., bar VWBnm on_the wafer. 25 W_That i one of the
i ndi vi dual %%p@%‘%%%ﬁ%ﬁ?&?&ﬂné@ﬁ%%oé} ST O RO HarS Wi th t he
coat | ayerseafseaichi twafef drey K i\Wht aretbdine ppssud fac®no f henavafreigdV and t he
posi tion of, that fer g, etermined. In the exan%)l e, shown in Fig.

k. WWh
5(a),  the HHCRH LB b0t Rt fdtoe IR T £ orid R et BHOATR num
coat Al cayesrdng dotiomaddcis wdtaaes wivefdayarLdd, Weah #losmstlidie mark bar

iappm o e nonunLl ory, Hoveer, e shape of Lo, shoul derppertion, L
Ther ef or e,wd her o -VRIIOREL TR NBIYHIE Fhtly. And, the light
receiving surface is rescanned while adjusting the
sensitivity of the image pickup device 34 by the AGC
function so that the optimal minimum value is obtained for

25 each bottom waveform WLnm, WRnm. Accordingly, nearly
equivalent bottom waveforms WLnm, WRnm are obtained.

The AGC function will be specifically explained based
on Fig. 5(b). Here, the fourth layer L4 is an opaque wire
layer Im in Fig. 4.

30 The cross-sectional shapes and depths of the individual
mark bars WMB21-WMB24 of the second wafer marks WM2 differ
from those of the mark bars WMB11-WMB14 of the substitute
first wafer marks WM1'. Therefore, the minimum values of

the bottom waveforms WL21-WL24, WR21-WR24 of the mark bars
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2 8 OCT 2002 schene is selected at the tinme of detecting the mark bar WwBnm
of* the base layer Lf in order to forma predeterm ned pattern on the

al um num coat Al . The outer-slope determ ning schene determn nes tHbBcBﬁTémﬂz
position of the 5 mark bar WvMBnm from the scan positions Pl and P4 as shown
in Fig. 6(c). In this manner, a detection error of the center position
originated fromthe asymetry of the alum num coat Al can be cancel ed. The
posi ti ons W21+ ERA erlsmrdist Ivh Dfora Phasal ¢fytlod ROttapevaveharmare

Simul taneqys] v el £CURS PYd P d FGR. RAGKKP.AEY] figa B4 Minihe Fié system 33
are determned. Xt, positional infornation ich corresponds to a single
or a plurassymed heyershathatharmeli mibswei st bdeni oh Bheaboeromt vaheforms
transferr i$,S o] h L i nf o ' t

i vi dual "l P ok QEEhRTRA GTEe (EnRERL EOR LA CRIRLLGR S2LRLel BF
bas®d on ttlee sedterdredvaoost erronaf Ll hipkbdit i WR11 oWRl 4 gn Theotleéicher&wi th
each shot area of the f.er According to this e di ment t | east

three, e. ?tzbsa%%ﬂfm? veh?% %%,aa?%a%g e%:?e%l?rrl%?nbge‘ﬁ?nfl;ré?i }fleof shot
areas SANn oicimet ywed £rt W dsotat drgninevd f shrod WL2hsWLEAy t R2 1 -WR2 freinsi oned
earlier, the two sets of FlIA systens deieft tgg.maéer mar ks, Wh _in éhe
X-axi al amtP5aaki HroHi F et ERS ForSbHR! af FYRneht %%tvh?éﬁlgﬁdo§eF Fnine
t he posit it ©dm eaghe 2orm@ferl rewkl AWWRi 1eWwR14 he Xmaxiuah anda¥eaxiial
diyectional coprdipates_of each alignnent shot arga. Then par meters of a
motel  f unc? TR et PR x° Bquat i YRF9¢% {C$%%r%§%%?g ?ﬁe Fa§ ove ot éﬁbgyareas
on Lhel waf ef ’&/M@rhﬁn&:@é’rmli@ldu;b&ﬁ@ﬂi@@ Bmeiﬂe&:@fgéacﬁ’eédct)@rﬂénaée vakues for
each alignnent shot 30 area and correspondin esi gned coordin val ues,
and the cob?difate Q%f%egofﬁeiﬁﬁﬁég%%tP%r%%egﬁoFE%ﬂmﬁ?E?g9ﬁﬁ?e%%Z%érnined

by using time2apdek2 {24 oanahese PagiaNEt ef Se aher ROPPYS edorNexpontiing
accordance with the determ ned coordi atg}xalue alignnent of the reticle R

with the wafethedzottomgvayraiomsd Wit s or WRYL MBI he circuit pattern of

thesreticle R igohspist efiedcd 9o ocdbrshohe aeai 08 thernaéestWhdhis is
cal l ed an enhanced_gl obal alignnent (EG%% é%sten1 whi ch is disclosed in,
for exanpl BOPBEPaNEREE UneXk arf fete Bt et 1 BEFEdt VOhOND. VBROH4429 and its

corr espondi8go i Siofat £pér Nof A1 UBDn 67, Whendisehosyre ebavwhbghvaper
i ncorporated herein by reference. Thig enbodi nent therefore has

. . he
fol | owi ng GERaRtBHRR: 15 ktoFarsy ¢ the E?%EpE?V%FlPﬂiEh%nﬂﬁﬁknﬁﬁf, t he
10 image pHgksR A8y 8&cSfe Ohohhei FbAnSashent BlgSbAULhangeyst yodlebeCt Bea

plurality of wafer marks Wvh and, the substitute wafer marks Wwh' formed on
a pPural i ty268T | BYEF WY, LTHAT HF on?F hel AR et "W Fhef (2basEdTon the
detection &gsMbie, BB CLFEHbL sPAtL&RAL0BhEPE bet bl 81EnWALBhcbstt @1be
tranSferreghich covers the mark bar WMBnm may become asymmetrical to a
center separation plane SO of the mark bar WMBnm.
The light receiving image of such a mark bar WMBnm
25 includes a dark portion having asymmetrical widths at both
ends of that mark bar WMBnm, as shown in Fig. 6(b). As the
light receiving image is read along the horizontal scan line
of the image pickup device 34, therefore, the bottom
waveform WLnm of the wide edge portion of one mark bar WMBnm
30 differs considerably from the bottom waveform WRnm of the
narrow edge portion, as shown in Fig. 6(c).
According to the stepper of this embodiment, by way of
contrast, a method of processing the image pickup signal SV

for computing positional information about each wafer mark
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15 next is aligned with a predeterm ned shot area SAn on the wafer W At

the time of transferring a new pattern associated with any of a pl gr@ldﬁyzuuz
of layers Lg, Li2 onto the wafer W therefore, it is unnecessary t

i ndividually detect the individual wafer marks Wwh, Wwh'. This decreases 20
the tine needed for alignnment. Unlike the prior art, it is unnecessary to
nove the wafer Win conputing the positional information of the individual
waf er mar RBIRN \Wéh' se TRitedl depmndihe aislel o ded edhiiem resbeiomri gi nated by

t he nove t. or i i of ! the ti indi vidual ly
detecting tee({tnlddl}\g |rAéJ udgﬁes 'WafTéTrlsél grrgl%(\é\%h %l%lhﬁlak(?%e%l%ggg?%?eg% o]
accur at el yaexiguiarea t hien fuogiat iomal confwrimg iroreod  thel udel$ vaduahtevaf er mar ks
WWh, Wwvh'._.There e, .t lg[’g%e of iqnpée_t t j of t rring
a new pat tselrorP “33(5:I eg’{sesrglcllna%g W ef:mee’acgﬁ’l IlayerpLSSl,oa% 2@%%%&3?%165%%%}?&{}% S
reduced arxhd he ddulglarenitopes dpiiackaiiyn iang swomat el Theerdtoenesllope so, a new
pattern is, quickly and accurately .transferred,. thus }nproving-the

t hr oughputdeo ert’?fg}/lsrfgepspcglr?me( f)o cuctoersdincﬁhge T He Ut e%fpgéfa%? "t'%?%r en Elai ment ,
the -24 wWMB KXCleZ0f2 thedioutdual s vafeerpamr ken W, ' bateorconbi ned to

3. The USB Bt EEh LbndIHIY Her e al IV 1 | S pi cltp BT oS 34 to.
easily, suepe amtmmkmg petanen st ¢ neEhelgbectt bon obf aeptiuradféy of
ST o e Lo SN o Sisielercing, 2 new pee R o (he
bet ween t heavd fEtthd WIaim , erWRron. t hEhd edd i e R Biisk adgpt enrral hiyg ofcipahé erns on
the wafer é/c\)lmpltg)te-rshettgeong)ci)snietdionr?rokf iesacljlr?rwnz:‘te ert Omalni*}? VW’II% r.garl]sead on both
inner and outer slope portions of the bottom waveforms WLnm,
WRnm.

15 A substrate alignment method described in, for example,
Japanese Unexamined Patent Publication No. 4-65603 and its
corresponding U.S. Patent No. 5,493,403 is adaptable to each
slope determining scheme. The disclosures in Japanese
Unexamined Patent Publication No. 4-65603 and U.S. Patent

20 No. 5,493,403 are incorporated herein by reference as a part
of the present description. Here, the waveform processing
of the most basic bottom waveforms WLnm, WRnm will be
discussed according to Figs. 7(a) to 7{(c). As shown in
Figs. 7(a) and 7(b), the waveform processing of the image

25 pickup signal SV acquired with a transparent photoresist
layer PR coated on the surface of the mark bar WMBnm is
taken as an example.

Fig. 7(c) is an enlarged diagram of two bottom
waveforms WLnm, WRnm, and the bottom waveform WLnm has a

30 down slope portion DSL1 which falls to a bottom level BT1
and an upper slope portion USL1 which rises from the bottom
level BT1, both as scanning proceeds. The bottom waveform
WRnm has a down slope portion DSL2 which falls to a bottom

level BT2 and an upper slope portion USL2 which rises from
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predeterm ned reading view field of the imge pickup device 34 (i. .
between a pair of index marks TL and TR on the index plate 46).

ensures one time detection of the individual wafer marks Wh mnth 6 0CT 2002
enl arging the i mage 15 pickup device 34. Further, it is possible to avoid
enl argenment of the entire stepper because of the one tinme detection. (3)
According to the wafer manufacturing nethod of this enbodi nent, the second
interIayeﬂhauhﬂtﬂdmmﬂQQQkH5122 20 is covered with the alum numcoat Al and

the photoresistn he,reticle
R which is to be r ansj’?er r edé]lkg&t:ér&aﬂs r r e ffrﬁjre p%&%iéf%glhﬂs%@ﬁ? $|1 rst,
and i s theis sadyjweictest] o i dieliel @i ey qbrb’b@weeldo@tmmgtm oeesk, form ng

the wire layer, Lip QL the, Wie éagrﬂta%er( Jrf“t o&%"f‘”é’if g&laé{]%%'ﬂéfi' ayer

i nsul ating Tayer is grown by vVa ase, e pho
apdied, aefrtcértrvmimdrttannpa]té\seh Bl bynew pmde:ttaarrﬁimcsdtram& etee@I At this

time, the cover.ed MA t.he W re Lm can ed as

al i gnnent t k’s rfé) a(ﬁcaﬂbcpoc?sd]ﬁfgorf 0 ?h%t s"f}elp%}ert}b% ?Jnjr%e eﬁ% fn’g t he

i mage of e@amhq@fdéémwﬁf erhares kspeNgpr by D retls oanc@mjsrdadghtwemeeyj ng

surface of the, FI te 33 i s conve ted redet ermi ped i mage pi cku

S gnal w2 TiACe et tr et Atcteta ULV M

Wh, WWh' esttdveetd th&u &eCICTxaa’ZD!i& POSiHe oemulcmé]orpsmftmnf@f eaehupaf er nmark
WWh' co ute on . the positional inf tion of the

ygﬂ?viduaJs 1Vﬁﬁ9 ?Eﬁgﬁzﬁéﬂeﬁegtﬂ?%ﬂ,g?%erefore,

i nformati qst@tim&érrﬁﬂﬁecpoﬁaﬁi@,nsarﬂd 4 hecdmyessi tgon SP2i 2t tial cRrehassoci at ed

with the patter qﬁgf§%ransfer ed is acquired as needed. There is a case

wher e tkme%kﬂ?% t%ﬁ%%ﬁ% SO HR FSEPDIPYhet datSthet Bidi ng t he

i ndi vi dual 3 yéh BfedBr ksu Mite r Wb r niye dbiher siependi wgv&ho em dvkAR) eace

between the 10 materjal s of the coats of the indjvidual |ayers Lg, Lj2,

That is, tHARIRPRIEIWNNS Tyttt vj %#l?%é%%%%o%?m%%%v%?%thﬂ?aMm of
t hes i ndi Vi gBhe Vel et hdredidien Vo p WG r i 1 eps 2 oim @ ache ObHEE o NLSPEE cases.

Even in such a case, it is possible to performwaveform processing suitable
for T2 coincides with the slope portion DSLZ is acquired.

Further, a scan position P4 at which a slice level S4
between the peak value of the up slope portion USL2 and the
bottom level BT2 coincides with the slope portion USL2 is
20 acquired.
The outer-slope determining scheme determines the
position of each mark bar WMBnm using the down slope portion
DSL1 and the upper slope portion USL2. More specifically,
the center position of each mark bar WMBnm in the scanning
25 direction is determined by the middle point between the scan
position Pl and the scan position P4. As the individual
mark bars WMBnm of the individual wafer marks WMn, WMn' are
arranged at the same pitch, the position of each wafer mark
WMn is accurately computed from the center position of the
30 mark bar.
The inner-slope determining scheme determines the
position of each mark bar WMBnm using the upper slope
portion USL]1 and the down slope portion DSLZ. More

specifically, the center position of each mark bar WMBnm in
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15 the signal waveform of each wafer mark Wvh, WWh', elimnate the

i nfl uence of the signal waveforns of other wafer marks Wh, Wn' 3&3 02
accurately conpute the positional information of each wafer nark ,OQRﬂm.
(5) According to the stepper of this enbodi mnent, when 20 the bottom| evels
BT1 and BT2 of the bottom waveforns W.nm WRnm of the individual wafer

mar ks Wwh, Wwh' differ fromeach other, the sensitivity of the inmage pickup
devi ce 34 tlke a@@@@mg@gf@r@@'eiprbom ot V@weE 0e ¢h BY nhe iRhad 1 lepeint he
sensitivit e t t I hed 25p80 scan the

i mge of t eé%e Q tﬁg %ﬁ%ﬁ%&é?h@% ?ﬁ% %??f%?%ﬁg%&%eﬁmgen the bottom

| evel s BT1 and Iﬁ@ @wublﬁr$IQDW|@Eﬁﬁrmmmxﬁﬂ1&ah@m©rdstVEMNPGVWMhebecones
smaller. T i des i e vi dual wafer
mar ks VWh, Q@ihfiﬁ%lgﬁ %9@1%%%93%?%ate yﬁegg?% | ent é gla%gpémaveforns
bas®d on wpwnhl®MQ @@Elxlmﬁkﬂ amd ot mat wppe f o5 Lepe hport eonmaP RLIWNhUSURA' s
conput ed. Even to e 2 % bott om
wavef or ms Vnm ? fﬁ% @% gg é Ezé?gygﬁggkggvﬁégﬁvkﬁgk bgger from
each ot heryMBive pmstmecmmanniﬁg dﬂr@chHh2D@2denénmnaedobyoéntheeraQEV|dual
waf er marks can be conputed b e pi.ckup signals
SV as subs?%%w?%??yo¥h%h%a%%a T i %l%f%@%pﬁi ?9 ﬁ?? gﬁ?thg gre
p033|b|e t 9o Pt E6hSE| yhales ect even m@ekbbarowmsnmayefappsoylmatewﬁnn1mh|ch

a small change in signal | veI hat t he. positjonal |nfo n of

ChbS Vi SO RArEr ke TR SRRLoS e RE bt S o helP A Bl SO PR b fer
S|gnal pr oges shage i AcCONPL | Pigs posoth i veabut dhor hat conrtad betpeerened
easily, thus reducing the burd en_on t n 10, contr system 23 whi ch
control s th2SsFERaF™ g?%%%% L 1By A c%gaﬁn@af5 PaL @@@Bﬁe?sof this
enbodinentasyhﬁe@uieaisl@@etM@t@tméﬂlmgnaphenﬁhefhehenﬁateskémepdeternining
schene or éhe doubl e-sl o ﬁe deternlnlng sch ege is.,selected in aﬁcordance
with the cPo58r8LRtRBNAFISRApes BFC t HENThat vPRGal® 18 MAPEPINEFREMAAS Wivn

i ngsudi ng t8e-608d, dapendheg pesi thenatos st eesaibralokhkpe.i ndi vi dual wafer
mar ks Wh, Wwh' is conputed. That is, the pqositional |nforga%EoH of the
a

|nd|V|duaISR%?éFlﬁﬁ%k¥ VIRSD VRACDE @aEBnB%FeﬁMBthhé 6Pt PhE f 20

proceSSIngcagthoah@ceeégsnge&@l@ﬁslsynapérmayshéaeﬁé abykhetirndhyi dyal
bott om wavef or ns, W.nm t he indi vidual wafer

mar ks Wvh, SHRHD. 1?hF§gsu%§?éntlQTIEhﬁﬁnﬁﬁfg' eﬂEQ%EtFBﬁ 8FFBF " PhOPRe

DOSItIonaldeﬂéemmﬁih@ns@ﬁem@eorndhalﬁuﬁérmgiepenaékérMWhln@W®chdme te 25
the asynmet % of the individual wafer marks Wwh, Wwh' including the coat.
1t2Ps ther@fbfE BOssi bl e to inprove the precision of detection of the

posi tional infOTHBtt@Bs@iséBelbﬂglvsﬂypé vaf eacrankskWhr WBnmand t hus
mprove al | gnpent  pr £cLsl ., 30,(7), £S5 00,2 L, skeneey of L
enbodi ment 1AEHBIING p
deposition) of forming the coat layer that covers that mark
bar WMBnm and the layout of that mark bar WMBnm on the wafer
25 W. That is, one of the individual slope determining schemes
is selected in accordance with the coat layer of each wafer
mark Wmn and the position on the wafer W and the position of
that wafer mark WMn is determined.
In the example shown in Fig. 6(a), the thicknesses of
30 surface-like portions SL, SR of an aluminum coat Al covering
both wall surfaces of a layer Lf which forms the mark bar
WMBnm are nonuniform. However, the shape of the shoulder

portion (inclination start point) of the aluminum coat Al is

nearly symmetrical. Therefore, the outer-slope determining
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cross-sectional shapes of the individual wafer marks Wwh, Wh'
(specifically, the cross-sectional shape of the coat that covers the wafer
marks) are estimated based on the materials of the layers Lg, LiZ2,9?8mCTh2002
form ng nethods, -27 2 8 OCT 2002 and the positions of the marks Wh,

WWh' on the wafer W Based on the estimation result, the sl ope determ ning
schene is selected automatically. Therefore, it is unnecessary to sel ect
each sl ope aetmer niigwl esohehe tevdrey timee Gf st &ctpntg etlre imatk dnsferred to

(he val et Wbl ALy e pasrs, coeial o and Dot salagckicedl e o

processin Wel I Cations odi rren
foll ows. Xhtherfhicn itheerdlionimay dvesterdiiodi ebhe mowte expbspr € appar at us f or

manuf act ur j a displ a such,as a liquid crystal display device or a
T e i G, o e i S8 S g By, BRR Yo Sk ol
t oget her amdki ransfidMdEnn ot e glaas gl attei oddirt hesnd the s4 epipewn 1bn

al i gnment et ho f this enbodi nent ma e adapted to alignnent of

i dual F g e ol Moo M1 1l B R & T Veete THe 7SR Er i ng
a plurali tgpoiftipat tefigialarent &rdm tde et y1 o fratiera I vm bn @t ecleder m ned
shot area SAn with respect to one |ayer on a wafer W 20 In such |ink
exposure Sl t9I1 re, every tine a pattern elenment to be

transferred i s mhangedt@ddetdltn R irPhaioriesimin igel adbngrd haty pattern
el ement shoul d be aligned with an exposure area on a wafer Wor a gl ass
plidt e Thaltakf%r,s t%%ﬁﬁfersﬁ‘?u%ﬁﬂﬁﬂiﬂgﬂtﬁé FHEFRRPY nchRak®RI¢ P HBRUP
accor dancesay fde the Junhes ©fa paidednd B et get Jheinkse. ofnddht s i nvention
whi ch si nmul t aneousl cts a plurality of alignment nmarks therefore

det e
decr eases Hwtt]i%ﬁe]e'a%r“?%trl% i"ghfEht COB5e UL UFY PattRIC oW Preticle
R may be tgansferded B0 d e efusiatmegt fdeadd D& wiciend as gerend , £ b nsé ead
of being reduced and transferred, to a wafer Wvia the projection optical
syst em 24.tignsiser W tidredsTeEd M2 LMYt Henahy BfOE3 B PRACt i ONn
. r o] ( . y !
optd cal syst L OAUISidich B i fald kPl r aphdve ehenptsy sl gstion
optical system-28 _2 8 OCT 2002 o
is moved slightly based on the selected positional
information to align the reticle R with each shot area of
the wafer W.
According to this embodiment, at least three, e.qg,
20 about five to ten, are selected from a plurality of shot
areas SAn on the wafer W as alignment shot areas. Further,
as mentioned earlier, the two sets of FIA systems detect the
wafer marks WMn in the X-axial and Y-axial directions for
each alignment shot area and determine the position of each
25 wafer mark WMn, i.e., the X-axial and Y-axial directional
coordinates of each alignment shot area. Then, parameters
of a model function (matrix equation) that represents the
layout of shot areas on the wafer W are computed based on
the determined coordinate values for each alignment shot
30 area and corresponding designed coordinate values, and the
coordinate values of each shot area on the wafer W are
determined by using the model function whose parameters are

computed. Next, in accordance with the determined

coordinate value, alignment of the reticle R with the wafer
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conprising a plurality of reflection elements and a reflection/refraction

optical systemconprising a refractive elenent and reflection el errzng tqghgﬁﬂz
can al so provide the sane advantages as the advantages (1) to (7) 6f

enbodi ment. 3) This invention may be enbodied into a scanning aligning type
exposure apparatus which synchronously scans a reticle R and wafer Wby the
step and scan system or a mrror projection aligner which projects a
circuit pattier perfamed rerd dhe Rigmwlta pedftariwaed athe redt eecte oh opti cal

system i ”Ct'rlé‘i’{%%rar raldton Gndiefd /Gl QN &l EMBES, Furtfiers fhis

i nventi on may be enbo ied i an exposure apparatus of a step and stitch
syst em or callexdesureamhepprardataiolef] alprgxarntt y(EAst esyorera, cont@ttisyst em
In the 15 ste nd, stit sy ei ther_ one ti osure met hod
and scannid?llgS CngO;’cj)lSoesdu r'e ‘met hod r?a?r@]bee‘ u@%cf‘ rlaetrget ﬁjem?a}fa%rrﬁeﬂbégtﬁéﬁ%’?%r ring a
patst er n t uddcivashiain atcea.6 IFA44PY artdhiist s mwente spomadiyndpel efrboh teeht nt o an

exposure ar at f ar. nufacturing a thin-filmmagnetic head or an
exposure ‘apgara ’uéshf’g% hr?ar?ﬁjfsacc]tou%rneg O;En "fhnlacghe apri cklurbcodreE\)/?lE:aet.ed
Furt her notesregi rhasymid fisremdtiech is acquired by anplifying a
si ngl e-wavel ength | aser of an infrared range qr visible range, which is
enitted from agﬁlﬂﬁ? $t Oéiglﬁrtﬁ]& 0 qraesfgorreo%% fqﬂbee?f?fag%vfl,n%ya%g?'?tbae?es‘
amplifier in whih, fdddorh rexa®mlithe eytigpad af baiis esdiboum maek ytiié un) is
doped, and then suhjectjng it o wavelength conversion to ultraviolet |ight
oy list ng IR IRMOHE G 14 yik i e o el . BRPeL et ioh e
Speci fi caldate® en gihata itike; eascivd At o Mey eldenoidd ofha sumgt ecueyel engt h
| aser is set_in a range of 30 1.51 to 1.593(Lj|]Tm 8X€§m)ni cs. whose gener at ed
1H0

wavel engt W45E5 Parks of LOIE¥ ] P GY BT RETH Tt WhosEe gelflr at ed

wavel engt tor scHeh viafleange, ofThihd, tin sl drmate dudgutioMotestihal €he
yttriumdoped fiber laser or the like is used as a si ngl)e-wavel ngth | aser.

229 2 8 CEFWHoPAHE Y FIs e 1P | dMHdR 1351 1Pt ot 1#RS ultra
vig et |ighixd ange (wmer] englth Hfpahtite dRthd® 80 ndReaNsh@ O NGes

wavel ength range, but may be of a shorter wavel ength range than the vacuum
ultra viol"&f85 ght rfdnddie 5iangy.of Xranfenrrite 3 (Y RAtedat ged particle
rays, suchyaso® £6dd O i) ANME an dairdeay s 0nge exany) enit héstd nventi on
may be enbadi ed into _an exposure apparatus that uses, as ggég),oczure | i ght EL,
light frohDE IWET gladhedsighie sodr & HPISGSHY a-SortIR A2 Bnge, for
exanmpl e, Ea&tdD: (Had riam Wdua iotet )nd dightmiayingn e, wamel engddredsds. 4 nm
or 11.5 nm_which is generated from SOR Note that in the EUV exposure
apithr at us, tRE rlefPRASHHET ViRF rEt i ¥ rask) is used and the projection

optical systemus fd aduCtd O SYSHeM W0Se (rreges S48 f RCes Shelee atippe s
telecentric, and is a . , ,
wafer W in computing the positional information of the
individual wafer marks WMn, WMn'. This does not cause a
detection error originated by the movement or the like of
25 the wafer W at the time of individually detecting the
individual wafer marks WMn, WMn', making it possible to
accurately acquire the positional information of the
individual wafer marks WMn, WMn'. Therefore, the number of
alignments at the time of transferring a new pattern
30 associated with each layer Lg, Li2 onto the wafer W is
reduced and the alignment is quickly and accurately
performed. Also, a new pattern is quickly and accurately

transferred, thus improving the throughput of the stepper.
(2) According to the stepper of this embodiment, the
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15 reflection systemwhich conprises only a plurality of (about 3 to 6)
reflection optical elenments. The el ectron ray exposure apparatus nmay be a

direct witing system (including, for exanple, a pencil beamtype, gbé
pr-oj ection type, variable beamtype, and bl anki ng aperture array t?yB me

the like) or a projection system (for exanple, a system which
si mul t aneousl y exposes areas each of about 250 nm on a photosensitive
subst r at e iusling cualr avesirar extr kend¥in, W' care atgpreayide fakl sabkhin

advant ages as_t advant ages. (.1) to (7)-0f, the.enbodi nent. 25 4) In this
ebodi ment RIS GeH VT L SR Kb ar e BT o T 1R er "rmr ke
WML and t leevindd vAdual Theardksdarfs SiB? 1z \WBa4hi rodd trieer Is exbholv svaf lee  imaa s WWR
are arranged .alternately,, The mark bars 11- 14. be segparated into a
plural i ty%dfcﬁpoc VI H bﬁoo&asojfkl%’hesu V\erfy baa%‘/%/B%‘%él}? " may© be
arranged heitrvee ete tidwasieorbl @t ks ,plasrslhiown oh wa fse B4R s andh ( Sin ' Furater,

t he nark rs VWB21- 24 be separated jinto lurality of.blocks and
t he bl ockgC § T 9% s rwr%%nﬁ‘ﬁ}%saomw At TR &%c eo"fa{%ﬁ Yecond waf er

mar ks VWR dreyrdier s r atigiesthnediterinatead 9 1y 3daccrat @by 2od2qkluck her nore, as
shown in Figs., 8(c) and 8(d), the individual mark bars WwB11- of ;the
TIret waf G Qi HRLN I AT (o Rk S Vol G ShRE (FB e vh U8f e k
bars WB21z \WB24 10ft  her secorngknvafat s kea ML wpy be 5 arranged
consecutively. This can al so provide the sane advantages as described in

(BOto (7) of tHe SAMMIRHMEEY HFhef et b s VRERMY IS edich wafer mark Wh

My be ongrddhettiR®d Madive PleDf£21db6 €38 BhsSPe NS OVkEE d&eisame
advant ages_as described in (1) to (7) of the 10 enbodi nent. Further, when
t he nunber3%f (el ko BRE S SABANEEL T fuceire ¥ e wle? ef L i ks HwAr ahld® t he

reticle markse:RMIDle tr@nsf eriemndr-dOronact ihe aef &t 1o ksr Whe can be
sinplified, which is advantageous_in producing the reticles, R 15
Fur t her norEdd Wk era ity K ih Bt Woth e $etP IS ohetif nERR9Bnal  mar ks

buis may be, tvergli qepsionad . marksehd©®) eXxapl Sossibis POSsible to use a
wafer mark in which two sets of mark patterns having a plurality, of mark
bars arrarfRjeER 1FEReRE X fi thR 1§ &7 S HIRRF BtPGRUSE pr b deter dideking

di stance apafd-@ywha plurality of mark bars are arranged in the Y direction
bet ween those two sets of mark patterns. In the case of using a

t wo- di mensi onal (Far IACERR VA HUE? Posi 3 bal mamt bR ¢et § bd i e tRed xefixi al  and

Y-axi al digecd i GRsosaRede, agtli d&dbRy ﬂn@efiy%ﬂei@ﬁi@@i@% 1heeFlAisystem
25 without noving the wafer stage 25, thus nmaking it possible to further

st ten t hes tSAEEFRGUTHEY B aligHmmtcoaher hede? FRe kPWRReTeshdt FRmited

to a cyclig pa¥ke rbUindByYaidke dyrShoPEe FOFkEXAIPLE, the FBYi HEe AR
rectangul ar mark, socalled box mark or the |ike. 30 Al t hough the wafer

6 h
mar ks Wh "8 ECH oF$relel Hye devan Dt e dri ot B Mt 2t et d’f(i)’lgtl'tl% PRPEOERBOAF nent ,

a |atent ipmoe; for medhoni & PR o4@siSttédyes FRISPYLHSiNgePra8edsWahgr nark
WWpr as shown in Fig. 9. In this case, as the optical characteristic of the

phot or esi stt¢Birhaneeee g, -Barning the wire layer Lm. On the wire
25 layer Lm, for example, a third interlayer insulating layer

is grown by vapor phase, and the photoresist PR is applied,
after which a pattern on a new reticle R is transferred. At
this time, the wafer marks WMn covered with the wire layer
Lm can be used as alignment marks.

30 (4) According to the stepper of this embodiment, the
image of each of the wafer marks WMn, WMn' formed on the
light receiving surface of the FIA system 33 is converted to
a predetermined image pickup signal SV. This image pickup

signal SV is processed for each wafer mark WMn, WMn' and
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2 8 OCT 2002 exposure, the wafer mark Wvpr still in the latent inmage form
can be detected by the FI A system 33. This case provides such an agwghpgggmz
as to be particularly suitable in a nultiple exposure process for

| ayer on the wafer W5 or at the tine of alignnent of an exposure appar atus
for aliquid crystal display, in addition to the advantages in (1) to (7)

of the enbodinent. 7) Al though the conbined mark is conprised of two wafer
narks Wh posthisnehbodfoemition hey deckhonpfésedank WOnt hWde'waser narks

t he Conblneﬁmgaéidnay ey OéO{hgéggglf%%ﬁlﬂsin%g£ﬁgt g %9(Eﬁe Further

& conprise or nore ma er
nDdlflcatlnmdshnWmﬂwwéigﬁ lOr s | WMbe @M@Ia$hmdlt§héods%gféeteatkd VWB are
fornmed on fhe Lmand a 15 fifth layer.L5 (thi interl ayer
| oul at | natTapEroTe oy HEo pRR e fabtet chb YT 485 oF Hhie' WTRERAGRr Lo
by vapor phbisethdhednre aapsecedesdi neth pahé epactsrhranshber tednsdetrhedt hird
interlayer,insulatin Iay %ﬁ% and patterning is carried out. At this
time, the h%f%?q%bf? f the 20 individual layers Lg, Li2, Lmare
si mul t aneously ﬂméE@tBﬁ @yca@e GméréysmenmﬁslcNme@hah&cméreStayebfLﬂhés

opaque to the_ill n on ht JL,inthe FIA s the substitute
e i aact Ok ot Poat I Lrat R’ Lhr cHAURY ROVIE W4Ter BSF Fonal

i nformati omef wine' i msly vé deeé V\@épénaﬁn@%ﬂisa VBALf W8Bente Betputadtheom the
detection result and alignment is erforne ased_on the positional

i ntOr mat | AP ETRE2 &P | ghneft , CoRET ? t?%el %Y%é%ﬁ%ll?ﬁ?BFnﬁ?roHl€coBWdlnate

val ues) ofrRaghos, area %myweeﬂgt es pimedr ppsed @Heﬂb@t’@@ﬁ' tional
information of the entire wafer 30 makers WWI- WB. , alignment na%
n'

carried out2BaSREMSNTLRR, PBRAR | ohath$ ntofHat fient Waﬁ%¥ema P KEMpRHY

correspondiNgrép theml ayeh dh@éri snassnei ahedsW thvanpaht 868nt 8 B8se,
transferred next. This permts alignment of a plurality of related Iayers

to be perfbfnbd REFRIRER FRAIRPYIANA HRYRRPYM PBROCes91RIcpyibapse ©

15 the signal waveform of each wafer mark WMn, WMn', eliminate
the influence of the signal waveforms of other wafer marks
WMn, WMn' and accurately compute the positional information
of each wafer mark WMn, WMn'.
(5) According to the stepper of this embodiment, when
20 the bottom levels BT1 and BTZ2 of the bottom waveforms WLnm,
WRnm of the individual wafer marks WMn, WMn' differ from
each other, the sensitivity of the image pickup device 34 is
adjusted for each bottom waveform WLnm, WRnm. Here, the
sensitivity at the scanning time is automatically switched
25 to scan the image of the wafer marks again so that the
difference between the bottom levels BT1 and BT2 of the
individual bottom waveforms WLnm, WRnm becomes smaller.
This provides the image pickup signals SV of the individual
wafer marks WMn, WMn' which have approximately equivalent
30 signal waveforms based on which the positional information
for each wafer mark WMn, WMn' is computed.
Even when the bottom levels BT1 and BTZ2 of the
individual bottom waveforms WLnm, WRnm of the individual

wafer marks WMn, WMn' differ from each other, the positional
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8) In the enbodi ment, the positional information of one or nore wafer marks
Wvh, WWh' is selected based on the correlation with a circuit patt rq:ogﬁ gﬁm
transferred. Instead, the average value of the positional informatfFo

t he individual wafer marks Wwh, Wwh' nmay be taken as the positional
information of the wafer marks. Further, each positional information may be
wei ghted in determning the position of a wafer mark (shot area SAn). For
exanpl e, a vighgiett Min mey thee gindsinv idug hevplost tnaned WO i nfdn hetdonbef t he

first f k - wei. ght ' h iti I
| nf or mat 1 GPBTTE b o s e e P IR 08T on o e

shot ar ea SAwstvdrerie lal itrhcuidanpatinerge qnidhe retgrdae R sholt di pe

transferr may. be deterari.ned. Here,. n the i ght is.set, for 15
exanpl e, sﬂ‘?%{yef?%%é)eososflr%lesdt\ﬂ pgelglﬁmﬁyv\cﬁeei’%%%@ en%gl/g-%% 2RFT A to e = 1
- W It ivweyprsimiaWiengt WHrins WHineh thoa s v dmd Y gehavegghint oi gl | ayer
that is associated wi.th the pattern on the.reticle Rto_be transferred.
Thi's ach; eVae Lot Al AR GO THe U (oe 508 AR T 69FE Fo be
t ransf err egh o rensiky et ,i vivradj aist mentdofedthed add Qe 1 of therpagétern on
the reticle Rwith each pattern on the wafer, Win ﬁCCO dance, with thlg
degree of T+ \BIFTOIY tHAUCTHH I h P B E VA hg We? GRE 51 ¢ pRUraf

pi eces of osfdimandleddifof Mt aedhdledi@rihaimgrdde @5 Posiha dnal

i nformati on of the shot %rea SIAI\Tg‘iS di sc%sosed in, for exanple, Japanese
Undkam nedPrteémt PHHTCatT O ING! SOUGEBES arif | T8I0t rREPORIF YT U. S. Pat ent
No. 5,532,091, the dissdasitiEs®ichhi stemser | GiEofpDs admsohienehn, byhe
reference. 9) In this enbodi ment, the position of each wafer mark 30 Wh,
Wh' s cOPtRES P AR it SN dtheridtohes geer i he Fgt3thene,

t he inner-&dnge det eriE A SSherdhands t demdolhd esshope det esnéoptag sghene.
But, two or nore of the three slope determnj ngnschemes may be selected. In

this case,2§toT&prefErdbl e HAC1HeS Ho'st R dhat ¥R Dr it Fod indivigugl ot
2002 that ysrepnpatied fat, apslr Sﬁl@ﬁd&ﬂmi'&@@ Ee4€) N NP8 CPEFEL i Snal

wei ghted and the position of a wafer mar shot area SAn) is then

det er m ned:NAGYNTHIYN tPHe YRR | 1B HEFUG! Rﬂﬂ%%flﬁr]ﬁ%r‘ﬁb@nwn maySbe 5
transferregtoutde, photoresist |ayer PR that covers the topnost |ayer on
the wafer W and (the latent inage of) the transferred and fornmed wafer

mark Wh may belBdtul$ andtristss det@rd bdld byetdetomi ¢h the WRFLYidERk W

that is fojqed: apadks l@ast wie of s td@nd @Y&d Sod-Orhd i ot L1 Theghaansfer of
10 only the reticle marks RMis acconplished using a reticle %2 whi ch has
oMY a marREpeeteind faRtd Attt bye shHiel AYABCERE p2RERER) aPEatPA on

the reticlendi§IQmt NeoexnRSH Rt dalnRy wRaRSoofrhdensekishesblind 14.
Thi s case v&)rovi des such an advantage as to be particularly suitable at the

time 15 of WMRRR|pf the HdbridRLl prekssithrbd WHhe ¥osur eTBpparatus and to

be abl e tos@yiekhyi /N0y acLrbal €|y IBaSHF £or her bt INRENhe PHESLBLORaLI N
addition to the advantages in (1) to (7) of the enbodinent. 11) Although

the FlI A sysEQFmation of natesiideviditek Dof arR3r AR WAY, VMM t AU hEO

rej4 ected &ﬁ&hésﬁméfpwébetw@fﬁﬁdwi&%i whrtPendtkymimaal i gant i ght 1L
generated from Tor exanple, the halogen |anp 35 nmay be branched to

| ! : y .
Il | uni nat et REEUGHERXERrKRATR aklEl %, Clopreher ¢ neesS Hat RsETRUBRECTE FR§ be
il1Tum nat edrdEt8ibh! o fatdonidh obt ¥ Chod st J6RST al Blormation of the

individual wafer marks WMn, WMn' and thus improve alignment
precision.

30 (7) According to the stepper of this embodiment, the
cross-sectional shapes of the individual wafer marks WMn,
WMn' (specifically, the cross-sectional shape of the coat
that covers the wafer marks) are estimated based on the

materials of the layers Lg, Li2, Lm, the forming methods,
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25 froma separate light source fromthe hal ogen lanp 35. 12) In the

i ndi vi dual enbodi nents, at |east two wafer marks fornmed on di fferegts pejrez[mz
are simultaneously detected by the FIA system and the i mages of the "a

| east two wafer marks are detected with different sensitivities or the

i mage 30 pickup signals corresponding to the individual mark imges are

subj ected to waveform processing by different nethods. However, this

i nventi on @rach tee golapt eibt® ¢hetlvaseanher@MhheWFh A gystleen dafect8.a waf er

mark Wwh fornmed on single |layer on_ t fer In i |.1 hough
one wafer ﬁ%ﬁi&v@% €%ﬁ © %F%%én %iugﬁﬁ he Tndex %%?ﬁgmiﬁﬁgﬁdg$he§ e
det ect ed bysthel éage pbtcdmgpt Jevl Te. 34Thehef onagei pi tkupnsegaabksryayobe
acquired p% fhaggiagpthf aforegentioned sensitivit% bet ween t he wafer mark
Weh and t he®thdexS W kST affat T3t haCh iligeS prtkup B st ghal’s of the
waf®r mar ko AMe amdi § hier d melexr fed kiso TEhanda fér Ny becsubfecird thewavef orm
processing by different nmethods (the outer-s]ope, determ ning schene, the
53 L0E o e oPrptp

i nner - sl ope*ART & fri WP R StHent " And T HES OB € def ePRPHPRGRENERE) |
That is, thereetwecti on conditions (including the 10 aforenenti oned

sensitivity, mavef§r€1grocessing, etc.) may be varied between the wafer
mark Wh and t h&'PPHeXHat ®2STR and TL. Even when the WA reference mark on

the reference ptRie &lpodNséeatnd bhemvaieietbak ¥¥hioks.detected by the
FI A system the detection condjtions nag | i kewi se be varied. 15 Further,

t hkO det ecti on cbhdi Thbhs! MEGN bECR ARG R BT AREhSE hen r 8Ri ERBOREFR RM and t he

vaf er marka Mbhrhous heo Al hamuentc SYsh@m ofii 3p 89y cakhed hbraughqthg reticle
(TTR) system which uses the reticle marks RMin place of the index marks

TR and TL ®FYSFadl ¢hrbad| §euktRces # RIFeN? cHéSharks WM SRdEY0 "t he wafer

mar ks WWh. qiRdn & dheuoh ID@k@'égﬁﬂﬁﬂél§V§tgﬁ1§§t§€?hQY§$ﬁEth€BQQn§rOCGSSing
systemin each enbodi nent, for exanple, the wafer mark may be a

di ffracti ohryrafehy BReMaty’tehdf RLRkRti nGUBFREFactRE8 FEGRPEEr the 1ike

geper at ed £10gnhbEt Zre MREET o ITBE Ki SBYMBEd eMPhOYREy B8 sahpreal ted a grating
alignment system which is typically an LSA (Laser Step Alignnment) system
or LIA (La3bionnReekfef oleddyidual i phkeatry eyspentsThe ﬁsmpégépéﬁmuses waf er

mar ks eacho£QHPhLS1 PPocl s 3P exanprerrangl Hrphi:by19fysguapgrdets, detects
scattered light or diffracted light that is generated as a predeterm ned

| aser beanismepFadiated orcrhePharerMABPRI AAd2nBESHPESTTABSHOSNPFON of
each wafer,parksahnyiPg LLépsystem ogachayebesnmarkaksrfarmed like a -35

20 In such link exposure and multiple exposure, every time
a pattern element to be transferred is changed, a reticle R
or photoresist including that pattern element should be
aligned with an exposure area on a wafer W or a glass plate.
That is, the number of alignments per layer increases in

25 accordance with the number of pattern elements. The use of
this invention which simultaneously detects a plurality of
alignment marks therefore decreases the time needed for
alignment.

2) A circuit pattern on a reticle R may be transferred

30 in equal magnification or in enlargement, instead of being
reduced and transferred, to a wafer W via the projection
optical system 24. Or, the projection optical system 24 may
be any of a refraction optical system comprising a plurality

of refractive elements, a reflection optical system
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2 8 OCT 2002 diffraction grating, two | aser beans having slightly different
frequencies are irradiated fromtwo directions, the generated two g 2
diffracted lights are made to interfere with each other and the po%tQGHﬂﬂ
each wafer mark is 5 measured fromthe phase. This is called a heterodyne
system and a honodyne system whi ch does not give a frequency difference
between two | aser beans is known. Further known is a system which noves a
waf er mar kcargl@its gy tao wltsdaﬂgﬂia/lqiﬁsecreﬁ)]e@mm @b@;mt%ltarh@a«st a pair of 10
dlffracte ht,s; f r ffracted
ights, tgrélfn%é o% @{1 CCejcac éé?éaam?fecée?v%osm ESin hou % g%
aI i gnnent eslyesteam |asncas:saﬁﬁerbttimrbeelaermeﬁﬁam'ﬁm&g/sdamdrs@qmm*endb@dtmm, t he
through the reticle 15 (TT stemor, throu t.he TIL) system nay be
enpl oyed iHE1% eaadJC Ha%e ﬁQR zri//staeaﬂ% 3% ﬁ@d {f r?%‘léd of the

retjcle rrEﬁrnlbd%Mni@ftrred on the reticle R and a pl urallty of wafer marks Wnh

on the wafer Wjs rrul taneous dete b%%g (ihe RA system 32 and the
position of ea rfd}‘IF“Itrf‘ HaSeth dh 3 heCHAERT enent

si gnal fr@rmidweu@wswé %‘H;ﬁa?suﬂeﬂ atmﬁa&Tdu§mtﬁcfn Sy e Meds DRI Kc£08p4i sed
of aplurallty of WaaéEZ{ etected%lathe rojection 25 optical
system 24.F "f%l{ Sat'r%% VidE t AbvAnt ages as
the advantn@ge@zf J;)rdjOec(tB)orofaleiaﬁ’fmermoﬂtmq é\fté e@séu_ac@ﬂf tpgttéhe
projection optical, systemwhich has a pluralit optical e]enents

PR a0 T ea Grh e HH e b bt @ HERPT b Y39 A T S | Q) G55t em whi ch

conpri ses pdtdrpl hPRIdiGA] £IEEnsi y nef Uk il @Y SPtd Catheh i €grator or the
like) is fixed to a frame which is supported by a plurality of vibration

proof pads Y OPtdal tHd uStHREHECHMANES | §TRRHERST o oPt | €POLYER em and t he
projecti oy fals -0 a step and stitch system or an exposure

apparatus of a proximity system or a contact system. In the
i5 step and stitch system, either one of a static exposure
method and scanning exposure method may be used at the time
of transferring a pattern to each shot area. Further, this
invention may be embodied into an exposure apparatus for
manufacturing a thin-film magnetic head or an exposure
20 apparatus for manufacturing an image pickup device.
Furthermore, a harmonic, which is acquired by
amplifying a single-wavelength laser of an infrared range or
a visible range, which is emitted from a DFB semiconductor
laser or a fiber laser, by a fiber amplifier in which, for
25 example, erbium (or both erbium and yttrium) is doped, and
then subjecting it to wavelength conversion to ultraviolet
light by using a non-linear optical crystal, may be used as
exposure light EL. Specifically, given that the oscillation
wavelength of a single-wavelength laser is set in a range of
30 1.51 to 1.59 pm, 8X harmonics whose generated wavelength is
in a range of 189 to 199 nm, or 10X harmonics whose
generated wavelength is in a range of 151 to 159 nm are
output. Note that a yttrium-doped fiber laser or the like

is used as a single-wavelength laser.
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2 a ocT 2002 systemare carried out, and lines and pipes are connected to
the reticle state and wafer stage which conprises nultiple nechani cal
conponents. Further, the lens barrel to which a plurality of opti <af OCT 2002
devices constituting the FIA systemare 5 fixed is secured to the frane

that supports the projection optical systemand is connected to the main
control system 23, and then general adjustnent (electric adjustnent,
operational cheta negpeederg ligghperdorimedhott huim ctosgl ©d i tige t hecwmnuf act ur e

of the projection aligner shown in Fig. 1. It _is desi le t t he

exposur e aat‘{fsoalbeetg actitEy {:‘Y&e]cef%%%‘ r%%n?%‘btse{?(znib%rgﬁjr%ménd

degree of aleannessgar evoeriidrajdredcarysemeontuctios seva cehdstemnuf act ur ed

by designing the function and performnce of. the devjce,. producing reticles
LiaRer rande

15 based O YHEHES it %5t o ngd'% VEFEM i+ 19 1eon ’
transferridgy patt erdgs By tiree retie) esr tehdhgeaadert oyl & hea XpPosucR as
apparatus in Fig. 1, assenbling the device (including a dicing step,
bondi ng st®FHIPhaKEYIHY Qep)°n iBrGect ivh A SHPTRTEH. ThB 2 8 OCT

200T CLAI MR 1JlentANbEXROS UL ST IS edTPdn Sé £15b Su P& Ko posht h Onc glgt ecting
mechani sm whi ch detect's positjional information of marks on a substrate on
whi ch a pl4Fedi t35 AXRErS haht dden Foihedt TAMEP whi THE tPswdRersi@pat t ern

formed on @ msk 40 Ovptd apr al deastxong, ofaddie, PRS+ esRsmpESPegtvvel y
formed on the plurality of |ayers based on detection results of_ the

merk- posi t {foft TRt} g nEedEr s 1 dierka Wl e it ke PRI £ o dbd et MRg

mechani smdnci 1deshna (e | 18 Gelecddan MeGhagbem whbed shatl 1anegusly
EUV exposure apparatus, a reflection type reticle (mask) 1is
used and the projection optical system is a reduction system
whose image surface side alone is telecentric, and is a

15 reflection system which comprises only a plurality of {(about
3 to 6) reflection optical elements. The electron ray
exposure apparatus may be a direct writing system
(including, for example, a pencil beam type, cell projection
type, variable beam type, and blanking aperture array type

20 or the like}) or a projection system (for example, a system
which simultaneously exposes areas each of about 250 nm on a
photosensitive substrate using a transparent mask). This
can also provide the same advantages as the advantages (1)
to (7) of the embodiment.

25 4) In this embodiment, the individual mark bars WMB11l-
WMB1l4 of the first wafer marks WMl and the individual mark
bars WMB21-WMB24 of the second wafer marks WM2 are arranged
alternately. The mark bars WMB11-WMB14 may be separated
into a plurality of blocks and a block of the mark bars

30 WMB21-WMB24 may be arranged between those blocks, as shown
in Figs. 8(a) and (8b). Further, the mark bars WMB21-WMB24
may be separated into a plurality of blocks and the blocks
of the first wafer marks WMl and the blocks of the second

wafer marks WM2 may be arranged alternately.
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detecting a first mark fornmed on a first |layer on the substrate and a
second mark fornmed on a second |ayer different fromthe first |layer on th
substrate as a conbined mark, and a positional information corrputi21@ ocT 2e002
device, which is electrically connected to the one tinme detection

mechani sm and whi ch conputes positional information of the first mark and
positional information of the second nark based on the detection results of
t he one tine defecthermoeehans sshowmdinhBigsn 8le) pabtdeBiidbn the mask is

al i gned wi [ t ] € bstra based, gn at
| east one %?dfﬁgdgggif%g%2$9¥%?@$%g{ﬁ@ﬁég? ?Ee£$$r§¥rﬁ%r ggﬁa P%gks
posi ti onalWihfroayeibe car odngdd secoancuthav&l goapdt ede byndiheipgosit nan&

information_co i j ce . _The exposutre_appay at according to claim
L oherei Pate T TR (5 P T PR Reh TR PR R 'S gnal s of
thesfirst anfaseedndomsedst 1 veby gnatisi havangasebspantiasl yheqeamal ent
waveforms to conpute the positional informmti of each rk. - 38

T 2005 FIHRLIRstr CSTEht BTtel Ao bof dbag 15 OF af AE 1eMBRSH BPRCE he

posi tional infosmatTion merpubang wesmneeo L ospthesatde paskt WaNamaynber mati on

of each mark by applyin rocessing conditions different fromeach other to
each nark.oﬁ?'%Ewggp %ﬁg%Paﬁﬁa 5Y%goﬁHP%ﬁetraigf§r§a% %L??e?ﬁongﬁEHBSn a

mask to a substiarentSQEPrasi Agscailoae ihmelpetect7pnoaeehani sm which
si ul t aneous| detecting a first mark fornmed on the substrate and a, second
met% for nefrdineRtondt SEk fete WrER eFeRit NRPBRT a°F i PR K SHRFACEMBA™WARCh t he

first markréguéodreehe aglfar NASHES OMdh ARAOERAL LONi 60APMALRE HRVEEE, Which
is electrically connected to the one tinme _detectjon nmechanism correcting a

si gnal cor FERPHRAT AYNE hand i FIMHRY KERRdWALSF gRar ke of¥RsEdRdPRg to t he

second mark;imphi eNe@f ewiletigCt £dadyah b8y OHEst L REpHeliget hgnt ABChARE 8Mpst O
signal s having substantially equival ent waveforns, and conputes positional

i nformati ofh- of each mark. 5. An exposure apparatus which transfers a
pattern formed pRrendBHkrd0 EnSUPSEEAt Rar ROMMIhSARE not limited to

one-dimensional marks but may be two-dimensional marks. For
example, it is possible to use a wafer mark in which two
sets of mark patterns having a plurality of mark bars
arranged in the X direction are provided at a predetermined

20 distance apart and a plurality of mark bars are arranged in
the Y direction between those two sets of mark patterns. In
the case of using a two-dimensional mark, individual
positional information in the X-axial and Y-axial directions
can be acquired by one time detection by the FIA system

25 without moving the wafer stage 25, thus making it possible
to further shorten the time required for alignment. The
wafer mark WMn is not limited to a cyclic mark, but may take
any shape. For example, it may be a rectangular mark, so-
called box mark or the like.

30 6) Although the wafer marks WMn are formed by
developing or etching according to this embodiment, a latent
image formed on a photoresist layer PR may be used as a
wafer mark WMpr as shown in Fig. 9. 1In this case, as the

optical characteristic of the photoresist is changed by
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a one tine detection nmechani smwhich sinultaneously detecting a first mark
formed on the substrate and a second mark fornmed on a second surfagqho T ﬂmz
different froma first surface on which the first mark is fornmed; an g
pr-ocessing unit, which is electrically connected to the one tine detection
mechani sm and whi ch processing a signal corresponding the first mark and a
signal corresponding to the second mark, which are detected by the one tine
det ecti on arshantsm theades fproaessi Mgpecoatdillons dhéf eaeshtf taayeacbrat her.

- 39 ~ 8 2002 6, e expos a r at according to claim4 or 5,
wher ei n th%aéﬁgén%eﬁ%??eg2b¥oéﬁ%dy%ﬁ ?ﬁggﬁﬁsg§or %anﬁgﬁeppﬁ?gl Fdvi ded in
an opti cal ssyistem adiviheagaeat i v et patt ooulrehanssitaBleThe exposure
appar at us aCford'ng toclaiml1, 4, or 5 wherein the IuraILty of. mar ks

si mul t anedBet LREE eB¥RAS BT t RECHBEhahPEnf af L ABF kS2 YR eCP e By"E6RBi Hi ng

mar&s respggtivetyefoimBdopnatififregnt ofayer sxpostbe sppstrahg wbihhn a
view field of the nechanism 8. The exposure apparatus according to claim
7, wherei ntpoeidi opusterhi dtpREdHN HF 2adFREkOPrBYi BRE BAVanfager oR wWhich a
pattern asggciaf edrWhd ampswimahtern to be transferred on the substrate is
formed is selected fromthe positional information of the plurality of
marks. 9. The eibos@%%h%ﬁﬁﬁrg@%sc%%éb?%@n@aFB tFarArrriGadr efntyhe

plurality of romrksriochvde; Qnendf ampsiimdhica firshynBekcbRpIBRdegnog first
| ayer on the substrate and a second mark fornmed on a second | ayer forned

abbVe the FR¥FSe vafer mapka WALr. ofMeheécandsharr #8r mearofxpRBLSecond
layer and pj§gubsihiyieaqar ko{Qy medr@pch8e, SeRENEchBYREdaha®k may be

comprised of four or more wafer marks WMn.
A modification shown in Fig. 10 will be explained.

Third wafer marks WM3 are formed on the wire layer Lm and a

15 fifth layer L5 (third interlayer insulating layer Li3) is
grown on the entire surface of the wire layer Lm by vapor
phase. Then, a predetermined pattern is transferred to the
third interlayer insulating layer Li3 and patterning is
carried out. At this time, the wafer marks WM1-WM3 of the

20 individual layers Lg, Li2, Lm are simultaneously detected by
the FIA system 33. When the wire layer Lm is opaque to the
illumination light IL in the FIA system 33, the substitute
wafer mark WM1' is used in place of the wafer mark WM.

The positiocnal information of the individual wafer

25 marks WM1-WM3 are computed from the detection result and
alignment is performed based on the positional information.
The alignment, that is, the positional information
(coordinate values) of a shot area SAn may be determined
based on the positional information of the entire wafer

30 makers WM1-WM3. Or, alignment may be carried out based on
the positional information of wafer marks WMn corresponding
to the layer that is associated with a pattern to be
transferred next. This permits alignment of a plurality of

related layers to be performed more accurately and quickly.
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position corresponding to the first mark. 10. A nethod for detecting
positional information of marks on a substrate on which a plurali t&%o@CT 2002
| ayers have been forned and for transferring a pattern formed on a nmask to
overlap at | east one of the patterns respectively formed on the plurality
of | ayers based on the positional information of marks, the nethod
conprising the steps of: - 40 2 8 OCT 2002 simultaneously detecting a

;i rst dmar k for rga)dd01|m aHed a@ﬁdc&yﬁnto,n e sSobst I @t€l andf arseecdod oark

ormed on a second layer_different fromthe first |layer on the supstrate as
a conbi ne®HasK, HE CBHSR i oM orfdin | njf%r%%‘?%%e%fb?ﬁ%df??sfhﬁark and
posi Iti onalccixrtgeolramagtc;romﬁh tah&:isﬁﬁd oilrtd m&@ﬂﬁsm 05y ﬁiﬂﬁ‘@féﬂ@@(ﬂai Eed bK t he
si mul t aneaqus detection step, and aligning the patfern, on e mask w a

pr edet er m E‘éfgosttf‘ree At %‘far%él%tfbét ‘?é’%%stejdorb?ll at"teEBitone 8f the

comput ed ivHorivaliwitiefl therdd medr vRIAM@NdiNMe FORILE eeh poST 45 0PRE
information of the second mark. 11. The exposure nethod according to claim

11, wher eifP$He Tmput iy et Mt Jdts Cdrecdt?fE®signal s of the first and
second marks tongianal s di %ﬁ%&ir@ﬂ'ﬁkfdm@&@id@'rﬁ% Mavies p§RBediOin
conpute the positional informatjion of each mark. 12. e exposure nethod
accor di ng 4PN, R R 1 Lo IR stapki hehebearednpdii ng the
posi tionalpd nformmiion of canlt mar kndy BPRIWOY 5 ocesshHg: €044t ons
different fromeach other to each mark. 137 An exposure mnethod for

t rithsf er rifff arpait i@t P f orfiredf bista Wk tler Bk Ut rand, 2 t el gt hBd may

ConpriSirEbérgiven to the positional information of the second wafer
marks WM2, and then the position of the shot area SAn where
a circuit pattern on the reticle R should be transferred may
be determined. Here, when the weight Wl is set, for
15 example, in the range of 0 < Wl < 1, the weight W2 may be
defined to W2 = 1 - Wl. It is preferable at this time to
give a large weight to the layer that is associated with the
pattern on the reticle R to be transferred.
This achieves accurate alignment of the pattern on the
20 reticle R to be transferred and ensures fine adjustment of
the alignment of the pattern on the reticle R with each
pattern on the wafer W in accordance with the degree of
relativity. Note that the method of giving weights to
plural pieces of positional information and determining the
25 positional information of the shot area SAn is disclosed in,
for example, Japanese Unexamined Patent Publication No. 7-
249558 and its corresponding U.S. Patent No. 5,532,091, the
disclosures of which are incorporated herein by reference.
9) In this embodiment, the position of each wafer mark
30 WMn, WMn' is computed by selecting one of the outer-slope
determining scheme, the inner-slope determining écheme and
the double-slope determining scheme. But, two or more of
the three slope determining schemes may be selected. 1In

this case, it is preferable that the positional information
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steps of: sinultaneously detecting a first mark fornmed on the substrate and
a-second mark forned on a second surface different froma first s BqﬁﬁTqmﬂz
which the first mark is fornmed; and - 41 2 8 OCT 2002 correctiﬁg

si-gnal corresponding the first mark and a signal corresponding to the
second mark, which are detected by the one tine detection nechanism to
signal s having substantially equival ent waveforns~ and conputi ng positional

i nf or mat i orhatf eEactomputed 1for Araex posle et et Hbdpé odet e anshengi sghampatt ern
formed on a nask to substrate, the nethod copprisin

si nul t aneot$1Y° '%%$EH§§ 205 RS Het 9 19 n%dw% {h%aggbi??gfe gﬁﬂ %Agécond
mar k forneﬂSOMh@nS@@@@ﬂnﬁmédace di fferent fron1a first surface on which the

first mark is f and roceSS| a sjgnal espondj ng__t he flrst mar k
bnd’a o gnal - cory beaar nge o tret L Batk S, COAEER Br SKOCPUEL ol bybEhe

onestinme dﬁ&@éf@ﬁré@&f@“ﬁﬁéﬂph@@@fe@i@@eﬁéi@g ernthit opsverEf enent from
each Othertopmost layer on the wafer W, and (the latent image of) the
transferred and formed wafer mark WMn may be simultaneously
detected together with the wafer mark WMn that is formed on
at least one of the layers Lg, Li2, Lm. The transfer of
10 only the reticle marks RM is accomplished using a reticle R
which has only a mark pattern for alignment or by shielding
the pattern area PA on the reticle R from the exposure light
EL by means of the reticle blind 14. This case provides
such an advantage as to be particularly suitable at the time
15 of testing the alignment precision of the exposure apparatus
and to be able to gquickly and accurately measure the
alignment precision, in addition to the advantages in (1) to
(7) of the embodiment.
11) Although the FIA system 33 illuminates the index
20 marks TR and TL with the reflected light RL from the wafer
W, part of the illumination light IL generated from, for
example, the halogen lamp 35 may be branched to illuminate
the index marks TR and TL, or the index marks TR and TL may
be illuminated with illumination light which is generated
25 from a separate light source from the halogen lamp 35.

12) In the individual embodiments, at least two wafer
marks formed on different layers are simultaneously detected
by the FIA system and the images of the at least two wafer
marks are detected with different sensitivities or the image

30 pickup signals corresponding to the individual mark images
are subjected to waveform processing by different methods.
However, this invention can be adapted to the case where the
FIA system detects a wafer mark WMn formed on a single layer

on the wafer W. 1In this case, although one wafer mark WMn
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15. The exposure net hod according to claim 13 or 14, wherein the second
mark is formed on the mask or an index plate provided in an optical system
for sinultaneous detecting. 16. The exposure nmethod according to czlb i ]i%ﬂz
13, or 14, wherein the plurality of marks sinultaneously detected 6@’1

one tinme detection step are marks respectively fornmed on different |ayers
on the substrate. 17. The exposure nethod according to claim 16, further
Corrpri Si ngarid”le\rzat aﬁmc{@‘x el 66! ITR) PEBIT g.md dhé’ﬁérfﬁ‘éii ipn tfe ainwgdk provi ded
on a |l ayer ,on ich a pattern associated with a - 42 8 OCT 2002 new
pattern té’lﬁé“%préir?éﬁd&%? rorF teh e TARSS 'R S FBret “far%ﬁ?q HE-Po5TET onal

i nformati ¢y efhdrke iy Wil 4086 mdifikshed &enldte: BXROS W wadhothacepf &k ng t o
claim 16, wherein the plurality of rks include one of a pair of a first

mark for mE@ S Wi iandt GRSt R KUt raft® Hid oF ftond"art KR FoFHRd on a

segpnd | ayargrfardmest abverdie idsd WMy eindntha didx Mlatife mecond ™ark
formed on the second |layer and a substitute mark fornmed on the second | ayer

at a posi 33 RCOrSWBEIFSHAHF T & aHed M REQRATE 1D PyTHE bty dn

accor di ng £l RIBAZ 1QUpelbe ttheliglihd N rdngnal i Of i drher Irdese have first up
and down sl ope waveforns and second up and down sl ope waveforns, and the
processi nfed@idifiicrs sahampdernd s idProasssiane R IMign that ChYMHUL es

posi ti onalpyf ardmatd QN UsidNG: the SddSite @ (including the

10 aforementioned sensitivity, waveform processing, etc.) may
be varied between the wafer mark WMn and the index marks TR
and TL. Even when the WA reference mark on the reference
plate 31, instead of the wafer mark WMn, is detected by the
FIA system, the detection conditions may likewise be varied.

15 Further, the detection conditions may be changed between the
reticle mark RM and the wafer mark WMn in the alignment
system of a so-called through the reticle (TTR) system,
which uses the reticle marks RM in place of the index marks
TR and TL or simultaneously detects the reticle marks RM and

20 the wafer marks WMn.

13) Although the alignment system 33 employs an image
processing system in each embodiment, for example, the wafer
mark WMn may be a diffraction grating and a system of
detecting diffracted light or the like generated from the

25 wafer mark may be employed. This is called a grating
alignment system, which is typically an LSA (Laser Step
Alignment) system or LIA (Laser Interferometoric Alignment)
system.

The LSA system uses wafer marks each comprising, for

30 example, a plurality of square dots, detects scattered light
or diffracted light that is generated as a predetermined
laser beam is irradiated on the wafer mark, and measures the
position of each wafer mark.

In the LIA system, each wafer mark is formed like a
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sl ope waveform and the second up sl ope waveform a second processing
condition that conputes positional information using the first up sl ope
wavef orm and t he second down sl ope waveform and a third processin

condition that conputes positional information using the first dow%z &nQCmeﬂz
sl ope waveforns and the second up and down sl ope waveforns. 20. A nethod of
manuf acturing a m crodevi ce conprising the step of transferring a device
pattern foapedrastibe gaskihg, t beosubseérabeamki gaednbasedganlt/he positional
LP;?LF?EIOQQ?%6%Q§E Lgigggc ggegrgsiggadlatgépg%g&etwo g?%e% ggkgtng to

CACALAY. Bné. @&né@éiédAéW65&1ffréc@@dAﬁléhté AYeAQabeALBf iAReArErA& Af . A A
y. A@AS. Af. A, A AS. A Af. S. AsY. Asf Y. ALY. ASI | Af| . A
P«lﬁpqnn #Y%EHIEaQTC%TE%TCand the position of each wafer mark is
a]Ca]CTa]Cﬂéséh@@bcaicﬁ]@ﬁé0§m§§écal@ﬁl@algabgaléa]aah@ab@ahgabca]ca]ca]ca]
ca]ca]ca]cTa] ca] c"a! #:
[ bo} xsnid_ QYEEfEa]EaTc aT%%T@éT%anﬁf%ﬂ]EQ]Ea]éﬁfﬁ BPEaPd¥Pcad] ca] ca] cal cal ¢
a] ca] ca] cafealGahed] gateateateabealeahi kb Fet behmkdhig! khbn' ####,
$<PUK&ELE} xsni'd_Z] ca] ca] ca] ca] ca ca]ca]ca]ca]ca]ca]ca]ca]caLca]ca ca]ca]ca]
ca]ca]ca]cFafEQFEaFEQYEa]éaTc§YE PRayBaTEalPLRRt ReNafer «relagive. Q|
MW//}OO%é}éSQhH Zicalsal cabsal sabcahaaksakeal sakeake; all?calﬁa] ca] ca] ca] ca
]ca ca]ca]ca]ca]ca ca] ca] ca] ca] ca] ca] c" a] ca] cal 112, 2J2c222222
3)3 393A33Q33§gqcagg5 5g gsagenerated from that wafer mark, e.g., *
}xsnid_ Z]cglf f ?%kfﬂL?ﬁé C@l&ﬂlgalEél9ﬁ£€§k@§LC@l€ﬁ]%%LﬁaLGELQahﬁélcalca
]cal ca]ca]c cal ca calcal ?;;; <B>C>>>?7?7??7?7?7?7?7?77? GAuoAAAAAAB
BgBhB}xsnlGGZFéaFéa}baTca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
al ca] cal ca] cal cal eabaghceheake! ghneheakIBERBECICL O UEOC,DIRDRYEWE YEF FFFHH
61 71 uJvJJJIKK} xsni d_Z] ca] c
a]ca]ca]ca?éaFcQY§aF@a}@a?éaPcaTEQPéQFEE]cEP@aFBaPéapcapéaF€§P€aFca]c a] ca]
cal sl oal c3ign] oalcaLiGNDNACTEBRL BhERRLRURRRRRG SSPOTTRTREYUAUIVIV) xoni d_
Z]ca]ca]ca]calc aJ ca] ca] calJcaJca] ca]calcalca]ca]ca]lca]caJca]ca]c
a]ca]ca]caPma]@aFda}aa}@aFca]ca]calJVKVJXKXZZ&Z\Z[[\\\\Z 3_aaaccddf ggg. h/ hh

h! 6 d zZ
2] A] ca] oa) cal obc bl ad o8] CarCarEar chalBLfon AT R LRk o N B I isenpman
nnnnnloJopprqqéEr@ﬁnkvRMsf9§E§PX9ﬂ|§h2]éé}éé]éaﬁcéPéaPcQP@aFéaF&aPéa]ca]ca
t W<
o e L FE L T N1 30) oni A oPeal bar o] bt sarerarad) %%L%St%‘ﬂ] P cale
a]8@]ca]cana]Bé]éaFéea]éa]éaFcaP@aP@a]éaPéaPéaFéaPcHF@&FCaFé bHovis
fg2i}xsnid_g aLga] ﬁlEﬁLcaLgsaLgaLﬁ@]gaﬁgahcakca]eakcakca cakea] ca] ¢
a]ca]ca]cafca ca]ca ca ca] cal cal k$CK Y] ca] caJca] ca] ca]c
a] ca] ca] caPéa] ca] c"a] ca] ca] c' a] ca] ca] c a]ca]calc( a] c(a] ca] ca] c
2] cal cal oal caal 28] ERpoTeF Cay SE e ntca ot at) eare N BRI R OF i a ca cal o
a]c$a]ca]caﬁcraﬁcaycwfwwaésewmﬁ§hﬁdWMPcP§aP§aF§aFday¢a the prOJeCtlon
g]gg]gg]ga b %ggfng?LﬁakgalC%LBQLCdakgeLEQLCakeﬁahgakgal%qhgabgov1de
I, tall~"" th$%ﬁwm&&aGVahFaGﬁhca¥]pba]ady@apégpéa]éa]ca]da]caFCaP@$aLuC$a]ca
] ca] ca] ca] %%E% ]nca] ca] calcalca]calcalca]c"a]lcalcalcajcaljcalm """ "t(((8)B
V) **1+g++", E, ", - - L--- /s/"0\01D1z11h2}2}xsnid_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] c” akcapeapca]paFCapéana]oapoapcapcapoapcaﬁcapﬁaﬁm ahdéahca] ca!

22" ' 't LB) V) XA Lgi+  En e ohiac 1
a]ca]ca]ga ]Xéfb&fgg E a ca ca? %%Eg%cépéé%%g gl?ca%% Cga %Lf?gfigf

C"apca]ca]barrel and the 1llum1natlon optical system which comprises

multiple optical elements (including an optical integrator
or the like) is fixed to a frame which is supported by a
plurality of vibration proof pads, optical adjustments of

the illumination optical system and the projection optical
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61X 249) [ 913 4 SEIE {on G SCADNE on@ RBILOR() - SSA0N, ()~ GRLO% &

LGMiO%)& SUTRQEr &S &t &&h' {\: 111 10%gQq& &@O%H& ()-. 10: 10:
io oégratloégl checklng, eU:%@%s ggkfégmgg qawm completlng

109 & () - 9% O 9. @B MSI D% o ct{i(a ***W@r{ér ' @IV (F1d! @109 () -
T @109 QE 9! v@l0%v& ()-g! v10%WHvHE () -

@0% & ()Llg*iscdesiraigle NIBtgivemmes ge I&E@amm kg -mamBAQUR FEMR () -
LI 109%& () ;rofs Y&IOW& ddr whose temperatu e ree of cleanness

and
%@MOUHL ()---..... O . b@"S&lO‘Vee& (H)-g3l'1 %&() &0%&()
are controlled

3
@

A semiconductor device is manufactured by designing the
function and performance of the device, producing reticles
15 based on the design, producing a wafer from a silicon
material, transferring patterns on the reticles to the wafer
by the exposure apparatus in Fig. 1, assembling the device
(including a dicing step, bonding step and packaging step),

inspection and so forth.
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each mark.

5. An exposure apparatus which transfers a pattern
formed on a mask to a substrate, comprising:

a one time detection mechanism which simultaneously
detecting a first mark formed on the substrate and a second
mark formed on a second surface different from a first
surface on which the first mark is formed; and

a processing unit, which is electrically connected to
the one time detection mechanism, and which processing a
signal corresponding the first mark and a signal
corresponding to the second mark, which are detected by the
one time detection mechanism, under processing conditions
different from each other.
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position corresponding to the first mark.

10. A method for detecting positional information of
marks on a substrate on which a plurality of layers have been
formed and for transferring a pattern formed on a mask to
overlap at least one of the patterns respectively formed on the
plurality oflayers based on the positional information of

marks, the method comprising the steps of:
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!"#$%&'()*+"'/9}§§f§87§§e pattg¥h on g%e mask with a predetermined
exposure area on the substrate based on at least one of the
computed information of the first mark and the computed

positional information of the second mark.

11. The exposure method according to claim 11, wherein
the computing step includes correcting signals of the first
and second marks to signals having substantially equivalent

waveforms to compute the positional information of each mark.

12. The exposure method according to claim 11, wherein
the computing step includes computing the positional
information of each mark by applying processing conditions

different from each other to each mark.

13. An exposure method for transferring a pattern
formed on a mask to a substrate, the method comprising the
steps of:

simultaneously detecting a first mark formed on the
substrate and a second mark formed on a second surface
different from a first surface on which the first mark is

formed; and
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correcting a signal corresponding the first mark and a
signal corresponding to the second mark, which are detected by
the one time detection mechanism, to signals having
substantially equivalent waveforms; and

computing positional information of each mark.

14. An exposure method for transferring a pattern
formed on a mask to a substrate, the method comprising the
steps of:

simultaneously detecting a first mark formed on the
substrate and a second mark formed on a second surface
different from a first surface on which the first mark is
formed; and

processing a signal corresponding the first mark and a
signal corresponding to the second mark, which are detected
by the one time detection mechanism, under processing

conditions different from each other.

15. The exposure method according to claim 13 or 14,
wherein the second mark is formed on the mask or an index
plate provided in an optical system for simultaneous

detecting.

16. The exposure method according to claim 10, 13, or
14, wherein the plurality of marks simultaneously detected by
the one time detection step are marks respectively formed on

different layers on the substrate.
17. The exposure method according to claim 16, further
comprising the step of selecting positional information of a

mark provided on a layer on which a pattern associated with a
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new pattern to be transferred on the substrate is formed from

the positional information of the plurality of marks.

18. The exposure method according to claim 16, wherein
the plurality of marks include one of a pair of a first mark
formed on a first layer on the substrate and a second mark
formed on a second layer formed above the first layer and a
pair of the second mark formed on the second layer and a
substitute mark formed on the second layer at a position

corresponding to the first mark.

19. The exposure method according to claim 12 or 14,
wherein the signals of the marks have first up and down slope
waveforms and second up and down slope waveforms, and the |
processing conditions include a first processing condition
that computes positional information using the first down
slope waveform and the second up slope waveform, a second
processing condition that computes positional information
using the first up slope waveform and the second down slope
waveform, and a third processing condition that computes

positional information using the first down and up slope

waveforms and the second up and down slope waveforms.

20. A method of manufacturing a microdevice comprising
the step of transferring a device pattern formed on the mask
to the substrate aligned based on the positional information
of the marks computed using the exposure method according to

claim 10, 13, or 14.
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