; 56789: e3eh™"_c| (d*g6gTh PHOTOVASK PRODUCI NG METHOD AND APPARATU. A_Bﬁ
DEVI CE MANUFACTURI NG METHOD TECHNI CAL FI ELD The present inventio aZlUQaZS‘(T
to a nmethod and apparatus for producing a mmmmm\mlm‘\;ch I s used as an
original pattern at the time of fabrlcatln@ such as . -

sem conductor integrated circuits, li mge pi ckumosdeyi ces (CCDs or the i ke),
liquid crystal display devices or thin-filmmagnetic heads, by using

l'i thographi ¢ tPHOTOMASK PROBUCINGMETHOD 35D APPARATUS a met hod of
manuf acturi ng a devi ce which uses such %Iﬁhotorrask produci ng mnet hod.

BACKGROUND ART At tWIDIREYICHE MANUFACTY MEVHE!Y such as seni conduct or
Integrated circuits, a transfer systemis errpl oyed V\/ni ch uses a phot omask
on which an original pattern that is a to-be-fornmed circuit pattern

enl arged by, for exanple, alfBCHMICAL PIBLiDres, and performs reduction
projection_of the origjnal pattern of this photonmask on a substrate to be
exposed, %W’%"%‘“Wa‘g’@iﬂ rejategtan %Q‘Oﬁ%‘f %PPaW%ﬁ fgr prodicifg &n proj ecti on

opti I KSEH sferring the
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pat t torras a phot omas use by @ reduction

pr oj esoth mcqumndumer inmgrated cixcuis, image pipkupndevicep€GEDs grihe likealiqudcal | ed a
"reticle" nvent on such phot omasks . have be rodyced by witing an
ori g2l ﬂﬁ @ldﬁ"‘ﬁ?? OJ%Jb’PefHB’t’Ef’gﬂeﬁggc éﬁgg ‘Pﬁ@ﬁl& 8’6 Yng an el ectron
beamtrid iaP&HtdRAKOSYHES thﬁloh%‘f&[anbﬁ@tmlhgh'&@ﬂé@ﬁﬁi&h%&’&tsﬁeﬂ alhat is, after
a mask material (light-shielding film is formed on the substrate and a
resi qthofomaglpproducingaretd, the original pattern is witten by 2 1 JUN 2pp2SG
usi ng an electron beamlithography systemor a | aser beam i thography
system Thereafter, the resist is devel oped and etching or the like is

performed to formthe origi BACKGROUND ARTt hat mask material. In this case,
gi ven t hat tge red CtIO Cfgjﬂgglflcatlo of a reduction I’OJ ection exposure

appar at us A} W“E§ deviegs. such g3 semicondugior MteeEated CircitEdar n t hat i s
writ ttﬁﬂsmykde&) i8 Qﬂﬁ;ﬁg@& lwhwhs@@a AhAGhh<k! dh WIRLE bn bﬁglmg)aaahttﬁz& i pf the

devi ce enl arged so that a witing error by the |ithography system
i s r derhe-dermed cnelat pgttem exargnd by dorkxample, abigue ddé 5 itiges, andipsrfpossi bl e t o

2ppr o pice RO ot BF b Brp e BLoftuB BBk R e BrbRBG b hepferm © 2 4

JI | N suéh0as adwafer or a glass plate, via a reduction projection optical system. An exposure

system is used at the time of transferring the pattern of such a photomask and a photomask
which is used by a reduction projection exposure apparatus of a step and repeat type is
also called a "reticle".

Conventionally, such photomasks have been produced by writing an original
pattern on a predetermined substrate (blank) by using an electron beam lithography system
or a laser beam lithography system. That is, after a mask material (light-shielding film) is
formed on the substrate and a resist is coated thereon, the original pattern is written by
using an electron beam lithography system or a laser beam lithography system. Thereafter,
the resist is developed and etching or the like is performed to form the original pattern of
that mask material. In this case, given that the reduction magnification of a reduction
projection exposure apparatus which uses the photomask is 1/ 8, the original pattern that
is written on the photomask can be a pattern which is the pattern of the device enlarged by
B, so that a writing error by the lithography system is reduced to nearly 1/8 on the
device. Therefore, it is possible to substantially form the pattern of a device with a

resolution that is approximately 1/ 8 times the resolution of the lithography system.
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As descri bed above, conventionally, the original pattern of a photomask has
been witten by an el ectron beam |ithography systemor a |aser beamJiN 2007

| it hography system Those |ithography systens wite the original pattern
directly based on wite data froma control conputer. Because the areas of
devi ces, such as recent LSls, are gédting larger, and the miniaturization
scale and integration are constantly being inproved, however, the original
patterns OfAlﬂla%&tlﬂiEdikﬁonhbcxﬂfoﬁalﬂ'ﬁﬂﬁQﬂt%ﬁm aw@swﬁhmrﬁaék%eabdm | arger in
area and becoming nore mniaturized e a reticle, used in double
exposumaitiep bpen elsetron basmilithegraphst sysiammitarlasenbeast lithegroptt SYSl§man unnecessary
patter I ticle having
B bhasnafe bl shi 5Bl GE orBlle) Bl GRAFPPIBT R RCbAL cbRA 2 ° 0

phot omesitil céhpster. Beetisa thedieds@Tde¥ites) Qued ab ﬁ:cbﬂVESI@ atefelitlg larperint of wite
data than other photonmasks. Because of these reticles, the anount of wite
dat a t R the sipiaemsationscaleland Hdegratinm are enstantly being iraprakeds howeymdhomask
becone r f 0 t he

Tt hogPiane FaRR: bt pRiciagc WRE B Recdhdifor pdslihed beBmi PPy B 10
recent byd Hmemh%cmm lifliaturized. Whiles. reﬁue,hxsemmrdeahledxpwsutd, p@vtdcmuﬂr e factor

in raising the nanufacturlﬁxggcost for hoton?r Wth g&rd to the above,

an el e COERFUBRBRHAR fHIEFVEP NS B%“ eing rangterted. Apd3i t v ef f ect
causedsQyalfel ?hﬁﬁfsh}f@‘x@ﬁ@le Rhving §:€B§'§c sHifte? Bl%@ldfeﬂ Seﬁx@eﬁ d@ﬂnﬁfgtﬂaﬁgmgeam and

al so needs t0 correct an uneven electric field around the ‘'substrate whieh
is caustechrbysedhapgotnglasks thiose mcmhpiwt@nadtht;nd tobaveatlargerfanount o0& an ori gi nal

pattern e t her ef or nece 0 _nea ance the

e b B e Bl pIER &S Bacaube A ETARIAL he bihoBIT Wrlle e B 2" R
perfor mdagdeeml lﬂ!fogﬁﬁ}itfy&@ﬁtbxﬂrfomrbbudingilpmjt@ﬁhsklblﬁorﬁéﬁjcn%ﬁﬁ@lsly lapgeat the time
of witing. owever, difficult to keep perform ng conplex correction

with high prePf@reorh%\ﬁams& tmBe required fsdhe lrré%amtysweeﬁo #1i% B8l em of drifting
of the i rrupted to carry
out " capiibaliAferOF il SHalomalcbickhd Ples tibIhe OISR |SHeRl 1 0t P

| onger incidhsed wiitingtimésare factoain mising thp atanefanturing eest farrphemmaskmduct or devices

or the like vanc further, therefore,..the iting ti eorlglnal
pattern of WA b abRtes o MO eaubbFut swgs mpelio Pt e o

vari at peRimity difeeCéaubiby the inffudhcd ckfecétﬁﬁmg kFutifif tolah RREcREIEBEaR, @Rd MBY not be
achi eved. Further the anbunt of wite data in a control conputer is

becom #§P B ko eRaTectan uneven elegirie figld)aroynd thesbsirte which is eausedl e writing. A

| aser aser beam
0t e e b BRSHABCDOAHEARNAIC. 15 b b dhdl fautiol At Bl fort 0%

r esi st it fsavecesgary to myhsire incaslyhnei thereracr of depwiridag positiontan ¢hedikeomdem beam

lith f th JUN..2 3 tt t ed
or o PTPOR paEROT g Redarper BB soB e soreion RUEIER etk ARy aphy oyt em
is |0V\§£b1hﬁﬂiﬂtﬁchﬁﬁe @twhh@% el &C héweévep iffichlt id1e8p pRimENSEsple’s the | aser

a

beam | it hog rath temalso directly wites an or&{tgl naI pattern, the
anmount casfectipn with high-precisipe anshstehilityoanddthere hasbees apspblern of anﬁrna@ésm ng

diffic i he

requi r SHupE PR, WHOREGRTRE ARGk Ty o fioallod ool 7
writi ngthnu&nicntbymmkcsttheotmrklrbwn&hgltlmngbngcrpredeterm ned pattern may be
transferred ubstrate for a photomask h S|n n opti.c proj ection
exposur e apB}iFat?t&mgPa‘Pﬂ@“PPHéPt}f%P@tﬁ% v ?6‘?"?1%5 obg’tet?’é‘f:n of that
phot ongfkinces fgiife GHérefore, Me \bhﬁngﬁins ifokahe BAgihAPASIR10E a SRR phofonidiRr € IS a
distortion in the projection optical systemwhich is uséd’in the execution
of t hawilt bexnmestoo lang; aesultingdn arvnmtimx ig \peaririars sothat the reguired woitinghe t r ansf er
line, or the |i p krs ctual | y moun n .a ection
exposuPr§°‘5‘BBe§‘?a3t‘t?§b5ﬂ'§“%Y§d ?‘ Fﬁﬁ"?{ 3@9?@ k“gttc 3&" %%odlgrgﬁg%ptﬁ roj ect ed
on a SpyRehidy R lafkd that #Sis diffiedielo, us¥ it At Qjipld witingopt i cal system there
occurs the probl em of exposing a deformed i nage on the substrate, causing
an over| ap Arlassr beam lithographi system ¥ritgsgporiginghpasiern yfing 4 legerbeamiims in t he
prolec 0 (o syst nistics, such

hal i[{a E({l t dﬁn%ef%[% h%mhe%% Cx#f% BPG 111%?1?1@ tJ Q{cwrggst%gﬁhgﬁ%?%w?

as any he” proj e n op system slig fers from
oné pr pk@ationis nipased with iRalatrus beam dtoighphy systent sndde Siee abihe to be able to
correct a projection inmage for each projection exposure apparatus if

possi ble. By the way, the recent trend in the market .of sem conduct or
integrated circuits is change towards nufti-type, small quantity production
type devices, called ASICs (Application Specific I1Cs) ox systemLSls, and
the denanded delivery period fromthe acceptance of an order for the
productr on of such devr ces to the delrvery i's becom ng very short In
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2 1 JUN 2002 4 used to produce one type of devices have been witten,

t her ef
diffic
becaus
hi gh,

types
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terns
t he pr

ore, the overall tinme required was considerably |ong and i§ 1his Jogen
ult to shorten the production tinme for one type of device. Further,

e the overall witing tinme has been very |ong, the production cost
for photonmasks to be used in manufacturing one type of device are very
resulting in a high production cost for the devices. Furthernore,
aphgult to write
C by using a
| aser Bystam isilowerntharpthyt efithe elastom teamditbegraphy sstem Astthoseriggmsyst em i n
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object of this invention to provide a photomask produci ng net hod capabl e of
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Eﬁﬁﬁ,g&%g{éf&?ﬁ%@fg{?ﬁ%}'h.%r]ik@(posure appar at us whi ch uses a phot omask

eristic is degraded. It is a third object of

substantially correcti ng % predeterm ned i mage fqQrm ng characgteristic of a
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is a distortion in the projection optical system which is used in the execution of that

transfer, a variation in the evenness of the width of the transfer line, or the like.

When a photomask is actually mounted on a projection exposure apparatus and as
original pattern of that photomask is projected on a substrate, such as a wafer, via a
projection optical system, there occurs the problem of exposing a deformed image on the
substrate, causing an overlap error or the like, if a distortion or the like remains in the
projection optical system. Because the image forming characteristics, such as any
distortion of the projection optical system, slightly differs from one projection exposure
apparatus to another, it is desirable to be able to correct a projection image for each
projection exposure apparatus if possible.

By the way, the recent trend in the market of semiconductor integrated circuits is
change towards multi-type, small quantity production type devices, called ASICs
(Application Specific ICs) or system LSIs, and the demanded delivery period from the
acceptance of an order for the production of such devices to the delivery is becoming very
short. In manufacturing such types of devices, therefore, it is necessary to first produce a
photomask (working reticle) on which the original pattern for manufacturing the devices is
formed in a short period of time and then produce the devices in a short period of time by
using this photomask.

State-of-the-art devices are completed through, for example, more than 20
exposure steps, and the production of even one type of devices require about the same
number of photomasks as the number of exposure steps. Further, the processing
performance of the aforementioned laser beam lithography system or electron beam
lithography system per unit time is low, so that writing a single photomask takes more

than a day in some cases. Conventionally, the original patterns of all the photomasks to be
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It is a fourth object of this invention to provide a photonmask producing
net hod capabl e of produci ng phot omasks, which can be used in produlil N 2002
nufti-type small quantity production types of devices, such as ASICs and
systemLSls, in a short period of tine and at a low cost. It is a fifth
object of this invention to provide 4 manufacturing device which can

i npl ement such a photonmask producing nethod. It is a sixth object of this
I nvent iygdd th proefubd bakStype BEddviRs AR HeaR WiftfeR AhErRfoR) theCRAdll tinOfeqliRédM N9 the
pattern of a device with a high accuracy by using such a phot onask

pr oduciwig considerably longiand i hegbeentdiffishit éxshogen theipsodustiemtime foranegypsvi de a
devi ce nuf acturi ng net hod whi ch can manufacture nmufti-type and

snmal | -8g§7¥fﬁety production type devices in a short period of tine by using
such a phot guRkds, Bcaskéathd@ver®l WaEng timé hids Eééhlvégqarég’é theOpragdtidd @ogtuch
objects, a first photomask producing nmethod according to this invention,
whi ch perpdaoaasks tolbgtuserhiskn{mfactuing ong tepetof dpwceare yatythigh reseitingfior ned,
segnent s. an | t . the transfer pattern (27) into patterns of
pl ur al %%@gﬁﬁ&ﬁgégg&(%tﬁ&%&g and sequentially transfers reduced i nages

of the patt Burisertibrd, ke tppesrofsughedenites MRSk vafiddlthawdt BWecoming difficulsier f ace of a
substrate é'4) for the phot?mask by perform ng screen_ |l inkage (e.g. seanl ess
st i t chiMiide @% gHgMakpatiems of all the-phofimasks i herpradycdhehyiusing 2 laseT beain ¢ | e of
produciig RS tRRBeS m§a i i teb O tirfte MRFEHORL €7 1 @l i

f ormed long%pgﬂﬁ{sorms su stratee ?4 ggar%@astgp ot]os;cens?{fvce mat éﬁ%al such as a
photoresist is coated on the film Then, after reduced i mages of a
plurality of parent masks f @gﬂE phot osensitive material by a
step and repeat system orng‘g{'é%ﬁBﬁo&é @ﬁ@gm usi ng, for exanple, an
opti cal andjiigslfifst oBfRct¥fAhEFrescANinh YRS PRI FHGHh Ak Yroduchi

phot osensitive material is devel oped. Then, a desired transfer pattern

(ori gi methodathicdy ¢an fprn pp priginalpattesaskithin g ghert periadpfdime: he |i ke with the
pattern of I Qi i {4 i his tine,
gi ven that Etﬁgaée uct%%%%%?@ig@tgﬁ%ﬁ%@?B’?&é&lg&nﬂﬁg&gﬁ%pﬁﬁal exposure
Syst entdpablef suhstantigll pcqrtectiogra ptedetsrmihediinjage foming claanadterisdgef an a hal f
integer or "' the like.qgreater than 1 a.transfer pattern (2 or an

o | 67 nloEs BEUEATH P BroiSH G by SRR PR eI o (36) i s
segnentfskeiftrinting ehdrdtérsstiefis gegradedpar ent nmasks | engt hwi se and breadt hwi se.
As a result, the pattern which is fornmed on each parent mask is a part of a
parent pat t Bina thidabiges obhisdnyeitiea to B@Ntdérﬁrphémﬂtﬁﬁgéwdb‘}m&meﬂm that the
anmount [ . ts . reduced to about
1 2otk SRR Cortcofinb B leBbBihe sk PORAAE R e R R comes

ti mes pilogectiomuptival system fur dsdiin alprejeetiar exposire appatdtey, whidh ieasdd ipar ent mask
can be w.itten with

a high precisjon and |ess drift in.a short period of
Coe bproguting Paitmasid Hheh R i e o MR SER w0l ikt |1 5 hogh ahy Syt em

or laser bepm i fdur@Lbechf thisShedhtiol s proQide alphBtoriask Bféﬂuéiﬁ fiettd t he
| it hography systemis reduced to 1/ a on a photonask and the accuracy of

t he or Fapablglof pradueing phetomaskshwhichiepn by used iFgradueing myti-typeisewl- par ent  masks
are pr ﬁlgﬁlﬁgﬁg;gg&xtskﬁlgg?i‘}ac? (rgf'gev?écs,ts{&gh Q@Agf&s %{mss?&g@iglp % ﬁ E@E}ﬁ?{org g,g qui ckly

on ap y a p and Tepea stem or so t hat
t he pr dnhe@hd ava fownewsf.or producing a plurality of photomasks, particularly,
can be shortene ignificantly as conpared with the conventjonal system
that writ esht“h%gftf‘ jegt efdﬁllsuyvew%tq l?‘PWG@r’*&‘ﬂi’er%S}‘&% APVIenEhICB R » ser eon

I nkaggnpiBhai Sult MEh8mIK frBtcHg Abaa. On an object onto which
It is a sixth object of this invention to provide a device manufacturing method
capable of forming the pattern of a device with a high accuracy by using such a
photomask producing method.
It is a seventh object of this invention to provide a device manufacturing method
which can manufacture multi-type and small-quantity production type devices in a short

period of time by using such a photomask producing method.



2 1 JUN 20Q2 6 patterns are transferred to forma device pattern in the

| i nked areas on the object by exposure of the different areas, ang1tJVd 2002
exposure operation to link the different areas on the object is called
"stitching exposure" (step and stitch type). The term "screen |inkage"
(stitching exposure) in this specifikation includes not only the neaning
that individual reduced inmages of parent nasks obtained by segnenting a
singl e patt gpRckiER duch bBfcts CORshSHotdRask PFaluing ridiBodSdcasidmgRatiier n to be
transferred to a photonask, bat also neans that a plurality of parent nasks
are f onnvgntioq, it praduses:n photgmaskdBhbhayingn transfer pattere (&) fordiedi dual reduced

i mages 0] S I I phot omask
havi ng Ség"fﬁ%& razileﬁnfa 3’ée§$ abt g@téﬁlﬁ%&ﬁl{s# Eﬁg’?‘% Eﬁ? ﬁ'fe‘g' § é%cﬁs'ﬁ;ﬂe@% n‘g f?nﬁkage"

(stit clrasigs (@106 RN)EAnd sequdhitially astdrs fedhdedimagesuseitk padtess GPthe piman t he

| i nkage of the individual reduced i mages of 5ar ent masks together,

r egar dP&at masksikl ipRNbenta she rfaceofl asupsiratei4) fordhe phateraaskybyi i nki ng screens

(stitchj ) h . i exanpl e, a phot onask
havi ngPRTAHE R Hrkagdtere, e SE s BEBRE L), DOTD S B P

segnment at i oAicdoeding) & thistinvensilss, at kel tirfle of predschg® phetdinask, 8 omeexafipld, he
patterns .into plurality, of parent sks and the segnentation _into a

pl ur al A8jn gﬁ‘“ﬁ??éﬁ‘?k mzterial igifemmedion qsﬁéu at¢ (Bhande photoprRsitivsy rer case

I S advaniAdraidn at i gl‘a&l@ksx’%hﬁ cézh@@&?th@?ilﬁ?%c&faf@ﬁfeﬁﬂéedriﬁﬁ dfan be nade

uniform and the latter case is advantageous in that thefe I1s no pattern

j oi nt pluralitnef pheént otaskssare brassferredmopphotdsensitingematorial dy astapland régest , a second
phot omasEi rodLici g}%{ﬁnet hog accorgi n tol this ti nvention,. whi ¢ch .groduces a
bhot omaBient 4 S1e At CR atent Sk or e Ple; #f PR s OUCQR RIAISESE et 1 anef er
pat t er §pk 2Xpostfe apparefub,ahg hbtBRhsiEve:maBBil ik Bevetsyed] Then, b desitedl (N bei ng an

i nt eger e(f:|ual to or greater_ than 2) of patterns of plural parent masks (R
to RN, treysterpattem (origimal paticrahisifarmed byexpantiag stching s dhe likewillsther the N sets
of pat . 4 urface of a substrate (4) for
t he ph ?%ﬁ%@kﬁ%ﬁgép?‘g'?%ﬁg@é‘??gﬁf%atn gsglée (stitching exposure).

Accor di ng t Atthis Sme,rgiesn thatrthe sdudtiva nnagmficafiopof, fercxample, phoptisalask, as one
exanp athinfilmo [ is formed on afl %}?%omask substrate

| e, anakmatgr.lﬁl
(4) anBXPQSYRSYHYR F ArPQHeingh RiotoMask it i & ¥ Peietinieesss egehet ed on t he
filwm n f i I J: f. f.oplur ~ .
par ent &Eglé‘ Eg?e é‘#cgh{abgﬁ’saftg%g geg ?gtger%ff(;}ﬁggﬁg?gﬁh rﬂ%géﬁcrg lsp é?‘géi??gﬁt ?nvd(; mat eri al
by a sifer@diged SPGR batterh (V) iPéeamenicd i PR iPEE 8%S EPAERIgks f Or exanpl e,
an optical and reducCtion projection type exposure apparatus, the
phot oskngthtviseandbteadihalisel Asceresdl gechattdinevhiclaisdesmadanh daclhpatstrmgsit t er n

(origipal pattern) is for .by execyting etchi or the jke with the
pat t er If aara{a %%P%}C%Wgﬁgﬂ%&wm paciatn cularesfl Dy & csoasghe ameing. LN 200

At thi i lt]ple e f th of parent nmasks
al | ow ?%&é"\{/\g/reqaﬁrgk%ﬁé ar“%‘r'n %ﬂfo"'%?‘ﬁé‘ﬁ%‘é‘ﬁ? %c’% ﬁsgregiéc?(h?é Q%%’?fé/n%lz §r€ttg§s to be averaged
by ¢ NecisBRtfinaPimitk hAPIHE oEHRATH RS widlR bb&nds!a RS Gnbentidhgni 11 cant |y
reduce the Iine wdth error, positional error or the like of a transfer

pat t er widthr Therefoke, fiset faetesm)of @actopapdnt sk 8dn berwirittérewith ahipgh grédisien pat ent nmasks
are produced, the pat,tgr ns of the parent sks can, be transferred quickly
on a pkst rhuka thogqerigd of Hipe by usiag, fonexample gcovyantiopil slectrprbeamk e so t hat

the pr ' telfPorl 194er BERH HiH gp&mlmﬁh pfthmﬁﬁ@]‘r&%&%mﬁarti cularly,
can beﬁ@ﬁ%ﬁa?%% eis]?%ﬁ;ug%clrcant Pyoglglp@)(') sar ed w teﬁ t he conventional system

t hat whihbgaphhestenniiredudeditd i abgn a photbinasi apitiie socataepof Beveginihat f or
exanpl e, an optical exposure system for producing aqghotomask provi des 1/

cx redpditerbis fprtegrdmproyed. Burthesparethoprmparent masksyare produgeds theantteps £ and thi s

enl arg | S . of cr x a
par ont HRPRRDF et BE fatettod QUARPHFEDRIGRRIARLURIS Eucf B ABLLC) T Ent
mask i gysenobinde lik€tsoitiat theioductibn tifre fenpradgsng s plyratiny eftbhotuneasks,pat t er n
(36). Consequently, as in the above-described first photonmask producing

met hod partipidarlyrsambe gorigped significantlyas eomapased With thegonyeiionglsysiem thalsk i s
reduceg i it o 1 frs ional anount and the m ninumline

wi dt h g’&?:%%@ﬁ%@%ﬂ%@@%%&%@%%ﬁgﬁw dth. Therefore, the pattern of
each par ent TheskmcC'acredrelinkagé 't reeansilinking diffegént preas os amobjactdbnteewhicri ft in a
short period of time by using, for exanple, a conventional electron beam
it hography systemor |aser beam|ithography system Further, the witing
error of the |lithography systemis reduced to I/ cx on a photomask and the
accuracy of the original pattern is further inproved. In this case, one
exanple of the patterns of N sets of plural parent nmasks are a plurality of
patterns segnented fromthe transfer pattern or an enlarged pattern thereof
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8 images of their parent masks. Therefore, the distortion of the projection
optical systemand errors in the evenness of the wdth of the t r ans? érJUNi2602
at a position in the exposure area are averaged and the precision of the
patterns of the photomasks is inproved. It is desirable that at | east one
set of patterns of plural parent nmasks in the N sets of patterns of plural
parent masks should include a |inkage area for another predeterm ned set of
pat t er Nngths BloltAbichted W ordaYeSice oteth o MGlikked drBlsAAREBEREDyAL the tine of
perfor Fwti’cang Sstict é“ﬁ.& ﬁg exposur e F e pe‘rﬂ# or r#lxneg screen Fi Hkagg i s averaged
and i s expouoeaf.thé\different atehs, aod fifecxposaskopgeraudo tigk thetdiffcrestcreasdnng to this
invention, .whi.ch produces a photopask hayi a, device pattern, transfers
one. ( Pift iRy A icHSs PrlpSte " Clig el otish furdh e Basiresd FKedh an

enl ar gf(‘éiité}ﬁﬂé @i;i@)s@rfe) fﬂﬁis@ﬁ!&iﬁ@at@ﬁ‘iﬁ&ﬁd’és ﬁwﬁlﬁth@ﬁﬁéﬁnﬁfghﬁitriﬁdiﬁdﬁﬁ) , and
transfers another segnent pattern (Al to AN)" which is the same as the one
segnentregused nagesiof pasenttmasks obtainkd by segimestingis kinglgipsttertage fimkedi n such a way

that t ti | h ot her. A ing.to this i tion,
or ovi ddgeePitBo SRisLte de At pRBrT BTk Blrbfheq (€ Bholo R, Sp{ AT Bt on beam
| i t hogripde A plraisy ©Fparent Masks ateSforrhdtbwithdut kéincating b sirfgld pieSOGTRRY pat t erns

is averaged by exposing two segnent patterns, one on the other, so that the
accur adydiydualseduged irmagep af thepmparentimaskopare dinked together to gempletsse segnent

patter d y e 1 - systhem ot the |ike,
mul ti p@o‘%ﬁ%%ﬁ%‘é%g@%gg{%oﬁggﬁgég? %@héﬂﬁ?%ﬂl ssg%ggimar/g%t |ls'§]5:n e, it is
desi r alekpostiedin thissspptificatiantiy used te sipply mepa thedinksgesdfahe thdbddwakposed with a
| i ght beam and thelr reduced i es should b ransferred and |i nked

{ oget hahCEHTPEER SLATE ARy OBHLR: GEBSIPROLv bt STAPCA HRBEEEIR i of ect i on
decr eaggsneli g 1Mking! s@?zelﬁ] d(’asﬂg:hi?& ekPEfe)S BOIKR @Bs_leﬁtféx’?rﬁgé, fIQ{‘ex_taHﬁJle?QOt omask, so

that the preCision o e device pattern is inproved. Is al'so desirable
t hat atphetomask having a plurplignof pattens; thenefores popsible waysi fardhe segmestation foat t er ns of

Feduct PR Mo BRIE sl lof ob o R RS ISR St AR e Sor '

r educt infisksdnd]tRE $egiientatipn sntd @ phyrality of paredtfmasks adthobtggmEmapBach t ype shoul d
be sel ecti ve@/ %Jsed i n accordance w Elh Lhe use, of the photonask (the system
of t he PAYSSEs e loRmBRFasE tadvantareoys Bfhghthe shapes (Bizps) ofvparent masksieal Biask i s
used i Bhade bREOHET, R tHY 19 Chée® a@&ﬁi&%b'&ﬁ_iﬁ‘&ﬁﬂfrﬂéﬁ nfpaftert S8R/ areXPOSUI €
type, such as a step and scan syste distortion of "a parall el ogram shape
(socal Idefdcts kesh asimpropentipkage damof occur.proj ected image. In this case, it is
difficult tQ,.correct .a.skew error .in a.static.exposure type, so,that at the
Ll of 1 r aNeRbPeRrpd pRPIERHE Pifgh® nuipadeksoEao BHL bty yiGh' 0o on
masks @rodubed agphosdniask€34)wn wikieh p rahsiermikternti forthiedf sepinems tied trdnbRr t i me t he
phot omask iz@gsed can bg redu?e(; b% addi ng such a distortion as to cancel
out t h&@3sER (g7 OF 87 SRHTEGS PR & RatigiA NeseiueliPeing pp itegenedwst toPrscanni ng
EXPOSUlgkeate ffan ZTBf ﬁat{l-;?:lfseo‘f pthk‘rﬁl pAYét e ® 6'RN QP (51_‘3?, ahdl u%ﬁ'i?éll'yer :
Further, it is desirable that at the tinme of sequentially transfeéerring

pat t er transfers reduderdimngesafjibic Nosetyrfipatiems pf pliral parept masks optertbeisurfagsks (R to

RN) on the.surfage. of the substrate (4).. each qf .the i.nage form ng

char ac et Puptie Wfod neeRProptiBR Wik Beirinin Pocke oS sLlEBME SR ) or ¢ e
reduced i negesordihg td thiPidveionsatahe tihe df prRitingaghotonek] 4 dae eganplect ed in
accordance with at |east one of the rotational asymretric aberration and

t he di gttlipdilmmf emmaskamaterial is fosmest on f phgfpBpdcuPYFAtO(iand p phgosasitiva2) of a
Pr 0] eCtl A PARASLGHARPAIR It Dattlliciltnd S TS, RRG R RRSes [dr rddiogmount of a
variation Ina predeterjmned I nmage rormng characteristics Of an exposure
syst emimiges)ofus eas af pliaot. pamakmasks larcowansferred,chnamaanothbe odiast orti on or the

| i ke of ,a device pattern to be ,exposed finally using the photopask becones
sal | ePPERRFIEHEC BALTEL BRSSP AP ESPERSYSIEM of AStePoRd ST YREROPEE 1) ad ust | ng
the tr } R)?éc't ) ty i ke of the
patter%k}?ﬁ g’ea;lh Jc‘ltﬂﬁlygdirﬁ%%\[}?%ha plgir?g?taqﬁgéssé% a?»‘g%sag{:shihg'ﬂ)&g%s%ngﬁiy !(5) cancel
out t henaterialistdewéloped. i Hienomdésired transferppiternqorigingl pattarm ds formed bes at t he
time of transferring.t pattern inma of the indjvidual parent masks on
e sUSHEHPBEEBIE DY BT UK R S RGP RSB rehgE RSt F o ng
exposurely Wth regard to that, there may be a case where nultiple

phot omasks are produced and those photonmasks are used in a plurality of
proj ection exposure apparatuses by a mx and match systemor the like. In
this case, it is desirable to adjust the transfer position or the formng
characteristic or the like at the tine of transferring the patterns of the
i ndi vi dual parent nmasks, |inked together, in accordance with the average
characteristic of the distortion characteristic or the |ike of projection

o o o, o, N T I _ o o, o




Next, it is desirable that a photomask be further used in reductior}ZO JUN 7007
projection. Assumi ng that a photomask is used in reduction projecti h Bm,
for exanple, 1/ Q ( f3 being an integer, a half integer or the |ike greater
than 1) and the reduction magnification of an exposure system for producing
a photomask is 1/ cx ( a which, like7a , is an integer, a half integer or
the like greater than 1 ), the witing error of the patterns of the

i ndi vi dual pereRtimE Watple ekfidbks af the patdmPof N et oPphrént dpNkEAIRALEEr N to be
finally exposed. Even if the z ~ ~u~ Zooz io mnimumline wdth of the
devi ce watingamor of theguattems of the phrenhpaska to bgavevdgdd hy thelmumbeootmultiple s

ible t ite patter. t t f. the individual t
rasks virptr sty gl R RsGiRR b BRI i e Sl Sy B R e by
usi ng aj tigl 18@tof QMraRsRpaticn Q@igaRhyat &y of ™ phbtomnasRS BhrtHee it tHobo gr aphy

systemor the |like. Even when the pattern rules are mniaturized further,
t her ef dhaeent magkssire piodueed; he ppgerneefithe parenanaskpeande twinsferred quiskly vad

preci sion. f. t.hos rn .be used as a
Phase: TP bhysEaus B3 erh loebeal B3R o RORE So B3} PR B i S e

i mage ffor prodingplacdliey bSphotorhaks, pariduladly,eah beslidttendd §ignificdntyhiet onask
produci ng nethqod according to this inyention, which grod_uces a phot omask
(WR) h&0MRyed Withdhe cenventiens! sysigms that wites them individually, by a lithagraphyr ns a par ent
mask ( dmformed with a predetermined pattern including one or a plurality
of pattern units (Pa, PB, Pc) respectively corresponding to one or a
plurality ofGieénr thai for bxams, anroptibal expesnesf systemi forproduqing 4 photomaskd t r ansfers

e ot SRR S uon B b e LS FhETRE S s

< : 01 . . OTTER ) A
D © pr odUIAIEHS BaBr bR ) SRkl o PSP A0S T UER BRG o0 cos of
mul ti - trpehvAsPdnd vibRiMhwisy, Dikewise!thdPatleyPES a Sédl nfiRk SiParfother 86t idPps® and

LSl's, the photomasks shoul d be produced for each type. However, not all of
t he t o-Obis enlarged sagmeantqsparent patterm Ei6).cCarsequentiyrasiimtherabovedesslibddor t hose

pl ural f i i r V. ften have comon
ci rcui tfﬁ%ﬁggtﬁg{aslggxé’oﬁ&g@g gle%, g‘%éﬁlﬁgﬁ oafﬁﬂﬁﬂ%#ég%’?ﬁ%ﬁ?mgggﬁ haPr%er?g di fferent
types ofask@vedeed By stioudilf & oL compatonl atewitars thewhinihutldine etidthave a CPU

section or RAM section, typical Ih%hhave sone kind of common circuit bl ocks
(smal | bsemies @ itinmasithe coriventjonahwisth.aTkerefnte, thepaiternof adch pahent maklecadPU sect i on
or the like. Agcordi to.the fourth .phof omask produci ng, nethod of this

i nvent ibSP’l",""teHé‘?é’faoli“éf,‘] %éecﬁé‘l"taé‘tdr‘eséﬁflﬁ “gﬁrs %B‘H}P&iqé‘“{‘%’ya‘gﬂ}ge term ned
cireul tex;hhT,ﬂe,ka doRventitial SEArdnDbeR 1Ry QPstén BPREG R utﬁo(%%fhlyed In
advance. Then, a mask material is fornned on a substrate ) “for that
phot omagsteranBurthepthe wsitingietroref thelithogmphy systconis eetluoed tohldix omak nat eri al .
After that, the oj ection _image of the corresponding pattern unit in that
par ent PH‘A‘QW“?&?‘F&&F\%‘F‘%‘I‘W&Q‘&F (glgﬁl?if’?tf%‘scfﬁm?%é‘??‘aoﬁﬁ trate where the
circuit bl ogkihiScdse, die ek@nPRGS R fauddns 6f N%EtsB@biu'rQ%ﬁrenPﬁHl&%p@apd' ng ,
patterns are transferred or witten. Then, the photosensitive material is
devel opbuality df pattemsrggmented érom the trapsfer patiermoz an enlarggd phattarn thensof i ve
material as _a mask | 1 JUN 2002.m carried out. Accordingl t he

hot omdisicine pPaRneal MituP's R g of B paiers Pttt REh R el 56, cose. 1
this caggnented ifife i aHtagerh&ift thik Way allow kieokritmy ¢rite PO tédithépraphg of a CPU
core section, RAM section and ROM section in an integrated circuit and

st andasystem feryyrting these pagent masksiodsaHeragqd and bgcoamupdler. ASI Cs or the |i ke
of ten comog|.: ect . JFAM i i so t hat
par ent maskztI ‘égt“c]%}ré‘g}cﬁ%‘%%& e@%ﬁéﬁ%éﬁg?{macgﬁﬁ%lﬁ g%r?ﬁéﬂf%ué@ﬁ & the tinme
of pr oguenhngasks BHNMBIBI26Y ivahdk Nrsets o pattdnessyf pluralt pasene masle gattemnsshouvidact ur i ng
many types of devjices and can thus reduce the nufacturing cost of each
dev! ce ditfer from ghakfor appheray et%{gmtqééctp%frpéﬁfmﬁa%&?ragm%mﬁf&?é‘ﬂﬂ Yrasks (MRL,
MR2) slppid \Cdhaflbddthis EnSiffaget

respec%& yhglo@régs oﬁﬁ}n%gn%cgélhfa? rent %;ﬁ?’r@gi%] bl %@gﬁégﬁ@ﬁgeﬂ&ansf er

ci r cui tmybtigle exposares ohdheplthtoraasit spbstjatecuridergoinmtipls exposutes apdiffersnn uni t s

sel ected from patterns of toré1e pl uy al.q“par,erit masléég%lhoul d sgquenti ally be

t r ansf EPHHONSIA the eXROSYERFE3 AL thepypieptygn qntical sysierg PIRISSISHRSPREEY i ned
positional relation. This transfer of a conbination of the projection

i mges of the pattern units of plural parent masks can nmanufacture many

types of devices in a short period of tinme using fewer parent "y' masks as
a whol e.




That is, it is desirable that the parent mask (MRZ) be used at the 2 ingyNafp
produci ng phral types of photomasks (WR, WRI). This can shorten the
production period for each photomask and can thus reduce the production
cost. For devices such as a new type of ASIC, parent masks (naster
reticles) having new circuit portions8should newly be produced. Because the
patterns of nost of the circuit blocks of such a new type of devices are
formed bihagesR shéliparétl nidskd) STiRkef6Ye, e distirilor'dl the pRiectivh Spticilsp@nent masks
and the nunber of pattern units that should be witten on new parent nmasks
can be sindlefrorsiin theevprress of e wadth of the dransfer jnestt @ position inethp expnsutei on ti me
and cost_for of onas for .t.he e of, davi ¢ It. 1s al.so desirable
hat ¢ necire BATRTERE ¥ of B pACeRS o PALGEBs bR choui o be
transferred dnistdesirablexhiralest ok sttrof paliahooBslistal parentinhakpihe Msls gfhoul d be
further used in reduction projection. Wien the pattern of a parent mask is
used i n RademE el I&HrabP%iF’éfdPilsgﬁS Id inglude 2 lipkags arep/foranother pesidpigrmingd s&8 or t he

i ke, f W i 1100 fy; r mask on
t he phol(:}gﬁas a+‘?éur8fe£%?rrye&srﬁgf#§aA§Cy% lgih(l)ﬁn(% égg’ggvgtﬁﬁ ﬁ&l\?\fp ???r%ﬁ]?%e pattern
to that snshimgtexpesuke whitepafapméng scteen finkags s bieeaged andis reduced.hogr aphy system
such as a |l ager beam/|jthography syste whi ch has_a  hi gher 2 1 JUPJ Z002
12 through_put%?etxhéﬁ_ﬁ’trﬂBt‘OtBF’g%lﬁfR@a%'{%lBFfmﬁ%é‘fﬁof ‘?&@d}“éﬁv_%g%t“élﬁ? As the
phot o m%fod&ew%térﬂasﬁcwabﬂgfa cfe@félta' Eﬁat%e‘?ﬁ‘, tRh SR Tnk PP totfkﬁ) df@fdlﬁ&‘ﬁﬂ fof the

witing error of the pattern of arent mask is further reduced, naking
i t possisbément pattrantifegurented fforman endargédcpattewi af theddviiggipattemontay maslur t her, by

using a e Ik ot. a_part of the
tr anar oo EEARTH SR RARR RRDRE SR e b P FATREARS Huide BRRme BB ot ormok
at at | eastegientpdttedi atdBastpRtialdy ditthe mask sudesate (4)i8 sidibgwapihat the spatt ern
unit of the parent mask is transferred. The pattern of that photomask nmay

i ncl ude POOBS OYIIAPEAFHRIBEL ng basic pattern units or a small-scale pattern
or the like ik : i lefh g b égﬁmn | e &PBEWS sto
produce a rrazgﬁgﬁdcgﬁwtﬁggﬁgﬁgﬁgﬁ}%@egrgﬁda%%as{:Ig-scaFgﬂggﬁdg? ns orﬁt e like as
new pat tbgrn elenfrersbeammlithogiaphy syatem ortthelilos, dbuwtitingrertar o€ svd sagmeat i ous ki nds
of photorrﬁsks. can be, shortened and thte roduct i OQWE:O@'[S c%n ﬁle decreased by
f or mi ng PAYETDS SRYCRRHLY SXRQSIRELYY WEmeR %&ané’r?{’cbo)? POFHE Wt a1 aser beam
or the labdigacyNExte, detic pafteritsimprswdl Futberpiihostisegmeant panéethogari e t hi s

i nvention conprises a mask retaining unit (16 to 18) for retaining a

pl ur al i tropeatediyusedby Rptep andyspeat sysigm pr the Aiks Tﬁflpﬁﬁmk%%k sel ected

fromt h%r&ﬁﬁééﬁ &t tl.g%p;ﬂggd_unit is placed; a projection optical system (3) for
projecting a reduc I mage of a pattern of the mask on the mask stage onto

a substrate (dhis case,dt istdosicabiesthat the plutality off ssgmertpatt¢rdy skamld boeiposeshi ng t he

substrate,on. | ane rpendi cul ar tq an..optical axis,.of the projection
opt car "Gyotighe Bedth End R FRCED ihlest el SRS Bire KhS el BB sk on
t he naslprafer@fined mask sibstrie ($)U iy Rlection prdjectivulietresdes thetvagitng drior of N or der
to transfer reduced i mages of patterns of the predeterm ned masks on the
subst r atiikose s¢gmeng patierRATLIRE PAoIBmALK, SO thabthg pEeciston ofithe dayigediptis ipr oduci ng
appar at Yg,&384.1 mpl enment t he phot omask produci ng net hod of this invention.
In this case, as one exanple, the mask retaining unit retains plural parent
masks (R1 t o IRblplsodesitabieithatey thertimclofsequentiakly tinsfarriegtedncpddmagtsafr n of a

tt 27 hqt k t ' f . A dingly, th
Do ent | redits Qe pled perran et ART 1SRRG ruiteds o thpante WLd caf be |10
carried réﬁbrctié)rpﬂﬁje%hgﬁ ExpeRireQppAhtub Fg@staﬁéléﬁﬂﬁﬁhc type ok 8 gcggllégéﬁpx:ofecﬁbﬁt this

phot omask produci ng apparat us shou conprise a Vview d selecting syst"m
(104) f exrpesurecapphratpsf pacanaing exposurg)typel shawldipasedectiviel p usedtinapcaadasice r ar y

Cei et odispt e iahe PESmR QTHERRT FLGRLOL A Brs RIS IR <0) for
t he photwhgstke pRtEmhélCis akéDinrmBduchivh pRijectidbh UApostRUBparkive bf akémnfgt he mask

with the substrate on the 2 1 JU-I 2002 13
exposure type, such as a step and scan system, distortion of a parallelogram shape (so-

called skew error) may occur in a projected image. In this case, it is difficult to correct a

skew error in a static exposure type, so that at the time of transferring patterns of a



substrate stage in order to transfer the reduced i mage sel ected by the
field view selecting systemon the substrate in a predeterm ned po3gitUNdog!
relation. Further, it is desirable that the producing apparatus shoul d be
provided with an exposure beamirradi ati on system (LA, AM, 121, 120) for
irradiating an exposure beam (|l aser Beam electron beamor the |ike)

st opped down to a spot on a desired portion on that substrate. A circuit
patter rpl@xumg oﬁ?aﬂehﬂﬁﬁslw@hftﬁb substiddé RIS sHoteradsk, the distor@mbitake fimethd hat nask
can easily be formed by witing with an exposure beam A nethod of

manuf ackhatomagk is used cenebe euged hyiadding speheidistortion s io eaneelunthérskewsubst r at e
(W, acg in | S: | 1O . obt ai ned
by t ur (i O Aiag §phebciohdkPeihiscibon SR BsPuniod RBANI-IbE Cibls il 77 03
pat t er nthé oeplapping efrdsorche [ikeismaliepar ent masks (Pl to PN); produces a

phot omask (34) for real exposure formed with the first pattern (27) by
perforning rfdahes itdndesingblethat ghthe timerod spaneptisllydrapstegmg pattesns (@nt  nasks on a

pr edet j ] j kL) i ighons from one
Fo” anot FscEe gty ot blcine) 8 inepHANTAkrE el TR K oh 0 SRS b BE T rmek 1 or
real expbsated4)ratihef the irmigedbamiof\Fhardctenintids (igpnsfor pdsition, magmfication, assum ng
that the magnificatjion fromthe tern of device to be fqornmed on the
subst rafjc‘%m(‘gﬂ’ ef‘b)_ ‘?‘Iﬁbe f‘?dt“ﬁ‘{n‘ﬁ%?gf%&ﬁh? pagterpsof Rare_;qt_ng@];_ ould Bent eger, “a hal f
i nt egercoRbettd® debdrBatleSitest 184306helof RS tdiidRalBenbireabbefion’AMtide first
pattern to the second pattern (36) is a ( cx which, like a , is an integer,
a hal f distertige chasacterintics pkibe gragertion optical sstem {423 of & projegtidn kxpsisurehe patterns
of those rent . masks..be cx S of the line wwdth of the patterns of

t he deﬁ&%&“?Y"E‘{%‘g‘s\?\iﬁhﬁpﬁé‘g‘s&?“ﬁ%r of the line width at the tine of writing

t he patt er ngf bk atldageofavagiationmsdsredétértined itlage forminguharicleristis@raphy system
or the like is 0 d, therefore, the error of the Iine wdth of the patterns
of t he CHRRFUESYPEm, Khigh gsesiaphofamask isenogin in @dyance, the distprtionprihplike ¢fe

patter ' | NG S =Tp1 Y ' ecision. Wth
regar dqfd 89‘%%Egge@%%&%%a@%ﬁlpﬁﬁggqn%ﬁ%‘ﬂ% i sJ pr eﬁé}lgﬂb e t? at the second
pat t er ovérbppingfpredisiop ar twtlikaisimpsoned| by adiisting)the tansfert positioset s (N bei ng an

i nteger_equal ..t o 0O reater than f.plural. patt s. (P..to PN, QL to
Q- armrERRaid i Eofon of e e Ranbat L Bl RS Vi oy it e
(2?) shedskslinbactps edyas o diicglef tedimognr efdutibticninPiointge farming the N sets of
patterns of plural parent masks, on a red,etermtﬂgd,substrate (4) while

p
sequenthAPFIGISHS abthitime of trapglarringheprtter imagesotihe mdiadial yrentiapesks di ngl y,
as the Jepliq®strd ; H%%K 2 1 JUN
2002 140513 r ans?k glrtgg(g?‘spot@te% ag?e%@%‘ef&g’tr’?hgE‘gﬁ%’gﬁ‘f‘ﬁ?ﬁgﬂ%\}}e ag?%%E ffect
reduces t he With eagardoto thatethereimayrhe agasewhergfmultiple phothmgsksing progetedm and t he

distorti or the like of the oj,ection.optical system.for . perf.orm ng
Feduct 18 et phlmesk’ Suf isst iF a R GAEY bLERRROH Ebost¥ RS pBEmA o
manuf achd rakg syste@vorake fike. Ihokistae, itisdesilstleoddisthe ittafisfer p@diion®rn on a
substrate, according to this invention, forns a pattern unit (pa)

cor r espBniormipecharaeterigtic.or the like.atthe fime of fansterring thepatterpgeithei r st circuit
patter : i f i t : 1),
T
pat t er rthdxgistortiomstheractenistic orcthe like eff projgation imfagesef ab dnasttworpsedetepmingd

det i ned bstrat SO i det i ned iti | . ti : d
P r anat RUeioD RBORIG PIRFARES Biveh UsEIHess AEGPRRS DBk SEBBIGRL Fear  exooaur e
on a SubSbatRhexhWuré Mpatdtises B £BuirBRtEReREIRTP TR GHPRAW NGS FIG 1 i

a diagram for eép.l aining the préc;cguctl on steps for a working reticle
( phot omask) Next,dhisaiebisahlertbat a plioterask berfurtheriuged inpedyction projetipar t | y cut away,

t t | di howi ti L duct i i ti
appar atASURATEd At APhotastesR s et tscHEHamEOIRERan Sl oy Etamaile U6 (R =it o ment
In Fl Gan]iﬁt]pgérq hatf infeg@r BAthE like GHLRPRMN 1 %&ﬂ@?&duléﬁoﬁéﬁﬁ%ﬁifg aDASERM i al

portions of “the projection expgsure aperat us I n Fl ow ng the case of
execut i gxgoské %wﬁﬂfor?f‘ocﬂlchig&t;ﬁqbtdnﬁskdﬂ B¢ FaGvhidh,ilike a3 pisas fieegerr,\achaifl ew of
essential portions of the projection exposure apparatus in FIG 2 show ng
t he casietegér opiths Ikt graajer then i) thecwmtingerens of thepaemeaf thp individval prreat mast er
L or R oG0S SR ) on a Sevicepateft 8T MRty SxBoléh, Wen HREP' © O A1




characteristic of a projection exposure apparatus which uses a naster
reticle to be produced by the enbodinent, and FIG SB is a diagram JUF\#ZUP
illustrating a nmethod of correcting the imge form ng characteristic o 2he
reduced i nage of a parent pattern on the nmaster reticle in order to cancel
out the error in the image form ng tharacteristics; FIG 6A is a diagram
showi ng anot her exanple of an error in the imge formng characteristic of
a proj ect:d . ' ' (oF pr oduced
byt he A AR 5 PRV Rl G 2 Rl il ol ) B

cor r ecpossiple thevritepgtterhofsagment phtéaras) tof thesndividoél pahent masksoeith theage of a
parent patt reticl cel, out the error in

th t I I der. t
the i nisgaredachgy eably 3rd 4 sprperiod obtime by jsing spelectiondeam 7 ' & di agram

for expihgkabiCsyeleRHoCd (a8 be4rs BfhobRbhRsy¥Ribe liRd.| e WiRhAhOpRRKY as

anot her exanpl € of the enbodi nent of t'his invention; FIG 8A is a plan view
showi npplestaee midatudzed fuetherstherfefore.f4 desiredsdavicgipaiern ean bpexposedwith thebe exposed
on a substrate A4 according to one exanple of the enbodinment and FIG 8B is
a pl annva%‘%\f’rgﬂmhg the reduced i mages of a second set of parent patterns
to be pl aceA pafief @fde phireft m&hs (RgMeit! pafiermb)anayiRnised b @phdie shigduced i mages
of a first set of parent patterns to be exposed on the substrate 4

accor dictigle b thediken Eurthstaity desisable tocopimizatiberiratge frmung gimracteristisifan vi ew

showi n ed i mages of a second set of parent patterns to be placed
thereo%cgﬂgml{fﬁe'gk%c Is an enlarged view of a part of a doubl e-exposed

I mge; FI G AX6urtlspltemaskrpraddcing methdbdadeording thakis thvehtior, whichi s reduced by

exposi ng.i mages at di nt, positions ip the expasure area of a projection
opt | caProayEr ERrodert BB ReviehE pispmapedirniies CUBREPAYST IrBrs. ford T1A | s a
pl an vj gatertnhddR (MR1) BéimielSvitteapte dderniBaiGsatin iﬁclf.ldflihé bné6fa Alrabigy &Nt patterns

to be exposed on thé substrate 4 according to a further exanpl’e of the
pattern units (Pa, PB, Pc) respectively corresponding to one or a plurality of circuit blocks

in the transfer circuit pattern; and transfers a projection image of the pattern unit selected
from a pattern of the parent mask (MR1) on a substrate (50) for the photomask (WR) in a
predetermined positional relation.

According to this invention, in the case of producing photomasks (working
reticles) for plural types of devices of multi-type small-quantity production type, such as
so-called ASICs and LSIs, the photomasks should be produced for each type. However,
not all of the to-be-transferred patterns (patterns of working reticles) for those plural types
of devices differ type by type but they often have common circuit blocks, such as a CPU
section and RAM section, even among different types of device. Even different types of
devices, which do not have a CPU section or RAM section, typically have some kind of
common circuit blocks (small-scale circuit units) which are smaller in scale than the CPU
section or the like.

According to the fourth photomask producing method of this invention, therefore,
a pattern unit corresponding to a predetermined circuit block in a pattern to be formed on a
photomask is formed in advance. Then, a mask material is formed on a substrate (50) for
that photomask and a photosensitive material is coated on that mask material. After that,
the projection image of the corresponding pattern unit in that parent mask is transferred to
a position on that substrate where the circuit block is to be formed, and at other portions,
corresponding patterns are transferred or written. Then, the photosensitive material is

developed and etching or the like with the remaining photosensitive material as a mask is



enbodi nent and FIG 11Bis a plan viewillustrating the reduced i mages of a
second set of parent patterns to be placed thereon; FIG 12 is a
perspective view showi ng the essential portions of a projection exr;oECWNemz
apparatus which projects the pattern of a working reticle to, be produced
by the enbodi ment on a wafer; FIGS. 1BA to 13D show anot her enbodi nent of
this invention, FIG 13A is a plan view depicting a first master reticle,
FIG  138ried anpheaoruingxy %@@h&bhﬁ& R pRERROSIn TR ipefi6d b6 btiffe afd fhus 43C 15 2
plan view depicting a“firs Ing reticle and Dis a plan view
depi ct i mlpwacasecond working reticle; FIG 14 is a struct ural di agram show ng

a projection e osureaparat s, to. be sdlnth nbodi e shownln FI GS.
13A to 13D, oA o5, f Ot eSamnlsetbe SShiu MG et as LLaThGIA CIS R Rons. of ¢ he
Pr o] ect {eefor RAM 'dé&maraaamjm Sedtidnfih Gh uaegrétkdl&}duﬁtdna Qtah8fd CASSH! ¥IDSE € 2

predeterm ned circuit pattern unit is transferred onto a substrate; FIG 16

i s a stionasiandard gelhgingenesrle ASICT 9fi the like vﬁtqmqongnofébhmlaﬂ%swm@dal n the
prol ect Rk SHRGS e RO M e blets albor B ib S inbhubRed R hemt | ©

structu grams ogra ysf % or witing the
pat t er ncopimeénliyrassde tHe&tmd:éfqarmcmg phdtomatkiN wdikidg 1&1cles) that are used in

manufacturing many types of devices and can thus reduce the manufacturing cost of each

device.

It is desirable that as the parent mask, plural parent masks (MR1, MR2) should be
prepared on which different pattern units (Pa, Pf) respectively corresponding to different
circuit blocks in the transfer circuit pattern are formed; and projection images of the
pattern units selected from patterns of the plural parent masks should sequentially be
transferred on the substrate (50) for the photomask in a predetermined positional relation.
This transfer of a combination of the projection images of the pattern units of plural parent
masks can manufacture many types of devices in a short period of time using fewer parent

N masks as a whole.

That is, it is desirable that the parent mask (MR1) be used at the time of producing
plural types of photomasks (WR, WR1). This can shorten the production period for each
photomask and can thus reduce the production cost.

For devices such as a new type of ASIC, parent masks (master reticles) having
new circuit portions should newly be produced. Because the patterns of most of the
circuit blocks of such a new type of devices are formed by exposure and transfer of pattern
units of existing parent masks and the number of pattern units that should be written on
new parent masks can be small, it is possible to considerably shorten the production time
and cost for photomasks for the new type of devices.

It is also desirable that the reduced image of the pattern unit of the parent mask
should be transferred on the substrate for the photomask; and the photomask should be
further used in reduction projection. When the pattern of a parent mask is used in
reduction projection of, for example, 1/ @ (@ being 4 or 5 or the like, for example), the

writing error of the pattern of the parent mask on the photomask also becomes 1/ @ as

mentioned above. In writing the pattern to that parent mask, therefore, it is possible to use

a lithography system, such as a laser beam lithography system, which has a higher



BEST MODES FOR CARRYI NG QUT THE | NVENTI ON Preferred enbodi nents of ge
present invention will now be described with reference to the accorr%) n&UiNrZ&]Z
drawi ngs. [First Enbodi nent] The first enbodi nent of this invention wll
now be described with reference to the acconpanying drawings. FIG 1 is a
diagramillustrating production step32for a photonmask according to the
first enbodi ment of this invention. In FIG 1, a photomask to be produced
is a mmfbmpﬁﬁbmpihst SFan'dldctdn beark iftfbgdph} Sftdoh. "Rs e pR6iokakk i 3BT act uri ng
a sem conductor device. This working reticle 34 has an original pattern 27
f or tr afusther refluctioncprojectidm; theiinfuenGr Hf thewiriting erranefshé patiedeof thaSiagendr t he

i ke) or another mask terial _on.,one surface af transmn ssion substrate
of " quar 29 hes Pt Brakine o G RHARIHEs RuerBe koA B AR o1 or red | n
such a ¥e¥ra@e to sandw ch the original pattern 27. Further, the working

reticle 34 is used in reduction projection of 1/ Q( a is an integer, a
hal f i nt eger Ferther,thy usingangxpesuee beammstogpedalownite a predetenmingd spottapart | ke as

one exa e) vi.a the. projection optical,syste f .an.opti cal r,oj ection
oo e BPE raord iR Rl il B wBRich SR n YR B R PaRR R SR AL IS o O
1/ a ti apat biheh 064 Ghectha#hére it idvageof tHegatberh lohid of thelpaehematk isS exposed in

each shot area 48 on a wafeF Won which a photoresist is coated, devel opi ng
and et cHmnsEersa. The ppitara ofthat photomask gyt inglyde inenfoer GopBessing RAsinBYtesn 1 cui t
patter nygdn 09 shafillcab gEme% SPthedike h@céiﬁ]é @ c%ﬁﬁ’&’évi&?rﬁis tlolfledd MR bRk ™ NY
characteristics of a projection 1 mage of the projection exposure apparat us,
such ascdséstoposduce b adask mdilichshaswwdly lires atd smalt-saate patternd os therlike as new
characterjstigs, .are, pre- asurgd and, thef‘ maasurlidg% results are uysed at the

time of PSBHRMIN FYFh 4,639 theprpdiqtion dimes forvappyy kinds ofipbetomasks qander . The
Fol I ow ggridhedCasd SRS probifictioncobts aPOlidERdated by fOrhik BA1Y the liMdsQdd Sl t he
working reticle 34 ‘as a photomask. In FIG "1, the circuit pattern 35 of a

| ayer ofcaletpatténnby| wijting with; e dagersheaincertbiilker device is designed. The circuit

pattern 35 vary j ] ke I f din a
rect angul ar hgg’ga?%(gg%a%ﬂeé} §%€1‘3?%§1$§%?%ﬁ9‘3%3s’8{?§3%&6& lh?ﬁ’suoéf&' gﬁlﬁgén dY In this
exanpl emaild’letatxiiﬁgr:]ut':]it (1oab 118y for Béiairxﬁxgrmmaﬁ%eﬂ u’myksa(maogm;ml inbsk sne:’jg'egi Ral
pattern 27, i, C S rect anqul ar . area,whose per pendi cul ar sides have
D el e B o S oo B S oBHOE e o
I3 1's t§RtehFB) Rirprsibctty o reudel g Gt Rt ith O askRAINhE adt 49k dnld @ ) of

the projecti on exposurée apparatus which uses the working reticle 34. \Wen
t he pr o} aubsirgn (9pos phatompska p sebstratetitage (6)sfos pesitioningthe pupstreteionlae 34

projects. it i Jo [ LGl L erp .1 S SO

nver ol rRARkEas 10 By ERLGEaEBARe pldieuoh ohtal BRI, 858 o Rgindly 12

or i gi nasysieat {14 An148) fios aligaimyg the &chsk yn she( mask skege (2) weith theselgsatte on thal f | nt eger
or the like Beater than 1, and 4, 5 or, 6 or the |like as qne exanmple) to
form a PHRsEalE siask I“hO’QBr, to\trangfsr ppduced imagesof patierps %&B%.p leEnIBes pendi cul ar
si des hayes\Whdhd'SubSirate, shifted fibfn 8A¢larfothera  dY, on image data, and the parent
pattern 36 is divided into a segnents | engthw se and breadt hwi se, thereby
form ng a x Theusemfthipphotemask produgieg apparatys, can iplempntthephotomaski mage dat a.
FIG 1 ShﬁV\cB t he %gsg h"f@?@g &y = O The nunber of segnents, a , of this

par ent %rg lfé’i’%mﬁg' SeIH BV e ssarii | y coincide with the magnification a of
the ori gi nal Inhistcase) a®dnd exatipie, fRImMask ro@inigy whiZetaink phirelgfakat mavks t e dat a
for an el ectron beam | ithqlolgraphy system (or ~a | aser beam | ithography system

. (
al so us@H @)RNonwhigh sesmanteshnatiems of an peateet Rittest pisa pttern (22)okd N), " and t he
par ent I ed <& Ibd CAH mast er
reticl egﬁl &g{éslﬁgo g'ér" g}@%ﬁgg?&ﬁ%ﬁp%ﬁg&g | ’Itu}?gc %{z}rgg?ﬁﬂ r?%és?azlrﬂc%f 1}@;@ R1, for
exanpl eat ashiglhspeed ahdrexpos arewars ke catied datl in asharh paiodalitiord. um or ol ybdenum
silicide, is_formed, on th rapnsm ssi on substrate of quar gl ass or the
ke, an’ el oB¥Rih Ibisdlesirably Wt i RDIATRASK FHPCCHING SpRaFaiys TAIA cofpprise
equal maggl, Pl Qint 4psisin {o4) 6 shicbihg PRARM o Pirb&idinfided shapd dlbhen on the
el ect rogl@%'efgm resi g Si ng t he eSI ecct rgonﬁf)eamoﬁérhograf)hy sf/%gt em
Ther eaf srbitrary pesitadndotthopattsommf thesnesksiagd gojesting e tedugetdineige bf thg and resi st
separation or the |ike are carried out thus rm h rent pattern Pl
in a paldeisd pé'h@%‘ b!dl}(‘ﬁﬂ_mﬁfé'of‘rﬁg??ﬁiwszet’?8?3‘511&{)8%?8 @ﬁ) éorﬁfe&g’f’tmﬁal i gnment
mar ks 214y @0 alignhient SYRh R0 A0 0O BIOFMIL YRS RecthaskWithithe Sibidlrstelof theor med on
the master retTcle in a predeterm ned positional relation to the parent
pattern Pl. Likew se, the parent patterns Pi and the alignnent marks 21A
and 21B are fornmed on other nmaster reticles R by using the el ectron beam
| it hography systemor the |ike. The alignment marks 21A and 21B are used
for positional alignment at the tinme of screen |inkage (stitching
exposure). According to this enmbodi ment, as apparent fromthe above, each

T 4 a -, e




z ~JUd 2002 directly witten. Further, because the mnimumline w dth of
the parent pattern Pi is c~ tinmes (e.g., Stinmes or 4 times or theZlli Ki&)200
the mninumline width of the original pattern 27, each parent pattern Pi
can be witten in a short period of tinme and with a high precision by an

el ectron beam |ithography system usiky the conventional electron beam
resist. Furthernore, once N master reticles RL to RN are produced, then the
nec essasws:awmegre iR ordtp Edﬂ'rzﬁﬁfe"r el rehRed %ﬂag“e%ercbed By nsttmaiview defeR ﬁ% edly using
them as w | di scussed later, so that  the tine for producing the naster
reticl eystgn omdhmbst:atnmaareﬂdawntrhp@amnamhmlons the working reticle 34 is

duced b f d Pl | = i.ch 1/
Pl s Che. pAMERER it fesiral Bt SR tridiREinvenarap shoiud pé rodioet Nl ane per f or mi ng
screen dxpaa@maﬁﬁmaaﬁhbngyswﬁpm AM1,A2E, 13D) mﬁfa‘dl@ﬁhgodﬁdx?ﬁéuré Beagt i on

projection exposure apparatus which is used in produci n e wor ki ng

reti cl dlaser beam, geatronbeamior thedike) feppid w9 @rspot airp dentrcrﬁvcmn enthapt i cal
system C ) e.lens for
a1 or it A o QP BB o RS tich i Bl o Bt hor farstek TRl e | on

systemmaekr:ateasilybbrorﬁﬂdbyarrttﬁtlglvatﬁared;@oair@baama condenser | ens system and
so forth, irradiates exposure light IL on a reticle on a reticle stage 2.

Pl aced on t Hemethodof eragtrfag@nzgaﬁetrﬁt for fgrmying apredetermingd paitempona ) ¢ o N)

mast er I as i line
(wavel éggstﬂﬁ& ﬂgcco?&r}[ﬁg @gfrgn%g&e?lrg%%? %/mf&gﬁgs%cran@g&&ﬁ 8??? X?ﬁgtéaigg gener at ed

f r om a fugthier enlargimg anl edarged ﬁm/wtmrrg(aﬁ) otfthé! pedetegmingx fattemmtmpattcmse]f

(wavel engt h of 19 0 ser or the |like, or a
har rron PLAgins sl (P 48 BG oL s DRSHEas A ko feal BoRi £ e et e
reticl end¥irsi ﬁht&hﬁ%ﬂ) bylﬁéﬂtﬁ\ﬁﬁﬂg}eaﬁ&%nlgﬁojwtmh%ﬁlﬁcﬁaﬁ%%f #ﬂﬁra? Bﬁrfeﬂlce of a
substrate 4 f e working reticle at a reduction 1/ a ais
5, or 4nasgks tmeptcrikter)rnrwcésr@smtej(@ctqqewt@Iiy ﬁ@étrngstbet BORitiNS fram gnnot@t rat e dis
B ek raRbdie ol fffer H RRLEA ol of! B} &%gf kol teiPexgdsliflcl f11 M of 2
mask materi al, such as chromu enu ICI ornmed on a

pat t er mhessubstrats(Whee FIG 4) on its surface and t he tvvo aI i gnnent  mar ks

24A d 24B | t | al t
2 i A Ring G IS ipvehiorsenng Bt e s nisEtion i o GF Lot g  pomt e

on t he geyied A% Brmed GEthe YRStARL R0 thk S Y8 64N HP@% frask
material. In then?%l | om ng dgscrl)ét)l 0.~ l-ngéa)m :B}(? par%l | el eo t he
opt i cala halfiimtegeX oothetlike goeatgreln I)randmd magmfmasbmﬁ'oﬁ th¢ fiest Yateerh fo0 ths par al | el
to the surface of_fhe sheet of FlI in the plane perpendjcular to the Z

axi s aftFopf@aern(36) is & b%r\ts@ﬁmlltka rlsee rttrﬂ&r,sathatfaefégtrforttrrelﬂgergaterof FI1G 2.

1 JuU 1 Fi t ticl Ri
Cher eonP i D iph b of Indaliéhy St fof A9 fRILbRES o' B BFelpercy” ©
al | gNMBA#hVE HRPabteAd D anchem@ ffané Writiftg\errSr TNl WidHH z@th@t)im%f ch detect

the alignment marks 21A and 21B, The position of the reticle stage 2 is
measur exditing the PﬂS\emSI qf thase patent magks rwrthmneqlfrcérp@heqr@hthomhbwmt potheof t he

I | | d he, d
S A R TR
I d
L SO T O EO BB Bl Ap00 S gl 2 O

sanpl e ekadth€ly hightpredisibs. secured onto an XY stage 6. The sanpl e table 5
aligns the surface of the substrate 4 with t i mage surface of the

proj ecti on J¥ih tesnrdstyétfetﬁvscewarw&ﬁmagrmﬁgoct I‘t‘e‘S pisEazable Bt thegeconhe posi ti on
| | le b
e auFafs e o theHrdh Abic Yol G SeRhERIENSRTN el dnlfiebit¥ghBlloandl © BY

(subst roagreatéy than 2)) béperaII pattarhs (M1 ta PN, Qao QON); amlthe phtotomask 34y for Tedby, for

exanple, a linear stem oor di oor, te, and

r ot g? i Gﬁﬂﬂsuéﬁt‘g%c%‘fv“k‘ Y@ﬂt@“’t ég) %hogf rﬂ&%&%ﬂe‘gvm&“ﬁ‘r{?&'ﬁ{j’"m rror 8m

fixed . t 8 I ted
| xed o Jtﬁfan o?rtheo!tls LS hgﬁ%&g&asgolf@ghﬁgfeﬁ%sl% dnaaa[g(%déltée}hﬁﬁédesrugﬁﬁ}t@ ocate

opposi ereto, S are a stage’control
systemv@lﬂlcaaqhehhdlmrformmgsccdensi;akagr(stﬂchiirgnexpmw)ag mrror 8mis a general
termfor a nopvin r nthe XIS ving mrror 8nm¥Y on the Y
axis, as sho¥i® I‘ﬁ"ﬂTY ﬂ? é‘P%&fé Ofglarﬁﬂscﬂf pgg,fg{lseéhﬁ)pfffr@mlfsoqrg t he
operation of a linear notor or the like of the XY stage 6 based on the
measured val ues and the control information fromthe main control system 9.
In this exanple, a shelf-like reticle library 16 is |located by the reticle
stage 2, and the master reticles Rl, R2) ..., RN are placed on N support

plates 17 arranged in the reticle library 16 in order in the Z direction.
Those master retlcles RI to RN are retlcles (parent masks) on vr/mch the

o g, . oa s A v — o . s o, . . 1 o~ o




Connected to the main control system9 is a nmenory unit 11, such as a
magnetic disk drive, in which an exposure data file is stored. RecorZdedUN ]
t he exposure data file are the nutual positional relation and alignnent
information of the master reticles RL to RN and data or the |like of the

i mge formng characteristics of projéction imges (projection optical
systen) of the projection exposure apparatus which uses the working reticle
to be prefuced, blerlaph& &fe%mhstheﬂhetﬁeraging%ﬁe&_reasﬁeﬂhegff&a%fﬂxebst rate 4.in
this enbodi nent, wh exposure of the reduced inage of the tirst naster
reticl e wRitingetrorstafi¢hef lithegrapiycystemead thre distertionlos thedike of thesprojeatpdet ed, t he

next shot .area on.the _suhstrate.4 is, noved to the.exposure area of the

b1 o] ect PRCELPRIEhIor BELOETE Y H P Sl BiPTthPANTY SRR IR ot age 6. In
parallel to Nke a%Ym%anh%tdﬁgta%ev?cﬂér%ﬁniﬁéa(ﬂi‘hdtzfé?mfnéél cRbfe stage 2 is
returned to the reticle library 16 via the reticle |oader 19 and the next
mast er paitare bea Rabstratebeccordingstb ¢his ényenon fermsd pattemhmmit(pa)icorrespondige 2 from
the reticle |jbrar via the retigle .loader 19. Then, after, alignnent of
the maste Toast e careuis Blotk o Gpdreed P erdRirglam i eI keifa as,

t he redpsiedn bia@ereff midkg { prodiicek iaphetorfask EMR) fr e€dl epRiet forésed in that
shot area on the substrate via the ection optical system 3.

: . SUt ! pr oj .
Ther eaf Wit the fist sieyilpatiern by grasterring tee Pﬁéé’f‘b?m? fttheparentmask 9nRN are exposed

in the : ' A st at after

anot hor PRORFIUE) s SERE £0) 8 BRELI AR RRT AR PLchIART 4 andteRTfe . hosur e
appar at eesluced ifnlage ofa pattesn oft the photempsksior eeat gypesure on eduledtiae (W) foy éet | on
exposurﬁ%a&garat us of a scanni ng exposure type such as the step and scan
syst em A8}*be used instead. The scanning exposure type synchronously scans
the master reticle and the substrate by a reduction magnification ratio
With respect to the projection ocg{ical system 3 at the tine of exposure. As

wi |1 be discussed | at er BRIBEDESRIETION ORBRBRAWINGS an error (skew error or
the Iike) whi i ' 5 can be

corrected by 'e1 lgggﬁéﬁé?%ggﬂﬁﬁﬁ %ﬁg%@g%%%ﬁéx%gg%?@@gggr atus. At the
time thehoetaskyhsiamegibedinient bfthissatentioneti cles Rl to RN are exposed on the

substrate 4 way, jt is necessary,.to rfarm screen linkage (stitchin
et neen adj oF i P EaTlY G HGUSCNA Hiagih SIBreEs Srgal estehid o, 1t 1o
necesSabﬁbjécﬁomsﬁﬂaﬁgﬁ&htﬂﬁmf&) i9lisedas Brd@lﬁéihgiherﬁérkﬁﬂgﬁetﬁlcﬁd the 1 to N) with

the corresSponding shol” area (Si) on the substrate 4 with a high precision.
For t hi emb¢dimenten®FIGtHie proj ecti on exposure apparatus of this exanple is

provi ded wt al i C i f retd tr.ate. FIG 3
shows the al ?Ig('?\l%ég? P g@&%ﬁ?ﬁ%ﬁﬁ& 0 c?%tcivg{%g%agg%lctﬁg? ‘%gg?%gkﬁﬁiééft?’i"ﬁ%%i ment .

2 1 JUNetiobdre 2ppdratus-in@FIG3 2 showingnisntases ofexetyting alighmemtrof @ master retiehdyer 12 i s
secured on t sa.r’rgle table b in the vicinity 01}‘ the substrate 4 and a pair
of ref er encelTHAds 2 PSTAPeRtiye YisW ¢fressential partions|of theprajeglion eXpOSIC o1 o f or med on
the ref g5RARGE IAHIE. ZEHNEAg the cade f projecifigRhéliedtediimh dréht ik

directi g‘f}. Provi c_gd at th% bottompg(:‘SJ tﬁ{g reference %ﬁ;l%p 1%hAtpgﬁ% 13B are

i 11 um nef @ masteyretideron atsnlstrate 4;uni nate the reference marks 13A and 13B

br anched 1 oFdie. ARl vl ShE Bhafpoth b ctor ' WHThREE i 0 e or
retici ectidractdriztic £ pfo?td&n BXydsGre ipparatud whidh we€a pastet reticledo bé) such a way
e

that the centers of the reference marks. 13A and 13B on the reference mark
menber RrRdueedyheembodiment,and G, 5B;1s a diagsany illustraymgamethed phearregiing pt i cal
system . 3 L vl : Y, { Two

ali gnrret:hteqﬁla {fg)@ﬁ/&%ggé%ﬁlélﬁf tgé *g\rdgés'bg lisr{%gebae(f a}iéérgrg agirgﬁgﬁggg?%ﬂf ornmed so
as to semidleiiobrden o @attleunthaesar BOhoimigedomuing ehatactenstias;e ( bot t om sur f ace)
of the maste %cleﬂ. The di stance bet%n t he reher.ence mar ks 13A and
13B i s set ag -4 15 diggram §(Qying 3npREr Famp DSHOLILRE BARS oA B ges of
the al i gpRidristBoKS projéttiBR dxpokbrel ppitaehs Whidt \RePs HastFieticle 9B i cal system 3.
Wth the centers of 'the reference marks 13A and 13B nearly nmatched with the
opt i cal pedieedAy ths embodimente andaBléy 6B is h diagedme Hinstsatingsar ethedbbeornepting
illumngted fromthe bottaom si with the illumnation |light of the sane
wavel enftHm4ge Fm“goclhalﬁaﬁ n %ﬂb@ﬁ? faedflfeélﬂfnag‘f_oéﬁ pz{rﬁrg PB&%}}‘@&‘?F%W“%& i cal
syst em Ztickan bRk iCEnREIGREH FRGE T BE ithiR foRhiAp ehasctemitics; 13A and 13B by the
projection optical system3 are formed 1n the vicinity of the alignnent

mar ks 21A and 21B of the master reticle R, respectively. Mrrors 22A and
22B for reflecting the illumnation Iight fromthe projection optical
system3 in thet X direction are arranged above those alignnent marks 21A
and 21B and the alignnent sensors 14A and 14B of an inmage processing type
are provided in a TTR (Through The Reticle) node to receive the
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the reference marks 13A and 13B, and those two sets of the armur?tﬁ_ @M}@?e
positional deviations are supplied to the main control system 9. H n
control system 37 positions the reticle stage 2 in such a way that the two
sets of the anmounts of the positional deviations become symetrical to each
ot‘her and fall w thin predeterm nedisanges, respectively. This causes the
al i gnment marks 21A and 21B and thus the parent pattern Pi (see FIG 1) in
the pattern . . 3 i j Qsi.td oned with respect
to the ref eﬁ'@s%ﬁﬁ%aﬁgﬁﬁgﬁ%ﬁﬁwﬁ&gﬁ ﬁgps\%\%ratc}g?&t er&j(l:ée?%t er of the

r educ e dplionaysk) &qnothdr exatmgiié of the einbbdimepesfahis ipantier;n Pi of the naster
reticle Ri the prqjection optical system 3 is substgntially positioned
to the cent HG'% an REW P@F@ﬁﬁ%r é/qgs‘mié‘ﬁ of g dirstsef (?frPé‘Eﬁ“f DAEHS opt i cal
axi s AW béiiloddd® Bﬁ%‘é&%cﬁd'ﬁ'ﬁﬁ@% kPR FOUY QiodtherftAfd PRSI pattern
Pi (the con 8%” cl)]]PaeS{uhe pattern 1a%ea eOxaape set paroaﬁlcerf to tﬁae X axi s and
the Y @@ san viewphowingdhey redieedamagés of asetandtsetoof, patenepatieins to baplaotd syst em 9
in FIG, 2 menorizes the X coordinate and Y coordinate (XFo, YFo) of the
sanpl e“?cé"&F‘e 5 that are neasured by the laser interferoneter 8, thus

conpl eting fhe 9@1isgmieﬂfdcbi&ﬁn%ﬁﬁtré‘ducé&hé‘gE?oﬁ firsﬂk@f)?ﬁqrérﬁrpattﬁ‘ﬂs arbitrary
point on the sanple table 5 can be noved to the exposure center of the

par ent tqbetaxpesedpin the subsirgte 4zccording|to gpntkarexanapls of theZmbodiment.fdGe processing
type i Vi i £ axi n e Sj jection opti cal
svot ervBl §HeEftalhofite B8 reu 0B s BIERebEselbe iy BRREL " F

al i gnnplatedsterson aBFIG. DQE BabESrgad Viewf-adattataaidublesekpased fmaget uni nat i on
light of a wide hand,to which a photoregsist i s not photosensitive, picks up
the i mage ofIG-HO 1§ 3 dipgrambios cxplgining thatdistertion isfsdunerOF SXPASHIE IM3gefe pi ckup
devi ce o3 | 4 i j to the
ali gnn%tno'?ﬂgr% afﬁg r océgglgﬁggﬁgrf??%ng? %? éj%ﬁgmg{bgthgﬁggex?b%g% @r’é&?nnunt)

bet weeandtlee atithe sarhe positemt er of t he al i gnnent sensor 23 and the center of
the project] i e of the.pattern of the .master. reticle R (exposure

cent er) hask@éh@gaﬁr@éﬁc‘f leﬁfieta}éée suged igpess (_Hra H@ttsgl‘r‘ﬁ%é?i‘ ref erence
mar K Opatteh tb 6 eXI36€ o BHelsubHrates adcdrdingliod fafthét dxBmpleefif N control system
9. As shown in FIG 3, the two alignnent marks 24A and 24B of, for exanple,

a cr osemaofimentand MG, HeByisgrplamuewilusyating thegedvced images s sesend set of t he X
di rect] I of the master reticle R is conpleted, the
XY stagagg%t qﬁ?;térgﬂos/ﬁ(} 1@5522%5%“ ally nove the reference marks 13A and 13B
and t he al i Bihdatis apekpechdd\virmshdwihigthe edsential partions of afprojectidnG. 3 to t he

detection area of the.align t sensor. 23 in Fl 2.and t he, anpunts of

oS 11 EAPAFUIRBOPER P MO PRI s sEREmat 2 eorkde FiRie 4t oA ol  gnnrent
mar ks efibodamentmb wafe) respect to the detection center of the alignnment
sensor 23 are 2 1 JUG 2002 23 neasured. The position of the sanple table
S when eachFIS. 134 tp 4B sbawanptheyembogliment of tsinyeation, KIG, 134vsa plannar ks 24A
and 24GehSucfielifich fit MastePferRld, BRI 18 ERRAViAR digict EGf MYsedne | aser
interferoneter 8. ose neasurenent results are 'supplied to the main

cont r otetislesFIEM193C isvi plah virvedepittings firstwonkéngenticle e FiGs 18D isig glanr e t he

coor di nat e(ﬁa&{Po YPoé of, .t he sg[rpl e table 5 when the center of the

r ef er e€¥® 1ing 3 secopd workipg Istigles ™ i th the detection center of the

al i gnment  Spi3q4 igs siit@ural @agrafy sHow ropéttion %Bbéur@ﬁ;gﬁa?@u@%’ﬂé'u@ed able 5
when the center of the alignnment mark 24A, 24B Coincides with the detection
cent er inghe embodimegtshown is FHadr132at0 IR s conpl etes the ali gnment of the
Substrate 4 . -di ' ‘ ] ] L.sf.ances

bet ween theFIchflltS Z}SF 5@%%%8\'% 2?@%&%&%@@?@?&%{2&%@9& t% h&ég% (r% ‘Zr% of the

al i gnmegparatimy ik F2G A ilRdFatinpotherease ¥heredpredeBimineddireiit pdieeh @fivise, by dri vi ng
the XY stage 6 in FIG 2 by the distances (XPo XP~, YPo - YPl) with respect
to t hetrenséaredpaieasybgitaie; YFo) of the sanple table 5 at the time of aligning
t he master 4Gl | . Je SIR : and 24B
on the subsg:frtiitlgs xga?[r%cetﬁ%g%@gr?}ngf{xeﬁel S %%Bg?glﬂz) ca?l& %ﬂegwr?g?gﬁég with the
cent er plgdcrier exgosereapparews imAIG. 2namd (exposure center) of the alignnent

mar ks 21A and 21B of ~~ the master. reticle . R wth a high eci sion, as
shown in FI &dﬁéﬁ I Sehematg strpcturpl diagram shgwing qﬂ?ﬁrgﬁa’?gtq%ﬂﬁskl’ RSty e
table E}rivﬂit?ﬂq paliere6t 4 MasidNditiByR di rection fromthis state, the reduced
image Pli o the parent pattern Pi of the master reticle can be exposed at
the desired position with respect to the center on the substrate 4. That
is, FIG 4 shows the reduction projection of the parent pattern Pi of the
i-th master reticle R on the substrate 4 via the projection optical system
3. In FIG 4, the rectangular pattern area 25 surrounded by sides parall el
to the X axis and the Y axis with the center between the alignment marks
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24 exposure apparatus that uses the working reticle 36 of this enbgdlit nﬁm
is ideal, the main control system9 drives the XY stage 6 in FIG $ 002
match the center of the i-th shot area Si on the substrate 4 with the
exposure center of the reduced inmage Pli of the parent pattern Pi of the
demanded nmaster reticle R by the aliéve-descri bed alignnent. Thereafter,
the main control system9 starts em ssion of the exposure |ight source in
the illum nation optical systeml1l in FIG 2 to expose the reduced inage of
the parent pattern Pi in the shot area Si on the substrate 4. In FIG 4,

t he reduced i mageBEST MORER AOBRNTCARRYING QU RTHERNVENPION in the pattern
area 25 on the supstrate 4 a i ndi cated.b lid, |ines and unexposed
educed | magESeas LT ARBsHE At By PHGI ALY D PrACCRBRDRAR | mmges of the
par ent galh& tBhdAcchpRYid drhWfg) master reticles Rl to RNin FIG 2 are
exposed in the respecPi ve shot areas S 1 to SN on the substrate 4 one after
another in the above manner, the reduced inmages of the individual parent
patter P_1.tq. PN .are exposed using stitching exposure technique while
scr een%ﬁﬁ%’@g\me{nﬁﬁt he reduced i mages of the adjoining parent patterns is
bei ng per f ormKe dirst eabOAiienABbHthisdnnAbeFill Adw biB&RriB&I Wih edfereficeltbenePar ent
pattern 36 in FIG 1 reduced to 1/ a is exposed on the substrate 4. Then, a
phot or éedostpapying Hiawingsstrate 4 i s devel oped, and etching and separation of
t he remai ni resi st . . ] i . that the
proj ection ?%gﬁﬁf?}ﬁ%%@k@ﬁ%@gt%@%ﬂgh E%B%fr?gg%? é@hgglf g#%f'ﬂ] %t:ft’ttpégr n 27 as
shown ifiest Eﬂnﬁodiilnlznt dsthgis invenpbet Inrl%Gt neabpmtddmsg td bé 1'ntz>k1&ct=.ﬁi4%I a Norltihgehti me 0}‘
exposing. a single substrate 4, the substrate 4 is secure nto the sanple
table e g%‘?ﬂ'l%é'éé‘ 5pd a8 ﬁawgé’fa?wilfmﬂw&%fn%%em@ ClopgfyiGet s position
|s_accunBlaliingRaRil $fhinlditidRFaterd 21 Rk baRdIbAhedor REAISACHNE
positional relation between the reference marks 13A and 13B anhd’ 't he

subst r aolybdeniue siligide (MoShge thtulike) gr aothss mask mhtedakomopiesugfatesefraat e 4, t he
master reti.cl,e Ri_has only to be aligned wth the ref nc ks 13A and
T35 o UeRsioRppgs of Qiafe st e B EE P b el mafls A 8 R oo of
the al fgmee i suthlakeayZdAo samdwichBhe briging paubat7ate 4 do not have to be
detected for each master x ~aicle. In this case too, the parent patterns Pi

on the mast Enrthes; the werldng eatislec3dis used ipreductigneprpisetinmef 1/ Bel( B inatur at e
positiognal relation through th ignhment wi.t h the reference marks 13A and
DM antestama e PRI Sttt 358 s k9o of Ty S ¢ FomSge cont r ol
syst envihGhebriofedtion optival §ysteatlofun dptieallpaiedtion Rk gdsuts sppaiatis. EhafNedd! ess to

say, the precision of linkage between the individual patterns becones high.
The al Fnrienfterrreduced 4ma ahiehois A6 tivessdkesenigingl patic 27@fhe f or med on t he
substrate.4 in advance. .this tine t the ti of..perform ng reduction

Cr anst apfte relioR 34 Efpshig bRl a o8 bp g Yatts WrSiBE R pBEPERA " e

mast er céatdd, develdpin@and @ctin®octie HROM@ caicd A6t 18foin & Yrodelelifine® cigeuit t he

al i gnment marks 21A and 21B)_on, ea%h master reticle R may be reduced and

t r ansf Bftfeay3> ppgachsliot aremd8. oln this smbgdigent, thedgage Earmingchagclesistignple

det ect ; i | i ] e parent
patterﬁgrﬁcugﬁ%gééﬁetﬁ% p%@? g’ﬁ Q’Fﬂeo%{lﬁglagﬁ,ﬁgggqt e tdr]ans Z‘%‘Q{)"é‘épti ons of the

r educ e symmeigie sberfationeng distortiomp charateristics; atelpee-adpnrehindthe tneasuriagi cl e may be

Cor e SRS o e OB e AR B BB 215 B

transf g ffloWhyg diScudsdseheTiReembdiMentt?aindth 6 prédudRipith&wokeng24A and 24B
and the |latent 1mages of the aforenentioned marks. The alignnent marks 24A

and 24Btigledd4asaphg@tdmaskdvance on the substrate 4 with a | aser beam

| i t hogr aphy r; i | i ke prior
Lo g ePh 1. Acirtll Budioh 598 PRI dr ddARMIIBMBYEAERaubdE || K€, P
subst r dévcelis desigged. [Theroirsiie patteth BS hassvaridieline adypadeqatitmansthenikef mth (an
i nteger satisfying NZ m~ 3) and subsequent parent Fatterns of the master
reticl érmied iha feetangulgs area vhosespespendicular sides haye widthe of ¢X apd d¥c bthisnages of

§ Eme- BRI G SR PRt s agSRR of 9 o LRuRe iR B PHER | ﬁéélei’ of
the (myactdrehahgilh: B2 LABDRYIBASASHAIOEARAGIR. KR SO TaRQR! L[ Ona

i nformation an ral eces of positiona nformation rma

subj ected to an averagi ng process or a statistical process to determ ne the
position of the shot area (sanple table 5) on the substrate 4 where the
reduced inage of the mth parent pattern is to be transferred. At this
time, the position of the shot area on the area on the substrate 4 where
the reduced imge of the mth parent pattern should be transferred nay be
determ ned by carrying out the averaging process or statistical process
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the nunber may be 1 or 3 or greater. Further, the nunber of marks ??.@ﬁZMZ
detected in each of the shot areas where the reduced images of (m='T
parent patterns have been transferred is not limted to 2 but the nunber
may be 1 or 3 or greater, At this tinme, the nunber of marks to be detected
may be made different shot area by SVt area. Further, all the marks that
are formed in a single shot area where the reduced i nages of parent

patter far: Yeln® . of 1t he marks
oy be RO BFE RombOE! Bric B ERoRA of BletpA ion Blojéthol re@ARiAtiod 20, 1T and
the posgtB PoPthOprojetiba ekpbsiR ppirewt QhidRReBe WRHANS R RN IWAGPhe ar €2 by
shot area.” A nethod of transferring a plurality of patterns on the

subst r giregjecticn\exposuks appatdteswhiclyedeh dre warkihiggetiads84ipiofects itrreducadpl e, Japanese
Unexam ned Patent Application,_First, Publication No. 5-197158 and its

cor r es pBYrEie imagesthersircuit patigen 3% souspduverted and prlarged 19 pgyire the otiging

publ i cal;ahagzqnd the U S. patent are incorporated herein by reference as a
part of the present description within what is permtted by the donestic

| aws of t he Neaynhe grigipa pafterad7ds megiified byl o (10 theing annhegeraa haifiailteger
application, Wien, for exanple, dense patterns and isolated patterns are

f or med ar thetlike gpategithan 1. gad e} or ©or the like a3 ong example) toformapageny patics? ns nay be

for nedejéf‘vﬁgu‘[éﬁ hggizﬂe%{anélgé} :%i'lzaewﬁegsaiq@#enﬁc 4ifds. Ha@% gvﬁ;q%ggs Ry 1 Rygand the

i sol at terns ay _rornne another sing ster reticle Rb. At
this Uigge.q SiBCEIY 08 ifiakd AR, A% BRI AR 6 Rlvidsdfilo Bsdglinlsl | umi nat i on
condition and image form ng condition, differ between dens€ patterns and

i sol at aehghtiteindsbreddiitriey PRGEbyEofifingi d ix0Sparért phtterfis PI\P25 R3PS, RNENSI ze of

the aperture stop in the illumnation optical system1, i.e., the intensity
di st ri buti®pof ivhgt Bea.c Kb lshews thphiaseowherh e EdiurThernumbensef sgmeplsate Wi t h
respect to the pattern surface of the master reticle R in the illumnation

opt i calof $yjspasent patierRS6dopERA Meeessaady epingideyvith theamagnificative ¢ @fEE cal
aperture of, the jection optical stem 3, . be optimzed. At that
e, rigimal ratepts Dleih hetpbRlosh e, TheeBl vl o ARSI d Bt o )
modi fi Qiﬁldgkdpug"sfbﬁdnmarmdﬂbéhxﬁ lihopaphesywtenl dyedsable) isyrbdidad fiviape of the
secondary light source is_defined as an annul ar, shape or a plurality of

| ocal Ahassgarapinafterns Fa il N end theparanh atiems I 31 Eansfemeddn gqua he
i1 o Ratoh Gida i doGAhastrSEER RIS £RERWRkSYSt em which alters the shape and

si ze of e secondary light source In accordance with the reticle pattern
i s di scl osebh produding the fastphasier fetickerRE dot sxampln, adhin Pdmenfia mgshlmaterial.on, Fi r st

Publ i catj,on . .5-30407 nd its.cotrrespondi U. S.. Rat ent . 5335044, and
The o S8 PRmiBR o gy stifiden SRR P wanshiodfh St o o at ed
her ei n gayrtd ghwrog figcliles amelgatidn tthmi rosistds sttt ordBBATlnptHeaanwybdli N what i s

permtted by the donmestic |aws of the _country specified or selected in this

Y
i nt er nasagaiigation image of jthg firsipareny paticen P1 i Witten oppthg glectipn BeamhEesisk posur e
conditi i j i i YRS ErebisGht in a
ci rcul élrgﬁglﬁgga%%c%tb? é{tbd&ﬁf%}é&t&?.hZ’H%rg%fi?’ez,atli:@glglas (a sor-e%:lgﬁged pupi |
filter)devedgpedecandrgehingandoesistoneparationf orghe likeare icarrind oyt, dfustfommipgithel pl ane of

the proj_ection tical, system 3, .0r _a,so-called Qgressive,focusin
ot hoa PREeRCEAtE PDIR & Sl S6F2) o 8w PR BT AR SE RS HBREER, oF
opt i calmaaNsiiNand Z0Blcdhigriszt of feedinienkidfalThdiks SHRURI Be fothéd bn thepipget er m ned

range in relative to_each other may be used together. An exposure system
whi ch heticleinpeiedatersrinespositioaalirelaionto the parontpattemdP 1o Jdkewise, | theparend

- di scl os LNp: fOr S i i .gn, First
Pubt | c 3BTt RismanE KRRy, miiR 2 A%hd ABSANG RR R bR fcrRELRD, 1112

an expayusiag shesdlentonttiean lithgiraphy sydiem jok d@riikes iThe afigranait ngarke2 120shd s

di sclosed in, far exapple,, Japanese Unexam neﬁiiBEat ent Application, First

Publ i calBse wisd f@méma%wgtaémté%eﬁwm kage (BCRIRE eKpOSUA83311, and

the di scl oS R5rdidl oI Bmibdlinich'as BSarél frobh e aBEVeCBIR pafeic pAlfe PO at e

herein by referen as a part o present descripti at is
per m t tvericibig writendynbes electrdnchwamdithegraphysystem(oslpser beam ditlograpbyect ed in this
i nternational application. The aforenentioned progressive focusing nethod
may be SystpRbisdie onginal papemedieniprasd Bye® nip ‘Qatﬁﬁﬁé’éi"g’ﬁioffle?%wﬁﬁsqmadﬁd the Q
value of the. illum patpbon optical.system set to about 0,1 .0.4. . A

phot orreféRrepsed tR,abquy Frf ed® ?‘B‘E‘) “‘r@a‘&%ﬁﬁ’(‘iﬁﬁ?ﬁ @hqﬁtr@rﬂrW’gﬁ Pattam 52?1% el di ng | ayer
of chromumor the |like, but may be a phase-shifting mask of a spati al
frequency nodul ati on type (Shi buya-Levenson type), edge enhancing type and
hal f-tone type. In the spatial frequency nodul ati on type or edge enhanci ng
type, particularly, the phase shifter is patterned to overlap the

| i ght-shielding pattern on the mask substrate, so that, for exanple, the
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and the reduced imge PIS of the parent pattern corresponding to the
original shot area SSis projected in this FIG SB. In this case, diVveétW 200
that r is the distance fromthe center of the shot area SS to the opti cal
axis AX1 of an expected projection optical systemto be used, the anount of
positional deviation in the radial di8ection of the projection position
when this shot area SSis projected in reduction to 1/ a by the projection
opti cal 4 c ( - L .o i rt.her, the
arount. ATRCE SRR RS ecatd i e WM A M ok PECA ST P he
case Whemes (e FkReSeH Frimesor thOlkd)fthd MimemU iR dvidhad eheripitad patdraVi ousl y
been shifted by 8 (r) wth respect to the shot area SS becones 8 (r)/ a .
Ther ef of e caghrparend pattern Bhcandhe waktenanashort peried ofitisne andrivith @ highiprecisierount  of
posi ti i~atl ] . ) =, - rli a) (2)
From tﬁ'?@"e%%@?té’hg’?é?@{@éﬁﬁﬁ L%?%o??ﬁ%‘kg?@lfgwé{) éaéélgeg}sﬁ) becones as
f ol | owsFurthefmore, once N iastér r@tigled R) td RNtane pro€aced] themthetnbeessarpnsmberpf when
D(r/ 13 ) takes a positive (\{al ue neans_that the reduced inmage PISis

Shi f t ecPRINGHENGIFS Sheamdie moe ucr@ by prpeatedly 4sing them as Wik dfjdiscussed fatéthe shot

area S7 fgﬁg r ot tic1Rs RES [ kgrage P17 should
have besz(gr%r";sl(r?l1 teg%li- guc gtathg/gl;&grsétlglggsatigflgﬂtkﬁgt%}geﬂgflﬁ%gbﬁ) and reduced
i mages shoul Thahisy thebvemkinghetided4d siprodued Yy framsfotihgredstrdtimagesalli (iFor t he

shot area S13 on the optical axis AXl, it _is unnecessary tqQ change the
pPOSi t | olntocﬂ% which afcld & wag@lcmaﬁ! PRERS A oh Hioye NimastegrediclsRigthilen Fic sa is

cancel . I o] s exposed. 2 1 JIIN 2002 29 As
appar e%@%ﬁggf’iﬁw@%%ﬁtﬁ&%%@%ﬂgﬁ he partial area in the projection

i mge 29 whdd6. diskdvenareopticahretietionpirojectionaxpesufedppamtus whitteisnmerhinf | cat i on
is changed b 3 (r) an h Lght non-rotational s tric deformation
gener atﬂgﬂgucf% “Eﬁl §ﬂé‘%é}ffé'€ij°3t4i ﬁnﬁégggf ths time qfﬁ.é?OSPWea’bﬁ@f}gﬁit}%‘n opti cal
syst em 3yiedl syf16mA!, AhRHdoRIprRELASAPEsAP R 3bERe, laTly=dy@lert f8P@MHEdimde provi ded
with a correction mechani smwhich drives a predet'erm ned | ens el enent in,
for exalpnganecdistpbuoliers @h eperbyse stopof hydHeminatin system, p rdtislesdindhat  t he

D oL AR AR Y APl Eheh Ok S SRRl S D 1 e
shot arretci&Son b feticledtagexnflaeed dnlthe refible stape 2dmthis éxamplecis elsei-h (Peditdi on

houl d hift i th j ecti | t i FI G
2 but sy B+ Tud nois DEntsea RUMEEE e tuch Fadine CyeNee Shoul d be
S0 Corrﬁstn%gfﬁﬁns%&angﬁmpwm& REntQRiieSRRAEI o B bk Siffet fReeT rOr 0 (3

(r/ a) and’the distortion characteristic of the projection optical system

3 shoul (wawelength e6248mm) drE sxeimer laserdwayelength of E¥rmme)asdhadasay | ocal

di stort I . i v, distortion in
Fl G sAWBRBR Y [P gt ieior AR GRCe Bl IR G IR 50011 mow e
gi ven of t heThedfagsbfthe phitean pf tieandsted detickpRiSintke dlpidatlibnareais FI G 12 is a
scanni ng exposure type, such as the step and scan systea and a so-called
skew erfroiectgmhpetn thdistage of 2 substatg difar the gvosking retigle 39t p medustieaf Hy? t he

br ok | i to. b . | | el epj.ped ti i l,indicated by th

sol 1 I(Ffe F dniichd qrind W Vi oRBhat PRt Rt £ PR BSee 18 or o) cction

. D | ¢ oot |

| mage SpmPRREn b SuEsdREyt dit lass B ihe kL, i M Ol o, e g 31

i s def aschoymiwntdr magpteaumtsilidides isi fdeadd omupatedOaredS Gne BG4 on its] ockwi se
ith t to.the Y,.axi th i th i L t he.. i dj ti .

This | Suliceerpdibedpnaliernon ikt anif o clngel P eRERT PR Skt i s when

the scamnfgdsaidﬁbr AfgnRAt PE fermieAsbGh & ShAuvahaRis paldth bftd 25C Aptotetesditr ection of
a substrate to be exposed, and, for exanple, a partial inmage 3la at the

per i pheg adatgshen the surddcetch éhexyubpteate # dmsuchigeay®s to oventhemaskynatéridlt bd by 8 X1

ot or e Toob it Pl % BRE b Pyl BERprcAPbt R SeROBoRBal ™2 o5 i ng

to thi soptiehIGeétsmIB, thedX AkiBjiepiraltd] tetheeta® oipeshadtes FIG. 2 inahsplage and scan
type which has the Y direction as the scanning direction is used as the

pr oj ectpeopendicplas tor the Zaxay ndube WAxis perpardicylan to yhesusfpescofshe sheer efduced
imagesn@b ?he parent patterns of the master reticles RLto RNin FIG 4. At
the ti of" exposing a reduced i nage Pl 21 of the parent pattern of a nmaster
reticle R21 corresponding to the 2 1 JUN 2002 30 partial imge 3la in
FIG 6A, for exanple, the imge form ng characteristic is so corrected as
to cancel out the anount of the lateral deviation d X1 and an error in
angle ~ .




The | ayout 32 indicated by the broken lines in FIG 6B indicates tZﬁ UN 2007
desi gned | ayout of the shot areas on the substrate 4, and it is as n‘eci\l
that the reduced i mage Pl 21 of the parent pattern is projected on a

desi gned shot area S21 corresponding to the partial inmage 30a in FIG 6A
In this case, as the anount of the [l eral deviation when the shot area S21
is projected in reduction to 1/ Q by the projection optical systemis 8 X1,
the amount gfrs R rBfAS sthPposiGoris Mhd faast&yreﬁé]@m Memoﬁ%tmuemwp@dnesyst emin
the case that the exposure p05|t| on of the reduced i mage Pl 21 has

previ ou%boyetiwanasttmrtm«édeyre%cﬁEdwllghmcm§p@©ts 14\ andel @nlya14éa18521 becones -

8 X2/ S.Si atesfr e i d

Ther ef Oc’k‘%‘gm th c?bia’ht‘ihg‘ﬁ‘ﬁ”u“g e Olf&nielr‘l%\?fpg%g tﬁ‘elpgﬁlg"p VI ation 8 X
Wit h t hegcl@stmedd isGhedstied BY Sinbt- pmatraté@m&atmteﬂerbﬁﬁmcaépcfraidnmhe 8X2/ 3
=-8X1 (4) Fromthis eqlkjéitl on (4), the anmount of positional deviation b X2
beconedetiflestaged is copire mrb&xm mepsusd value, thgetention sesults ptheeduced i mage
Pl 21 i { the Y axis
by shi PRESBEH B oA AR ora QU iRl Ot SFRASRAE 8L 1% o1 The

subst r athe smbstrhtetzhs halziamm ng-itlistracdisabstiac Hudder bg a Yacliuag ahd eis subiskesrei se, for
the ot her, shot areas, the exposure, positjons of the correspondl ngi reduced

i mages haldsr isgixed onasamplertatly 5éh‘hi¢*h§é°‘ﬂ’é?"(ﬂ%éﬂ§9f $438¢$n gihe sample table

count er. t [y cancels out
t he skequiJ gﬁg%§ﬁ%ld&tﬁe§s§8§gﬁ%§%ﬁ%ﬁt é‘%gggﬁfactg%gﬁg ‘ggét;t?ﬁbd@% lé%(posed The
scanni rsmmﬁdmmatramipgthufosusmmibntmc pesition albeg ﬂlﬁopem-xﬁme)(bfrmgm fication

error efo mat j.on. and f i.s dis or. exa

Tapane SLEE £ b slifaich Saghy B ulprtSoef bifeni e X istash oS TgBa 0300,
Japanesg sdipitable S sitsktiaiRt4) AP e X diréceibn afrd thely Bedetibk o4 b BAseDby, for07991, and
their correspondi ng U S~ Patent Application No. 08/ 233319 (f|¥ed on Apri l
26, 1994}‘3m@lﬁdlﬂ¢?éfm°§lﬂswﬁmes in those r~"ublications and the U.S. patent
application r t he present
description @ME&{;A&Q%QQ ‘?té:Sgrgi}x‘r%][eﬁngéQ%u&E%%%é;ﬁ@g??%rﬁ?le %ﬁé I{he country
speci f imedsured Byeh amtvmg mirrdr anflxadtoarthatopmﬁ die sample tabit Sand a[lﬁecond

Enbodi ne @%‘)é A se rrbodl neg% of s i nve W | be descrl bed
with ré&ft ﬂ'@@"’f PPB?Neé §0gan %%ﬁ%&%éﬁiﬁﬁﬁﬁ%’ §2st98fG 7 is a
di agr apatdl 'dﬁsttérﬁltlnflﬂd ﬂf&ﬂé&ﬁfcbﬂtfbl%}ﬁaﬁ of qlhcihdﬁ)h%trﬁm bnﬁ§‘é%ﬁkrﬂl§kcﬁﬁ’ t he

second enbodi nent of this invention. In 7, as in FIG 1, a photonask
to be BTRSORWHE METOHIMKNNKhe & qxestqnéwenmng mtton 8mY) sn theaY axiseastshpwnof

act ual I ment

i 1 or 4 I TRE ok Bt S A0Skl BB} dfY R R o HRfke ST

gr eat enf the2XY 2pagobd basedtoarthe measnreslsvahies pad the tcomtes Iinfoanmanfapnt}&dnand t hose
plural setg of ster reticles Ri, Q... are used to produce the working
reticl BPISYYRPS 7 as in FIG 1, first, the circuit pattern 35 is

magni fi ed byn thks éﬁxﬁ;ﬂ’é R shéIE1iRE kéilicl%alibrﬁ?tlt')% RPcadd bmt: réme fageeLhagoul ar area
whose perpendi cul ar "si des have widths of a dX and Q dY, on inmage data and

t hen t lee mastgiretiglesRt.tRed n-» RN a16 plagethpr Nesyppgrt glateg 17 arpngeRdn pherretigle pat t er n
36 th h f
20 o pHRg 16 L SALARINE 2uipleh, AGREmRSLRERILRY AR afTROR Battef| 0, 3

par ent rrmakst)enmﬂuﬂilthelﬂﬁtcnfﬁhttems Pl teIRN idgmcﬁted}mnﬂhel phremsattpAy 36 patt erns P
(i = are transferr din&augg nag(gjflcatlon on the naster reticles
R as tFF@ lf?rPﬁSP%@i"ebf ormes - Bt retiete MBraryrffois 5 supported a3 1o ke mpvable ithe same as

that S*ﬁ%"@dir&[g)ﬁh‘ﬁg alslidé Bg‘:’i‘ f18 d Ustie ioQ&er"@'Ha?m?%%gﬂ?ot&Qﬁle% ent patterns
: gnented from the parent pattePn 36 agalin, the parent
pat t er mpovEble am eptqdamsmmed eahge i theg Zadirectigmisfloaatedi betweasn tlhthmtlniastagc 2reticles

Second Beegraigipary o Tl BaRGenf emF cHRLEdr BRERSRY By ot

pat t er RfeMdf\Nting e Pd3RioRWEBRSRHAE 1iBiafy 16ithOR dirbQToANGA 1 slife tum $8,
enbodi nent, - as apparent fromthe above, the anpunt of each wite data for

each ofit qoheolp aheopergiomtaf thesrefiyle émademw sOSthat@orl;éwi mystetireticle R1 taRN as

conpar ed hat, fqr the i att 2 d’p mI| e W dth
is atiS ﬂ’éém @Wﬁtﬁ%%@ﬁtﬁ‘ﬁ&% BﬁzRg‘Pc ‘}at'ﬁetﬁ]?t ©Mehat each
parent [pgf¢.ef, theRlth ofiste? 2licReERViithd enclbmlb?arﬁtl@rstpm@ﬂ bR theaktiéle magemd with a
hi gh precision. Further, after master reticles Rl to RN and Ql'to QN are
produced, the working ret| cles 34 can be produced by repeatedly using them
so that the time for producing the naster reticles R1 to RNand QI to QN
is not a heav y burden. That is, the working reticle 34 is produced by

transferring the reduced images Pli (i =1 to N), which are 1/ cx tines the
parent patterns P| of the flrst set of Nmaster retlcles Rl on t he

. Y . o N I T

Dot o




2 ~ ~uw 2002 32 Ai of the second set of N nmaster reticles Q, on the
substrate 4 in an overl appi ng manner while perform ng screen l'nkaQQ'IJUNZMZ
(stitching exposure). In the second enbodi nent too, the reduction

proj ection exposure apparatus shown in FIG 2 is used at the tine of
produci ng the working reticle 34 and2the i-th (i =1 to N) nmaster reticle

Ri inthe first set is placed on the reticle stage 2. Further, the first

set of nmster &”ﬁ laéérgt é?ﬂ&’nrr f cles Ql to
N are pl ace ornﬁ&g ?Bg%%?’fmgp‘ IIll;ﬁsségltqjent %ﬁft 12 S §%€¥n aFﬁédtche Z

di r ect i aliskidrivejia whith axi explosntre datg fil6isatuded. Recosteid di rhclecxpmbarc d#ta fikkase
operation is controlled b mai n control. em 9 erfor a xchange
~of a des‘F"r@H “Nd&séwnﬁletela&%% ?galt%mﬁﬂf n &f{'ﬂé%‘é refigles ggé?ﬂég support
plate 17p4Hath BPiHeGike Ol fofmi chafk &haas%tf fdj&1idh fA&ge3 (profectiéy S case,

it is neagd aess tg say t ﬂlta Fﬂe rru;rt%ua gosltll ong Jrel atlggn air’mjr% the master
reticl eppttal syste@y afitbe p:toj@nnmn:tposmtcdpmatuewhtchelsmhe wogkingretickddelbe n t he
menory unldt 41],l %ﬁst he |n control system9. At the tine of exposing the
subst r atPEORCFHN §X%IHB di nent, the reduced i mages of the first set of

master reticlgshdtmé of %&fn@tl@@ﬁ&ﬁﬁcHhﬁxih&rﬁtﬁﬂﬁﬁ&ithﬂl@ensd&%s@é 6Bthe ON the
substrate 4 by the step and repeat_system then the reduced inmages of the

second geduced imags of therfirst raasser reicle B1 app é{tceflfél@@'s%? ofntheisebstrigiest iSate 4 in an
overl ap n C appar at us of
a scann:%hlg}gl&[(ga b{sﬁgr ex‘tqh()[;ﬁgg éﬁtheguéﬁg%ﬁ fé’p an s@gtﬁkg&u?%?n&srr%{/ﬁ be used

| nst ead pedjedtion opticdl Isystan quuhestéymeveﬂém ofithe g0Yretape Genganalkeinesthissn i n Fl GS.

2 and 3 is used for |S|on reen i nkage (stitchin ure) not
only andifycmee: m&a f?tffz‘bé ogth °t’ﬁ ’Srré't“?@pé% the reticle &N“Eﬁfgal SO
among t ke ke Fgﬁ%ﬁqoédé?gg an@fhelneRt m&&&a&kz% @étr&?ﬂsfér&d@blaééﬂ dihthé

alignnent, two crossshaped alignnent nmarks forned on the master reticle Q
are usedeticls staget2Hgomaberetitledibearyd6 viarthe eeticlelleader 19. Bl/'hmx piterialignmerd of educed

ot ot ol R ko Beee Rippa b sk imbmely st b D Be B “Subst r e
4 in or dasgedfithe Wagter reticle R2ds pRjectodr@a expised irnthkY sNovdred biethenndbstiacknl  par ent
patterns, P% to.PN (N = 25 in Fl 8 e exposed usi n stitchi exposure
t echni q& %Ptoeceap PRYiGHS Systm écﬁeﬁﬁeﬁﬁa@'@ugﬁdﬂm&w frthemaster rpwﬁgfes of
their agpRNeRR lepﬁ’ktr&ﬁﬁﬁmgsrcﬁk‘ém 4ot befa orfrhe suljt%trla:dcq odAfte N€ 1 mage
that is obtained b onnecting the reduced inmages PIl to PIN together is a
proj ectahetheribydhestep mdvepedt systemhe par ent pattern 36 in FIG 7 reduced to

1/ cx . Ther d i mages
to AN o?ﬁ{hhgé}bg'%)ﬁ?g&&?'tgb %#p?ﬂ H%l\ft'gfé the stte%l nga cetgéje’ﬁl mast er
ret | cl egedittiéroprofsction Exgosuré appz&atexpmmnmngex;bammybmw bsatheed:paadl i mages
Pll1 to PINin FIG 8A as V\@_BIHF|(3.8 ~~ur~200233LnFIG 8B,
the i mageAnsygiem; @ay&ﬂ%ﬂe&tqﬁg ﬁf»reetmsgxmerertmehrpmes%mt fo AIN
t oget hery sy l'éttEE"ﬂﬂﬁQh@StBE@it@S h?éaubﬁagaagﬁﬂcmh%d with Pe% fRIeME pattern 36
in FIG 7 reduced to ) he photoresist on t esubstrate4|s
devel ope@tjecsiod ogtxaﬂtsyﬁgctaﬁcat depanca@ﬂ exposyre.t Apwill hedistussaddaten tiirnisrag r esi st

pattern are .carried out 0 at t Q nrd .26P nd 26A on the
Dbt 1 acave iR bieh anfitfor (kew et ot BF LRE WS isHard AR ASRiE Rp SRl Y, S

conpl et itg\ebriddecanteldofi@cted by eHecusd 4f a kdanhing @spesitd tgpe E)Q)oﬂiregglﬁkiathile al i gnment
mar ks 24A and 24B on the substrate 4 in advance In this enbodinent too. In

this case, attthetimpthe rsugsdimagesioftherarstre rstifesibin il arepxpesed opdbent
attern £k M ks (e.g., the

gl i gnme% &f"a{re%hﬁé)g&dg g‘%@% 55“)?3 Scr%&q"{r?%t @flgélgg?s wlgﬁx{ay bt(a rgduced

and tr andjottingrtdutdddmages \tvitbamghfprtdmoﬂ dTcedd so, itig) aecesdaryt toanakerths may be

detected at the _tine of trans e [ he, reduced i es, of the. parent
patter n§‘5‘fm%{’rﬁ056‘}°5‘|‘ﬂ?ﬁ‘\'§rﬁ%‘f t eﬁ%c*)ewma COHESPOR gtsléqtafﬁ?s(g’t) %ns of the
reduced tt reticle may
be corredg{% t%%tv{lﬂlea ‘ggﬁgg%c}sgﬁl rfg)gli}ﬁ ? 55li H:légt g}?s‘?}?jlég{t&oﬁtgﬁgéshot area on
t he subsippastes df thiserxamipheeis peahideddvitnaryaignmentwpechenismflar eticlepaed en is to be
transferred may be determ ned using both the alignnent marks 24A and 24B
and t he SPbxRlg i mges of the aforenentioned marks. Exactly as in the
above- descri lgg, ﬁlsﬂo%ts ae*angmﬂamnecmrﬁ rmatclés%@dr F't@fhﬂ SabodimeCqui r ed
by detecting the [atent inages of marks in each of | east two shot areas
where the reduced i mages of the parent patterns have been transferred may
be subjected to an averagi ng process or a statistic process to determ ne
the position of the shot area on the substrate 4 where the reduced i mage of
t he next parent pattern should be transferred. In this exanple, one shot
area on t he substrate 4 IS doubl e- exposed by us| ng two sets of master

. o o~ Y o o Y




34 exposure anount), for exanple, an anpunt of exposure that exceeds the
target value (half of the proper exposure anount) should be inpartegqt Nt
substrate 4 by the second exposure. \Wen, for exanple, dense patterns and

i solated patterns are forned on the original pattern 27 in FIG 7, the
exposure conditions, i.e., the shap2land size of the aperture stop in the
illumnation optical system 1, the coherence factor ( Q value) and the

nuner i pIGaR el thdhsHiLiontt 4R Pt meRbeCR is §é6§¥c‘ar3n3th9§arﬂﬂ§@%abickﬁe my be

. . fefen ;
optimzed in accordance%th the parent pattern Al not onl or the master

reti cl mghdlicingy Bthesubsitageod it a paisofirgfesennmmiaks 18Atand|18B@f, fon t he naster
reticles to .. To optimze the exposure condi tijons redet erm ned
opt | Cal APy & Fropiysl a5 ToBE o e Fe{Erens Taskay e 1A 8bt PEdeB REhovad fr om
the vigtepial ¥o B X difechBR ProRiRRBat Gk rl\)bg&nléfﬁieQEfefeﬂ& RBfksA3A aad98BM 3, or a

so-cal | ed progressive focusing nethod (flex method) which vibrates the
i mage 3¢ dlvnipdtionsystpms whach idnminste the referpracanarks ki anh BB towasdheof t he

it e L T RN I S U Y s R e ey

par entligheHk Aedt €t dfatipidg thel makar@itiPR], R Bfrénd€ Mhafks 18aNindqBBhol es, it
woul d be better to enploy the so-called progressive focusing nmethod which

noves afBositaRd dsichaway thatghe cantias ehbihe seferensei marks 13Aand iR euthe opti cal
t f i S..bai . i 8% - . . O,

I o e R R U G e R L R T

fi |t ersystinGhasishown iR @ yndrivigg the (XY stpgeaim KIG. Rhe proj ecti on opti cal

system and .shields the illym natian_|ight that passes circul gr area about
Che opt i cal TR lignment marks 21X and 21 B0 & b shage ap Gas Siampll 476 AR 01 ho a

val ue ffto sdn@widhl tHepatédrh @ita 200 Bl paftihisBTdE BoRin SiftfackPofahOmbster 1 to 0.4 and
t he af orenenti oned progressive focusing nethod ﬂﬁg be used together. Wth

r egar detidde RheTheadistance betweandhe rgfererceaparksl 3 andbkabsis setsappeoximatplyt ed to a
;{Rd(ﬁrlBt he |i ke, but

sk, AT e Bbeudch WSl Bt BBl pEOMAYRIOR R 1T

may be ase-shi masks o equency no
( Shi buganddebsethe projécyipn bpticud sptae 32 Widnhe ogntéry petha Refeenbemarks 0B& type. |In

t he spat,i frequen nmpdul ati on type_and t he edge enhanci ng type,
parti a&f*ésby'fﬁarfmai&ﬁéwtg ihe amsical A a8 meationed o fhegelersacy At shi el di ng
pat t erfergbert10gs MMalindstPRbMmahEbothn §iB&vith i NEHAERLE li%lgthg tRALARt mask for

the position shifter should be prepared separately. escri bed above, the
or i gi nedvelsagthes thap obtheterpospiy light §L pethe prajection jopticah systesmBogithant i s f orned

by perfarm | i J f par ent

it { or il Wi ir RPRIGGCE HRRY LA B 1316 BEBEREBRRSY Bugl'S, 171 1T
case, gafdarmedin the Vicinily dfihealdmmeasintrke 21Arnd 23B of tieimastevpaticleRi, he |1 ne

wi dth, etc. ich are produced at the time of witing the parent patterns
of thdS¥eHR¥tYer reticles differ between those two sets of master reticles.
Therefore, Maph 2284588298 fordbnéding HRGHGMthatiBRAEH Rim EHEeprtB]@étﬁiﬂt patterns of
those two sets of master reticles averages and reduces pattern position

er r or \ypticarsystemnGrin thernHX dizeatiodtare araigeabatiove thosodlignment matks @l Aping syst em f or
master_reticles, It is therefore possible to formthe original pattern 27
of t hetlRondithgaligament sensors 14 Aand 1ABof an ipage processpatyPe A% PIOWER 1 adr i ng

char ac itk : ) ot 1 : J i appar at us
hat - uoES (bFICThe RAic) M 1o B R el R B A o oo o
posi t i 22A arsl 228 eFheel dlignmkntf seesbrs A hrd MBieachdiavoan iamage fdrening siisteect i on from
the original shot .area Si i.n such. a as cancel.out the distortion or
the | 1108 “dpordmeasichial Bratsnighep R HisSoNe? 1RictD o RAtD e meERP BRIt pat t er
Al N0t deQtky picR up tEInHRed 6Xthé Sligrmedt Marka Wi Aadnd@1BAnd theiniiBed sirme eticle Q.
Further, the projection magnification, the distortion characteristics and
so f orcorresponding referepos methsdldA andd3Bdind dhe/imagp pickupsigoals ke supplisditel e 4 i s
used, an jmage cl oge to an ideal 5i.rr?_@§45 exposed, thus inproving the
over | & PieBRFLy sigpalpropessmg;system ASIRFIG 2. o 4 skew error which is produced by

a proj ect i omheafipAfehsigitb probditgQystamsisqRrionak @b pfaceRingRif e addr essed by
deforming the pattern Image of each master reticle "~ in _such a manner as

t o caniowge pigkup signalk lacapire theamaunts of pagitierfal dsspeiong gf thealigemensr n | nage of

emboa A 215a oo i e KR b T B ekiohefRelhyfihas oy 'Tnose:

master reticles on which cyclic dense patterns or the |like are forned may
be phase-shifting reticles.




Al t hough the sane parent patterns are forned on the two sets of nmaster
reticles RL to RN and QL to QN and the i mages of the parent patternd!atN 2002
those two sets are exposed in an overl appi ng manner in the sane shot area
on the substrate 4 in this enbodinent, the parent pattern 36 in FIG 7 may
be divided into two sets of parent Eterns with different |ayouts

(segnent ati on boundaries), and the reduced i mages of those two sets of

par ent. REtck LS s PFA BXPRAE n® thobdIEnSURNIIIRE Sndhntdoftfle QGIAAPPI NG maNNET
In this case, If the first set of parent patterns in thoSe two sets are N
par ent deaiatiensrase RipplitdtoRrh&imain deinGol Fstet® Theduaiedontralgeste®37 t o PI N of

those parent patterns are exposed as the projection ina 26P whi | e bei ng
connectROgUP _ FFFé’tCIq fhagerfan Su¢h 2 WAY g&“é‘i‘eﬁ‘ggé‘ﬁé ?ﬁée amgugts gf@e‘ppmggnabl hown in
FI G I f9'%evi'a@iods%c&&npﬁlﬁ'ﬂ%ﬁig?lhe\é?éﬁ%théﬁﬂ& £l \ﬁthigﬁr&i@f&}‘}ﬁingﬁa e where N =

25. the second set o ural parent patterns are patterns obtained by
segnentrespectiviely. JThissransgsdbe dignm@6t markFRGA and 21 B ahdthvs thierpacdnt pattdrn Bent er

iti h t t P1 t . 2.1 . JUN 2002 36.PN d i
203t o BB aB0 D Bl RRLATSBe Bhbrreiof e haRRed BuBlb e | oo
pr oj ectthmfarémgglazﬁs&ypwimpi ng the reduced images PIl to PI25 in FIG 9A

inthe Y direction as shown in.FIG 9B. At this tinme, as shown in FIG 9C
t he reduced It pigewerds, thh seiersd theaieducgd dmageqexpasuteicepten) ofthecpagant t he r educed

i mage P ' . t he reduced

i mage IBF “gﬁg"m%&é{%? ﬁ%ﬁﬁl lyqﬁ%gﬁiég%ﬁggﬁﬁ?ﬁgtgkﬁ %fosngéﬁnéﬁhgt retches over
t he r egosidonedriagrescehiel betwderPiht Qefareticd iarks 13A aad 3B {neaatlyekecdptiehl dxfie pat t erns
of the reduced inmages Pl1 and Pl 10 are exposed on the reduced inmage PlI1 in

FI G 9AX)qndth perpendicular gides plfhe coptpyr of the pagent gafireR i (theepptair pdtkas ¢ he
sane pg:ta&é?ﬂ Bred20j &8 sktﬁﬂa}alﬂﬂofthé’ﬁ( xCarfdGR 9 Gdis! 2ubdy.Ounld thifose patterns
are al so exposed in an overlappi ng nanner. Execution of such exposure not
only awvi#watigasthe main/gontiobsystenpy irbEIGhn2amemarizes theXecoardipatetand Ye subj ected to

mufti-expqsu tval aver a t i.storti f. the projection optical
oyst em T Rp Y TR R R EERE Rt Ayl o RHE R 00 e W RBIBRELRT 8 R e 1
i s thennfsebmpRAag tHe fighmeht cfild MastéraeticleRi.i Thgessten) fan afitrrg pofit opat t er ns
onto the substrate 4 with a hit%her precision, That is, as shown in FIG 10A

in an degmBledelly Sveap be mavad 1q the gEpesprsicspier ofthe areRfRattemdy- by arrows DRL
occurs int i 1 heali kn FIG 2,
when an i rra??%?gﬁﬁlaa 6Z‘gf'fﬁt&rw;ns fé&?)?igﬁ&%@r@ﬁkssﬁ%'t hés ?ﬁ)bg{?t%%’g FR t her eof
and an akissmpele whitihdsidaef the projectian optical systeny PLiso dejedt ke positionkiaf maltks ar e

conbi ned (nul t.i exposed),.as in an i e SAin FLG, 10B, the total distortion
O 0 ga i B R O R idnenl s ey B mitares 2 b Seo R Mk wifeo: . “ror ther
becaus gllinhigatiedipht of £ vidd band dolehithiaphoiesBt & dob pldtasensitivetpitksapelie t he

Y-directional boundary of the first set of reduced imges PI1 to PI25, the
| i nkagdmage o the 1-herdetaeted mark it two-dimensiopal waswclsméﬁawn@cbﬁs ®ct .

Al t hou : o : £

Vi r ot e Sl Subilics i AR BNl A Bn SRR B PrRb s i1 ¢ e
above- dystam i e Thediatapte(basclinesmvmmt) betreeonfthaxiatestion pertteranfithe atigpmset separ at ed
at the X-directional center of the first set of rent patterpns. Further,
Che. sectmsonts s B8 fenyial € mfiectihinask ot 18 Pausin R Rersitrnnst R  of 't he
first of\ire Bét€) hagtsdeh A6quiret fin AdvAnee bY skl 4 FrodelérehihdtPrederétice @k on. I n
this czg‘tep, i? themfi rst ngmof arent lf)!,'ats)t(:mgr n@eare tlhe Sarrer?t pattern 36
segmentod dhg refegerice mark membend L endsiered inctha maip eamtrohsystem 9.7, he reduced

i mages Pl t . LSt s f = tferns are
exposed as {ﬁéﬁ%‘%ﬁjﬂgg{éﬁ?ﬁﬂ{er%%éghggger\f/}mr?%gs %‘g} %@@%ﬂégﬁrg‘egﬁ?gﬁt e pattern
area 2Tri38shape arefofrhéddrethé ead podtionsiof the Bubstrate KAn thelie diradiionr Aftegcheced i mages

Cll1 to Cl25 of the second set. of 25 parent. patterns, are exposed as a

proj ectligmenigftheapaster reticle Bijg completesty thel Y staged fiflriven te sqauentiayt he pattern
area 2 ' Bes 23 i44 he
segmn%ﬂggﬁl&g@%@tggaq%ﬁleﬂgg@oﬁ?é%ﬂhg?E%{aﬁFcenlrtlgnapast t )el\raz@ %4? t 1elI!:X di rection
and t haubétdierdeintFIGN3 tdvihs demytiort drea Of thi aljgnneemt sansorni 33 inAGX2 did thet i on and t he

Y direction of a.final projection jnage is redquc y the averaging effect.
I n any a&@&ﬂ‘ﬁl"@?"%‘“@*‘idﬁgé‘i&’ép} FhflfFécfﬂ e@?gﬁslsgﬁsﬂégﬁéﬁl%q ﬁig{‘@& Yo two, but
three qf,dDsen My 4§Wh%s§9§%ﬂfemaeﬁ9@c rlolf B¢ AMghmbil sBfksof P8 e OF more
sets of nmaster reticles. escription w now bé given of one exanple of
the operation in the case where exposure is perforned by using the working
reticle 34 in FIG 1 or FIG 7 that is produced in the above-descri bed
manner .




FIG 12 shows the essential portions of a reduction projection exposure
apparatus to which the working reticle 34 is nounted. In FIG 12, 2 IwiieMiIw
is placed at the bottomof the working reticle 34, held on the
not-illustrated reticle stage via the proj ection optical system 42 having
a reduction magnification 1/ ~i ( Qb®ing 5 or 4 or the like). A
photoresist is applied on the surface of the wafer Wand its surface is so

hel d as A i t i i ical system
42, ThomCarRR. [t Bositibd B 48 Sun FRAPLEY AR Pupt o BAERIGEL RAR BN, Y e or
hol der &3Blaridthe siignmhent traktsc24A3and248cis detected by theatignierst tsegger 23lis The wafer W
i's positioned, by dlri vi.ng .t he XY shgge 44 based on .t he cooi',d(ldnat es that are
measur eBeRyreRRYithilassriptgreromsiar 8, 1H0semeasulsReat st 56s0PRlig9ItRe 43 and a
corresp [ [ Ha(zeeelcTs whi ch
refer en@gﬁrrcg?lﬁ(g%gg&gr?a %ng{ggscraﬁ %e;%asu{egieﬁ {ﬁgﬂgéﬁ% (la sarrplogﬂ?aé e 3, and
al i gnme(XPos¥PRg of thesamplertdbld HBvlienrtheadanten wéthe referened matkek3AgdBl ai d above t he
al i gnnent, rks,.24A and,. 24B that are so forned, as to sandw ch e pattern
area 25°%fc %&'%P%Fﬂﬁcq"é’t‘ieﬁ%oé‘ﬁe plgnment %"a?f;j?éc“l’ﬁddg? Cqon ‘P?sts(’{é]lse t 0o, the
wor ki ngypglok fleRample! table 51 veiadhd\behler bh e aBBRh &Nt lndlek 244 24P cdifdidhg t he
reference marks 47 and 47B, the alignment "marks 24A and 24B and the

al i gnmewith thedletgeiomaentes of theaignment senson 23 Hiis 6ompletes pheraligamgnisnfithe
thereaf;u%gt t@ki gnnent of individual shot areas 48 on the wafer Wis carried
out using e not-illustrated ali gnment sensor for the wafer (e.g., the

al i gnment seAsofesuls, the R-dirbctioil bed Ytdicihiodisanes dethkenthetdenterofthe Wt o be
exposed are sequentij al lﬁ/@%ﬂﬁi tioned to the exposure gosi tion, the pattern

area 25reksrenchmagp s ¢ eenter of thejalignmentiraark wf fn24lkecomsd&Bea | ght
ILI, s t i I e : } |yl : Jol i nation
opt i carﬁgﬂ’/:{?gm%f ':@5 yagkgggé‘ﬂggg@@néggb%@vmvﬁﬁw 21%? %éscg%(?g} nal

pat t er nXRy7 YiPa - iIPg) with respect &0 the cosrdinates (XHo, (YFo ) 6f the samipie table Satdhe ar ea 48.

After the reduced jnmage of .the.original pattern.is exposed.ip each shot
area or PRt SUERIE e TAStefeucle R the Sonfet bebisn thealigmealmadh 2 arE, W s
devel opmIB Giile subidtrares@Ehe Genfel ofthe Shlssiraftdl) chrs bemartéEwith S deht the circuit
pattern of a certain layer in a sem conductor device is formed in each shot

area orbehrenRE Rejepiion HBages (RIGPIUSHCGRIE) elcthe alienment Barks 2 A2l BLtshown i n
FIG:Ll : Sy e i whi ch
et oct e ERNEHR R TEVAH 4 igh BRORIATES oRnTh FRG 41 B Boving Y X X o
sel ect eid FIGaino rhove the sample tabde HinthalX direction sirbthe & disstiomfromahisafagy, W by
means of .t he respecti.ve alignne sensors_and det.erm nes the osure
boot ¢ i anefedfssaRRRS Pl g% o et patest PLRAE pRSEH AR Py Rt v ng o
st ati stdesirgtl posRivh with febgecpsthé cénbérlonithé ubsmatedn of those marks. The EGA
systemis disclosed in, for exanple, Japanese Unexam ned_Pat ent

Appl i cat i on, That issFlGphsibows thegrgdugdion prajectionof Hizparant pattsm Bigidheiity u. s.
Patent  fogerttRIORT on ﬁ:@guﬁﬁﬁt@d vl ]%Etiéx{‘%ﬁd&hﬁs 9&'&'3.%}#18“4,49@' the US,
patent are incorporated herein lby ersrence as A part of thée present
descr i pectamguldrtphitern\aieat25 sirpendedibysitieb paralie td theeX axis ahdithe Yo hxis ivithcount ry

specified or selected in this internati | appligation. reduction

pr o] ectlgﬁ)ﬁc“é? GEYfeR ﬂ%“&l"ﬂ%m@ffks2496“3?:‘%ﬁd’nég‘gﬁgéf%of@ﬁé‘ﬁ’sgﬁt@% as the step
and scagifptié ehter T8 imAlSndtH ¢ Set 3 the eail b trd? Systédn 9 TRO SidE 6f MRPattah us for
exposing the working reticle 34. [Third Enbodi nent) A third enbodi ment of

t hi s i raremn23 igthenditd ofitheparentdattemi 36cd Fii+ hredudedrte 1L@, the patternata@ipanyi ng
drawi ngs. FIG 13 is an explanatory diagramof a nethod of producing a

phot omesRall-@igided igo t® segpenthinegchupiibe Pﬁ@rﬁcn% andhthe Y, djgesHen@Ad shot shown i n

et ol oL, 98T nn SRR Do e e R eislioa e AL g

cqul val b S oot RNt e atieh el B S BrenBRGHL"C, i o
pat t er npi vatiedl the partiitganem\36vibiFRIG. b posjecedinvadtion®iak farfek amplosth g

transferred onto the wafer is formed in the original pattern. Further, the
wor ki ngPrPisetion erticalrsystipm3 BYFIGafs exanpl e are used in reduction projection

of 1/ /3 vi r:0f rgﬂri i ; : jeGitl i jon
exposure apgxgrha ltjh% lglsaglf\)ierdr tl %*a??trlsgﬁgﬁﬁgkgﬁ%ﬁgﬁbgga eggrtlttlés)ﬁ.rgil'ﬁgddmr ki ng
reticle WRin this exanple is produced by formng a thin filmof a mask
material on a predeterm ned substrate, applying a photoresist, then
transferring optical images of equal magnification or reduced i mages of a
plurality of circuit pattern 2 1 JUN 2002 39 units selected fromthe
pattern areas of first and second master reticles MRL and MR2 as parent
masks shown in FIG 13A and FIG 13B in a predeterm ned |layout. That is,

Y T N Y o, o o o - o Y




(Central Processing Unit), a circuit pattern unit Pb equivalent to f? ﬁEAb\/I
(Stati c Random Access Menory), a circuit pattern unit Pc equival ent 0J 02
menory access controller and other circuit pattern units Pd and Pe as one
exanpl e of a sem conductor |arge-scale integrated circuit (LSI) are fornmed
in the pattern area of the first magéer reticle MRL. Those circuit pattern
units are separated fromone another by a light-shielding filmSA and a
pair Ofexﬁdsh&%gsﬂﬁtuMak fsethe @&%%@tx@l& 86 8Pthi¥mBiment iPideAN@Wnfdh t he
pattern area shown in FIG a circult pattern unit Pf equivalent to
a ROM (chetend s@tény 9 deives thy X236 stage 6 Bl F1Ga 2 ¢0 metohtthgcentes ofithgnith sy aeequi val ent to

a DRAM_( am Rando ccess Menor and,circuit na rn units Ph, Pi and
B oquiSy o B ubera " it Y pSsute periar of R 1Saef htde I L Rk RD gt s o
NOR g a;p@t&rﬂ PV bi'fle H¥¥RarkdRd inidter E&fc[é‘ % thé H&Bv%,deé’érﬁ)eﬁ Qh@iﬁﬂeﬂt NThéYeafdt t ern

area o he second master reticle formed in"the pattern area of
t he nadshegnain sontral systeee 9estaetsann$srmftthqmpp@m lighti spurpe imthie dlilumiastiones an

becomeoPic Bl Fin fC RS ehibet leubafef B e en BRGR LB Il Pt er
units afee Sse@ﬂreat:MraiemanmIe. ahé fvancdayinﬂgés «flthe pdaért Ipditéifs alidaly SA, and a

pair of alignnment marks RAlI and RA2 are so forned as to sandw ch the

pat t er AXrgsedhin the,patiernares 4é on ther substrade fppre ipgicates by solid lings gk pattern areas

of the ¥ and FI G 13D represent inmages
of the }é\éﬂ{péie:atqe&&te{i %ﬁ%ﬁtlnw%diﬁ*ﬁo& ﬁ&@ in the master reticles MRL and
MR2 in FI G As3ke mduteﬂllﬁagck%thummpattrmﬂatormgnf the dbnbsser reficld Rh ( a bei ng

1, anl reater th or a half .integer i ke reater than 1).

2 i o kIR A Rresed e isafouasho stegs OF o Slvonithy wpsF it or ¢ nan 1

such_agfié an6ther in@he dbdve Mahn&rafhe reduldéd ﬁﬁgﬁﬁéﬂﬁe Rlivifiial pilent patterns P1F! G 13C

and FIG 13D are the reduced’ images of the circuit pattern units Pb, Pf,

Pj, ..to PN ar exposedasiagstifching expesure techmique vebilersresn linkagetvaith thee of produci ng

mul t | | t C s ASI Cs or
m}%égged%ﬁﬂgésrﬁ% t#l gcggsﬂmﬁ pardit ﬁﬂ%gr[s i€ Beihy aﬁ'f&ﬁm\éh AR rﬁH{‘gi}Z? T TON 2002 40

syste gl na terns ar e

Ci rcui propstib@t cczfs wmgsistﬁe dréRt pattérd 36fih BTG yre@cdeo 1£@ peeipoved oh desi gned
on i mage dat a) a plurality of circuit blocks which are conprised of
conmon theavbstratest. aﬂvneaphtagxeeldt dry thersuelistrate 4is developedgindgitching andr ns, and after

pat  or KRR BT o Bibipiad e eptegbloreh VREERe RN BEL o0 b RRTeb 7O

patt er imagei26%nfthe §xfbslMe arbecmmhmeﬂgnhﬂ paterm 27 shawginBIG. p2fthey ns (second
original patterns) of the master reticles MRL and MR2 in FIG 13A and FIG
13B on°omelgdngthe Workipg Feticle4 hj s exanpl e, the second original patterns are
witten on nReheSHRSSF ApBsin® B sitiBleGlbdrals thdubairdidk iPdtdurdd bRRItRE are
applied, by using, for exanple, a |aser beam |ithography system (or an

el ectrwniela%blﬁlﬁ regarglespole gtgsmfthemtqrwwlﬁ%uen@m pepitiasti8hi ng, resi st

separa he mast er
reticl é&scg M’I Jﬁe ‘éﬁ%}{ﬁ} éé}ll‘ﬁ Cé e%igé%erg%é%teé@ f}é&%o he projection

i magesbeiveert adeéfefeﬁtmdrkpaBA@nﬂasBanﬂh&snbftfam4dmtﬂoecmhngadﬁﬁng n the naster
reticles MRL and, MR2 are res ectlveI}/ transferred on, substrates for the

mast er SYROPYIEI08 3 SingleAHBSIUME 4. the Bster ietigla ki as enly inbealigaed Waththeedet er i ned

t I
Pott or itendeibiid 9h sud EaBacmt kiete cketafbing tnadiehord Ri 0] 12 1
thi s t pasitsdnsrof vhel dlighmentanarks B4A and 24B op tler sabhsteate 4 d6n@ hakdtobd G 14 shows a

j ect t t he t i f
pat 1 or e ear S B Reied Vit bR pscaPl hEbareal daliR PLoY B miaci'er ot e,
I'n Fl Gretitte, Ritdii@e@waﬁwr@ekéegmg théir M&ﬁfatd pos@Rnal elafien tHrewgnant i ght source,

such as a nercury lanp,” a KrF exciner |laser (wavel ength of 248 nm, an ArF

exci meeligrasest wthhtencéqigm rmrkﬂw and 1303 ardundas e positioral eerjral obthel 57 nm), or

h h ik
hser ” Atalfee Y e S, et Sysc 10 bRl DI By EROEES Wb,
P11 um ganeediBRth Sky, iHeFrédi€ibn aflikapé Het®¥en the idivididl paBierhdiBétotnes Aghat ed on a

reticle blind (variable field sto 104 via a lens 103. The reticle blind
Z04 is pl ac@heolngmnqntamksi%ﬁcmﬂ q o negessarihbavsde be formgdondliee of a

1 um At 245 SPEREE oAT P g B g et oBuPUIRARANTNMIA L peni ng of

the reticle bI|nd 104 to a rectangular or the like of arbitrary dinensions
and set the position of that opening to an arbitrary position via a drive
section 104a. A main control system 118 which perforns the general control
of the operation of the overall apparatus specifies the position and shape
of the openi ng of the retl cI e bI | nd 104 to the |IIum nat i on-system control

T Y = . . b -~ a2 —~




The transm ssion |light of the master reticle MR2 forns an i mage of thﬁ
selected circuit pattern unit on the master reticle MR a projecti%ﬂ N 2002
magni fication of 1/ a ( a being s y an integer greater than 1 or a half
integer or the like greater than 1) on a substrate 50 for the working
reticle WR, which is a substrate tozpe exposed by a projection optical
system 113. A nmask material is formed on a pattern area 55 (see FIG 15) on

the substrate 50 and a,photqresist is. lied in s a S . cover the
ok mepPRiE B RN ERR oS R AP R ReiRosd S8, WRdRIR.OL S he
opt i calmagksi (8.gAthelighentthak€21A and 2PB) snbdack yiabenielidid Ritnhy bé rédiced i S

parallel to the surface of the sheet of FIG 14 in the plane perpendicul ar
t o t he ad aasterigd the pesitions,af $he latepimagesipithe marks gayths dstected @bthgftimene sheet

f FIG 14 AL thi i ' RY
et ol o stetind i FocufFimdelof f ey i3hARE of 42 alifcood B fellfle T, <
di r ect tiRnransteepddtiink bPthe@éduchbe inidpes of the phrefepaittfis iof thealateatmatérh a hi gh

accuracy, by a not-illustrated |laser  interferoneter, and the nain control
syst entelicls mayrhercorscted bassd op dhs dntectipn fosults. ctheqogition of theshort geeags on t hi s

measur tsﬁﬁsjtﬂé?e' 4 whéré Wfl‘g&%a%m RS A Fgl@‘tét ;ngE&Sis Rfbe @ireRed ayee FI G

13B) o e master retic re retic I" gnment m cr oscopes "109A and
109B whodeenanaisingbath thealignmen nsarkp24Aand 248 &red theiatent amageslof thest em 118.

Th bstrate 50, is.h t-illyst trate hold
Ana ¢ nPareciGeRcl e ok et batks 13 0d o8Pt BEped e ipean Y Secar o
ont 0 agybiYaté 43eith Hlasetam 1i2h&grayr1:®ltsﬁée?&§ of‘dn &é&ﬂinﬂ:c’hﬁamtﬁo%e yalysteRs the

surface of the substrate 50 wt i mge surface of t proj ection

opt i cabr by tikepriarits thetransfer obtheipatiernsef 4 platadityefgnastesmeticleseongbei t i on al ong
the optical gxis f th ubstrate 50 and the inclination angle by the
aut o-f?)‘%:bﬂ@atgas‘?@#%@a gﬁerorﬁ&?l%sé result of the detection by a not-illustrated
aut o- f ocus waRE ductietranbfér o gL thl(hR ik bitRfind R SA B BYaddbl e 114
(substrate 50) in the X direction and the Y direction on a base 117 by, for
exanpl subsequentrpagant paitesns efithe mastemigticlx Rd oo thti substeate i conisddiuh deeauserd

rotatigna ) V. ving mrror

1 5m 1 aesBRPlofe® of G4F- IR obIhEnad Bl RER Rl Reteblor i

i nt er f aubeate @ thé laterlt images df apapiassofteach dfr sdme ofithd tiahsfeiredimnugesioftt ues are
suppl i i,n. control system 118. The

d to a stage control, system 119 and t he .
st age &ml} mrewggm may bedﬁ'ﬁg'sqs?%%@'BB’@F&’PF‘HH@M&“’P?‘W@%““ or or the
li ke o : £, i contr ol
ng[[qu; ﬁleggéoo;ntpt%ﬁiﬁoaaﬁ %ﬁﬁﬁﬁfbﬂ?a} bEsuBfReRd 6 sh x\aér%xrﬁ% proest BEa

i nfor e nmain control "system 118. Furt a reference mark
menber statidticalprédesetd determinethe positioreofithdshot ared (sample table-S)ionthresi onal

| ot SPREE 430hsee e o el o8 e bR RBREE e thob bl Al B - oy
f or exdnip) the pbditorbefitheshot area ohaher@da omtliclsabstatest where tineveludediinege FML as
shown i

_ FIG 15. In FI 4. in this exanple, a reticle library 112 is
| ogat b 1bg T Ihpirest Pelem &%@%bﬁms}m A mcﬂimcevwggm the {2, MR3 and
MR ar gyep) of¥ss Br ﬁ%@{%l%?%s@ﬁﬁ&%t%@@kt tb@h@diiﬁ'@{%s Befgn £ di rection

inthe reticle librar Is to be note at in 14 the second
mast er ali ex Sopiecof ViROshiot agghswhbere ofor examplettheteduceddmages v (mGi1) parese nast er
reticle t he ster reticle nd MR2 e the master . reticles in FIG
13 anfiterts baySBEen oo’ Giref pod s o tp P e el Rzes o6 18 M ovabl e to a
desi r egarB@atterans tobel thiisferddl bRCdivaNo YRIIsitions! iffiRinaGdn 6f thé Nent _

il lum nation-systemcontrol system 108, and a reticle | oader 11l having an
ar m r ot'aagsdpethe marksovkish arej detestedrie i oesomaeithe shayereas, On@rigr Withection is

| ocat e retj . i i 112. The

11 o AerershRGbed VSrdBla drbcesS bR chid) sl Bl Shixi sttty 210 TR

af t er addhesitimages df¢mpoD)ipatenn patferiistaave bednf trahsferred, only dtheast e shbearkd brary 112
in theaéedlrection, it controls the operation of the reticle to ier 111 so

that a2tjeuingdy theshobarea where the fpdncagrimags,of the m-ty pagems pattesp Jagbeen o can be
exchan i .Gl 10, j trol system
Tig o Tamfitedindy i 4ol ofid ThARRnc hibe GRS Bk R SRl B9 1%
exposubedetadted fo dcquirsthsir posiclon Rformatied. i n t he exposure data file are the

mut ual positional relation and alignnment informatiqon of the i ﬁ%vidual
circuit pat tf8s Aumheriof masky ‘I‘?é’erfﬁ"s“t"‘ég"“rnigﬁ mastgsreliple ﬁﬂnwléeﬁldoa t ut ual

posi tional relation 2 T JUN 20Q2 43 and alignnent information or the |ike
of their projection images within the working reticles WR and WRL. One
exanpl e of an exposure sequence for the substrate 50 for the working
reticle WR will now be di scussed.



In FIG 14, when the master reticle MRL is |oaded on the reticle sta e 110
first, the centers of the reference marks 51A and 51B (see FIG 15) 1 Wit 2002
reference mark menber FML are moved to the center of the exposure area of
the projection optical system 113 (optical axis AX). Then, the reticle

al i gnment m croscopes 109A and 109B m@®asure the anmounts of positional
deviation of the alignnment marks RAl and RA2 on the master reticle MR wth
espect deniifr B 83153 fiditer FAREne hiinod of nhisd9 ob BELBE hitack o1 | C1 © MR
1 via the reticle“stag |n such @ manner at, as one exa t hose
anount s ofthehet areamd'lcr@lth\z |rextu|cod1thes)oﬁa(rmeh)rpayens patteeds iave bexh tmneferrcahr m zed.

Subsequent | . he ticle ind 104 is_so set 0|II mnaeo for
exanpl e, S*B?timetepéﬁﬁ’"b@*ﬁ CLMPY ?DaOT%OW@tcri%&t}" “’é??' age 116 is
SO NMOVeghags tb%e%eteckb%,ag%'rﬁzrdarmércﬁttsﬁot%éybey%bpﬂea rﬁﬁacpfantrttemgkg cui t
pattern unit Pa to esi gned position on'the working reticle WR in FIG
13C, t he¢hat hmfoemed in atsingleshobaiga whieeghe reducadamagdd bf pareoppatiethsdiavac| osed or
the laser bea yrce i S osmllat?d to ilJlum nate :bg:aﬁt%itrﬁ uh@t attern unit

Pa, thudeEEBS Wbﬁrd(?}c i g onbnemes ofthe macks may Ubstrate 50.
Next, t higne! &Ulzﬁ]oﬁt @t {east ota%f the anetu@qﬁu the $Osifén)ld? mdrwmbe@teecea mayt he
CII’CUIt pattern unit Pb, th stage 116 is noved so that the p05|t|on of
the pr ojpesadedifferenyshatfaraathy prtritmﬁ tApmltoérQﬁ transferring ajplurality of patteratesi gned
positio r out again.

Ther eaf tae?m: sﬁ:%%ra‘é‘éﬁlri étﬂgkﬁgtt*chlrﬁ) Wﬁe ﬁ'a (:ll?)gér%rioﬁIg{g(ls ﬁ?‘ﬂg J%g%[ger reticle MR1
are ex pmmexlammedaPaemAmlcmmﬂrsu Rubhwlim NJ-Gr 19258 ard ity or@dgondigl e to
optim ze ondij.ti ons r.mal |Ilum atio annul ar

i1 uni s Q’ﬁtenhbembgﬁ Lo Shergied! Wesghgvsq’ltbértf@nan it R¥FILAR t he
exposur amount of the
proj ect ?’ggﬂiggdtt%dc%?an(bg? gfﬁquﬂﬁ@ﬁ 29%“ ﬁggé %HE@hg&ggM(% ﬁéﬂé}ﬂ%glsmt hod whi ch
shi fts ptrited biathe dofmestiodaws bE the soentfOspecifieher séledied du thivintdrmatiogdlat i ve to

t he |rrag gaane of the projection optical system 113, etc.) depending on
whet her lb%{tterns of the circuit pattern units Pa to Pd are cyclic

patterns or wathpforexaapledense patteinsant isofated ke argofmePinihe riginal
illum nation_nmay_be used for cyclic patterns, and the flex nmethod nay be

used at PRthEn SAHEFIG. Feonly thy %eaﬁfafaét&ﬂﬁmyaerfemq@wne mepssisticle Rayipdhe he

mast er r rformed.
The. ret PapeFieBalER1IRS arrihe Sl ke el Bt KR i ke e 00T
1 JUPJ pdicle Riby Ah&xsrtanc,(sir@e thenoptimyal ¢dpostneconditiens; suich@s ¢hesillagpinatiod and | oads

the master,.reti ont o re sta 110.i nste after
al i gnmefendifor NRﬁ 5‘p§ %Féhlcgbeé q‘%&“&ﬁ“"ﬁ? aﬂglxsroba-[ecﬁ%a ®er ence
mar k e feasxpbdvite €onditions, sueh heihe shdpegndeizt ofiihe apsan@stop WM iligind@B as done

for the nmaster reticle I\/Rl After alignment is co&gl eted, the reticle blind
104 i s Secahspstem Lg-eadhe mtansity disiributionpf the exposurelight on thetFourer unit Pf, the
XY St a0¢adskbimi SlafOWRA riPedt 18 inelfaReMaithdet 1R mbdi B i mge of the
circui tﬁgatterglaﬂgn)l tﬂr&agecomgsdatﬁe iefsfgned tBos}sB?rtr?to(%é g?tmttﬁg wor ki ng

reticl eilldinativh opripalsystemi Is theaooherencedfatton@a ivalueJirel the htmericab apeotmey e of t he
circuit Fattern units on the master reticle MR is sequentially executed in
a si ni | aF thewraiegtionpptical s¥stem Semay be opidmized.nAfihat time, wheadhe patent | | uni nat i on
area 52 t t he master
et ol o PR P RE R AR QNS Lnbhied ARSI rtfthda HBuRbe. "7, TON
pat t er nemployedPbo that this shaperof thegsecatdany l@h\/\&bm 1ap¢ﬁredrats ah fanmoléd sBapel@C. By

driving the XY stage 116 in FIG ) vet be- exposed areas
53A to sgerﬂﬁypﬁtocgtﬁaasea?%aswaté FPgﬂ guy o tbctltlrgmﬁa%qft. on of
the pr Oloﬁt‘lila'é%tén?aﬂﬁ e shttes cﬁpmnth BRdr ﬁfc%h&ﬂ%'ahd?ﬂeb?tlﬁ%@@dﬁﬁmqrgﬁpsur e as

shown in 15. Furt he | mages of the circuit pattern Its Pr

equi val emirce in actmdatacgntteﬂlt: reta:ldqsatucm is disclosest iay for example Inpihese e

respectiyv se n.two t pose are nd 54B which sandw ch
t he pat tUé‘Ft‘X’%‘%gBS‘S“‘O‘ngbr‘F@‘%%&Sr%{ ixcgtﬁ)nl éﬁgﬁ& (g'(ti ?%WSP%H‘& he i nage
of the ¢ ¢ %‘tctrﬁt R 5235041 Ninld tﬁaﬂa@aesuval i i hcfat%n MMARPUSS. phidft are

t wo- di nensi o er mark in the naster reticle i's exposedln an area
cl ose t dncolperited bereimbyostedenae esa parBof meptescrpdcscephmawahm%hatme sel ectl on
of the indiyvidual rcui.t. pat nunits er re t he
reticle PB‘I"?‘HBAjﬁbﬂ‘C “H"Btl‘c Qﬁ'\ﬁé’@g’eﬁ&%ﬁ%?eﬁ&c% gr %cé‘tcze&‘“éhlbgt‘?f&?‘h"“é rrpl etely
in the contour of each unit, and the exposure light IL may leak into an
area of about 1 mmin wdth around the contour of each unit. To prevent the
| eak light, therefore, the light-shielding film(tight-shielding band) SA
comes between the individual circuit pattern units on the master reticle
I\/Rl After the above descri bed exposure |s carrl ed out t he phot oresi st

. . o o o o I L Y L L e




2 1 JUN ?002 45 prevent sensitization from being caused by the | eakage of
the exposure light at the reticle blind when a stepper or the |ike il Ukl
If the photoresist to be used is of the positive type, therefore, it is
unnecessary to expose the portion where the light-shielding band WA is to
be fornmed, but if it is of a negatiweg type, the portion where the

| i ght-shielding band WA is to be forned shoul d be exposed. Wen a negative
phot or e j rtened by

For m ng PR ub. 18 otifize WEO Sif corkifont HIBHER Al BnEABBRINP T ER0C Y, e

porti Ol’bxpésutfd‘iegﬂt mght:mtm:etdzhabgutbmdxa\hﬁﬂc ahe optitabixis (acsoratit@pupiket i cl es

MR1- MR4_and exposi ng .t he |ma$|e of the_ rectangul ar openi ng. The vvorkl ng

reti cl dillgRimaiHiednsered onramoyefl {rosrGaMicintyof he pupt plang of dhepraigckion

exposi 4 fromthe
ot or PUbSrRGABRGH S BF iRgRasife Rkt meliBl (EmitRol) § ﬁ%@?%t?%n Thie

pr oducttheimage puné bﬁmerptowqtmwpoéal\amdm a@nd tieisotface dt\lﬂ'xeaswsm 4wgihiy t he sanme
mast er ret cles

hor t t t f
si ngl e AR% fqﬁ!@lch%qgeén Vgé?,cqca%é%%g é?g ngrél tggeé epnr5034pec l On ime for a
Al t NOU Gt s AHcRiiSm @ insBEinBf Ionftigthé phAPENRis ARbitape ot ed by

combining the circuit pattern-units that are sel ected fromthe two master
reticl exampit, JapshesPnexantines ermapemum@m Publicatich No38-8ihzamlitsoer of the

TR T chittapbhdie LS dRlepk NES G5 abd B Sor B K e B RRIBRE  ath tat o

reticl @repiessive fmstﬁgmetﬂcﬂtls dis€loW¥d i) foY\Etampie) Tapanese@rcxafnided Fatgn€ Ui t pattern
units al one shoul d be selected fromeach naster reticle and transferred and

expos edppticasioaglire Pyblieaion oap115AQ5 andl #srorgenarring V-8t Patprt NRS4GRLL 1t i s
e CuHe : ' be oot oot
opt 1 canng el its B GoRepsfadiRY Bnd XA bhRs ek infhrporBledisfiabbpl °C1 00

pat t er neferencet dse pustsifehie predencdesciiftion willfin suhet is pemuited by theploajestid lews on t he
reticle WR se the uction transfer by the

Ki VR1. .b
\S?I:)j Ie(r:]gfth‘? BB‘Btfycsﬁeé‘s‘ﬁgP%WIeﬁcg ’BEI'H s’gau‘if@”f‘l’rf’é’ L\e Pse effects of the

di mensi onal Tge awrahanmaw ﬂagﬁasilwmh N\%ﬁ@lhﬁﬂ QHay Bk eirlpfoylel WRthQS pagénit t | ng
patterns on the naster | cle véht he reduction nmagnification (1/

cx ). maplabcmafa phase- shtftmg mgsketct tbcéf y¥tue YiRhe flbymipatianropticel syBlemeedescri bed
manner rr%% nﬁ»ﬁ bg erconnection patterns between the individual circuit
bl ocks“( ut %t d Udnnection pattern Pk in FIG 13C). As those lines are

qui te diffeneptiotbiRiskashotdinite 6 ratmetsmeﬁpetmgaﬂgl dqight-shiblding 18§ek bf cul t to
enpl oy a nethod of selecting and using proger patterns from'conmon master

reticl ebromiyaier sbedﬁ@ebtm}am mseﬁsﬁmgm}as gtz spatiabirequencymedyalion20Q 46

witin ate for a
wor Ki ng""rggﬁ“c‘:’ Hglﬁﬁgb@nﬁd%@ n@ﬁlﬁ_ﬁ;}? taﬂgglrﬂggﬁ] e éshlg‘r%? éjQﬁh‘riell ectron beam
it hoglfmptgncgysﬂe}mon typher bdgcmnhmntgtm:, pempelatly, thdphase stpftemm on exposure
apparatu FIG .14 i

hsawrltln mechani s or ~additi t|ng
desired tzeé't"tde(f’r?gcﬂﬁ'ﬁe %%‘%‘h%%g?ﬂ‘é e °ﬁ5%ﬁ‘?ﬁ'§ﬁ % P h\atg ‘%‘ﬁF’BI ection
exposulig: PR bk forithe pilase shifter shoeldibe defp edb6paratelyaser beam writing
mechanismis provided In the vicinity the side surface of the projection

opti cal systPemSSEIIBIODSﬁMOM beagiven ofath¢ fashwheredhe inggeifpeming shasagteristid from a

ot ol &8 DRgrof Tk nraf B SaR Blao SR db ARyl Bt oS e b g sttle 1S ot or

the |i Kenotdn fﬂel‘uﬂ&l stit%l IBthe pivjectiod eRpdsif dpparatud shown REFIR A2 kiat bes el enent
AML is, as one exan‘g an_intensity nodul ating el enent which is a
conbi nae Werking retele df & TRMIC expoRBE BipFAsertaiiflegiee 9fanopuptationg t he

osci || SliafiRuld oAt of Boh AL BORR RAHES Ieima o AR RshaLhaR of the

nodul at on e enent are contro mai n contr system 118. The
mai n cofiits ptojexyion eptical Bystean4elt s dssumed hangthaf distegianedhich tarseongrid:t | on

he |i i f th b f db
Phe. 11 gl dent iage 28 Sytauce 51 e Repken Bng, Beterpis f bRowR N OT ALSTE BB Sour oo
Al oy tﬂaqlﬁggtétﬁtetbgwn{,gc ztghﬁdteaéalbatue%h&t.ﬁaegteéég{:t? ik l%ﬁya@e fﬁrﬁﬁﬂg?m wi th

t he novénent ng area on the substr under
condenghagctemsie of 24k pmﬂctttdneop(i\éabstyatgm%shdmn imFIG 64se, because it is

necessary to natch the positi rel atio bet ection i mage of
each circuitl Sa‘tt’tg‘} BIYFR; thatir s {)“ﬁglsr%?g gf PE‘P tg{)wﬂlt?ct‘?‘ansferred
by the projection optical system 113 and the spot beam of the light flux
LBI, it is desirable to neasure the positional relation between both by

usi ng, for exanple, the reference mark nenber FM prior to witing.
Alternatively, an alignnent sensor 122 of, for exanple, an inage processing
type may be pr OVI ded on the Si de surface of the pr 01 ectl on opt| cal system
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The nunber of the working reticles that require interconnection patterns
between 2 ~ uurd ~a~~ 47 the individual circuit pattern units is rgergyyun
about 3 to 4 (reticles corresponding to a |later netal interconnecting step%
of the total nunber (about 20). Wile the witing mechanismin FIG 16 is
of a stage scanning type and has a sle2@w witing speed, the tine required
for | aser beamlithography using that witing nmechanismis short conpared

vor ki ng PO Eele A2 s bbfecBR B A P USHRRRET S B G o

carry ouptidahxil AXEItoGVINLI28h bA WD spiadibis|ideal inperPBCiha distorioh Dir)lagser beam
| it hography systemto be described |ater, shown in FIG 17, which al so uses
beam scMﬂﬂ}ccshiﬁHP&SH@ Bythe Qllawingpquatiphe wi dt h of such interconnection
patterns bety_\ﬁsn__éh? /tl:i rcuig pattern units are generally thicker than that
of patterns in‘ci c°|) pat t ?n units and even direct witing by the | aser
beam | i t hogr Thérgfoss; shiecamolor of thetpositiosal daviktigr efttheprojdction image 29talthe
precision. A description will now be given of one exanple of a nethod of
produci i§akimagess atthe distanee heqorees approximtalyr (W 13A and FIG 13B. The

master reticles. MRL and MR2 can.be produ by a reticle.witjng.system
Whi ch has. colvBiRtm AR gFPpsh Pt Bopied sty fehe kdisish md BEY

|'i t hogr aiédioh Yohedn eHigifd) sBbteféd Sin BEEA Why Q6 Ay o Yisd @Bortidnat the

exenpl i I;.i ezha reticl eglvvrfi(é)i ng stysagtem .Iogts:ér‘ggeam I ie';iglogr aphyu;sdgttgrr) whi ch
uses a Hmsdhe rsduged impgeofthe parentzp 1 16 nTagier reHeleri pragac neee MRL is
hel d on I Weh.y cured onto an XY stage 136. The XY

st age 1§@s%%g}ata|§8$f§% ﬁ’eﬁg%@e}ﬁ{%ﬁ%ﬁ"%34 (substrate 60) on a base 137 in

t he, t wo- di meRKG.SBadhouis itiecirrangeraert of teasshoareds S1i 82,1 SV on Theesupstsdte 4on of t he

) . . )
sanple taple 134 js ne r by a moving mrrQr 135mon.the sanple table
134 and? e ssghosd gt g%ﬁ@ﬂ% P;ere@artswacggasmglagit? coRgiel ot 3Ha ¥ cont r ol
uni t 138 £GBLUEPINShisTGPIB! T B dage, vchr?ﬁ'at%()@ thé #ifin Eerftét Jefife Measured

éﬁﬁ Rafk
value. A'light flux LB2 for pattern formation, whic as ﬁeen emtted from
a | aser shotarea S5 o the optieal axis A¥1 bEan expeated arqjestipn optical systen Bibeniseda

nodul at ,gn_el enent .AMP for. npdul ating.,the intensity. and a shaping opti cal
Syst em MEGMOUR P bheitional deialB in e radky eikecrian of i prptetion BT WHS. " s e

reti cl ethid¥hobited85 Bprofeced iPRidaeidne 1V By thé Brojéctiah BBt syshsin bedesdes at e 60
is a mask material on which a photoresist is applied. The control unit 138

cont r ol &/ 8MR(rb8yfroinaqguatipno@yr Burither, thé ambwnt lof therpokitianal sleviatien btheand t he
nodul ating qperation of fhe nodul ation el enent AM2. Further, the control
unit 13BrojesHon epticaksysi¢m wdﬁg,e%iﬁ vyhere the expppurgnosiign of thsreduced image I3 1314
and cycl.l : j I r . ) ¢ I o the
surfac ehig&ﬁ%\lﬁ%us hlgyg?tsgifﬁcﬁlbg 6)?”’\1/‘?59{3@&3% g{eﬁgteag?a?%geﬁ%cgg{cgoénﬁygz . 2 1 JUN
2002 48THdiefofs) tHercdhditioh forldBceling thé ditortibndeish théthniowdt 6f peisdmanal pattern by
nodul ating the | aser heam source LA2 or the nodul ation elenment AM2 in
synchr off¥aatoibesPmesas it srensi onal rotation of the polygon mirror 131 to

t wo- di mensi o Ly S AL t field of view of the objective | ens 133
ROV S PBIBGA T G ‘

with the |ight ta which indicates the shapes and the

posi tional rplodf ihqufior (29, the @mbuktElpositibal dbvikidnt 61F) béBdrhés 43a- Pe to be
witten is stored in a not-illustrated menory unit, such as a magnetic disk
drive, fobtlowscted to the control unit 138. The control unit 138 wites the

i ndi vidual ciycuit ﬁ%téﬁrn units on the substrate 60 by nodul ating the

| aser beam s@dPeTLRE/B) t k) nodul ation el enment AMR and rotat | ng the

pol ygon m noy 131 based.on the wite dat t is ta be noted that as the
Preld of i olf B SaRa Dy EarinyE siEl nIen 35 2 o g ol mzpes Paghiy i ¢ o
the XV RuAGA idafe P iSVHALd S Ek Vil Ofthd dtial BICARD Llikerbife, Bbr kL S8t ©

conpl eted an Iting 1s carried out whi connect1 ng pattérns between the
adj oi ni arga 57 ghelexposureipositioAbf e cotréspondiog eeducddt iimage Plfeshelikitiang beemd et chi ng
or the like are perforned t.o. c | et.e e ster,reticle . The second
mast er ?@E‘?Q:‘I“es“ waRAs E?esaE)‘F%’dE‘E: af‘ﬂ“ mé‘“gg%“ﬁ‘dm?&?% Shﬂfll\éﬁ%’t‘lﬁge% el ectron
beam | i thiaed @Ry Yo dRier SR6 sV FBHhe BhdtQked 919 dnltBe BRicafiis AX1, ithe mast er
reticles IvIR ‘and MR2, it is preferable to use the above-described |aser
beam | i timegessaryyo slyage thefpositiontod avedugegmnage P3i3. t Aecopdinglysthe digtogéer or nance
because. t rqcessi er f ormapce. (t hgughput), of an el ectron beam

l'i t hogr Hbﬁ?gﬁ‘éf QHCFGQQBHMF‘F#]CP&%@%&%’E’H “of a laser beam |ithography
system Al though the | aser beam | ithography systemis inferior to the

el ectron beam lithography systemin the dinensional precision of mnute
patterns, when a reduction projection optical systemis used in exposing
the working reticle WR, patterns on the master reticles MR and MR2 can be
enl arged patterns of patterns on the working reticle WR so that the demand

o o o Y




In the third enbodinent, as in the first and second enbodi nents, the
optical 21 JUN 2002 49 reduction projection exposure apparatus &hdWh2(0h
FIG 12 is used. At this tine, in FIG 12, the working reticle WRin FIG
13Cis held on the reticle stage instead of the working reticle 34.

Normal |y, at the tine of form ng azgem conductor device, it is necessary to
formcircuit patterns accurately, overl apping one on anot her about 20 or so

times (20 qr so | ayers t he waf er and a wafer mark for the X axis and
a waf er nafR 2PeATeRt @W@%&C‘H@i'ﬁ’ﬁéﬂ to\sl}ﬁammgagga ‘Brt%?/Pr&lft‘f“P‘i‘l“EacﬁEh shot area
on th I r t r,eNi s P, 08 . 1/AS ; =J Wl rat ed

ali gn?r%%ggedﬁés%é& et e(t:htesd%gga([:iﬁﬁiléva er s%ﬁi&ﬁ%gécaﬁ@gﬁ%%ﬁ%b)’aﬁ Blaﬁ? eady forned
Ci I cubid thaklight Ron-Sotaistial 5yeaimenid defoemaint gehératedRULGisTespebe iti®r Ki ng reticle

VWR are exposed on this circuit pattern, accurately overl apped one on

anot h¢siraglg thaf reqirojgetion epsicalsystena efdheprafegtionexpature appasetupm K6k ns Pw i n,
for e : | I 1 : i n transferred
t hr oug t (gbcpéljgslldggg}f %‘ P%:gg% gtlédsﬁ.rﬁ ac k@h@l&a?%%g:ﬁy%o#&{ﬂgéﬁ er Wis

posi t tlement ilyyforiciantpld, ke priojegriorecyiticalesystem. 3 ditthé likessot thatthe progeceibn gnent
result is_corrected by a certain predetermned ampunt (base |ine anount).
As exB‘S&‘HF‘%a“IOPQH% distarcipn can e conirplks Withip ﬁ@dﬁtaw'eﬁraag@% 49the Hmewor ki ng
reticlye % ' ' 18Rl in the

pat t elrhn r%a@g%%dgt e lrsg?hgétchﬁﬂ%%i ?hccsaf{jllg’ofr??g’fﬁ@lg’g ié'ssgglfo&égfel in a shot
ar ea thé expdsurerpositionrshould be shifrad)by o (1) Usénghe projestiopetpgosure apparttae invor ki ng
reticle WR is exposed_in each shot area on_ the wafer Wthis wa t he wafer

Wis B dibybaleo ieamagnificauien of the gEticction opBeal Aystem 3 Showld bead Gutected f or m ¢ ho

circujd i . SeH] QQH? i ce in each shot
area Jgﬁo?ﬁr@eﬁéﬂ@é@@c@é{dﬁdﬁé@?ﬁ%ﬂ%g&fﬁ/?@%ﬂ n _hg{sﬁ%ﬁéllét of devices,
such gfarfRisGOSANE pfjedtioh @gticdl S¢btehh B&hdUl& be scdihtaRd all th éaavalolbthaul ti - type
and smal | -quantity production type devices, called ASICs (Application

Speci ¢qr@sm;ngdpca§ gistartion &y muchsas possible; Ahisicam allow thecveralledistesiope pr oduced
in a HC . | nekeased considerably. Particularly, ASICs
cal | ei?i'qﬁts;tg’ﬂg&aﬁ%&é@%ﬁgbg{%gﬁgéﬁrgh%ﬁﬁf which is expected to increase in the
future need desdriptibe svill aowbegives oftliecatdwehét® therprejectionexposuge St eps for each
ki nd of devi.c% The standard cell s an ASI g which is desirgne by a device
user HPARAYSIIE 16 42 s @ SFARDHIE FFPESUE (YPe: SUFh 15the Step ARflican s¥e)anddai have been

Pr epadceshiled sl esrSyiivh Saud@Vd etalBlifidedBRRAI¢ IO ihdiBatstFBY thebrdiefe t 0 sel ect
the types of circuit units, the patterns of the working reticles quite

di f  elinertp reasmrea Raraldeleripedproj¢stion inpage 31 inglicateskby the slidinesPmaias ipr eci si on
demangle %é%(r:fﬁﬁx?@? icfé%ét\%is?ﬁr&gzts gf‘og&ﬁ%ﬁ\r&gge as'showfi i FIRA6A onal I'y necessary

to wite ctron am ography system having a | ow
t hr oughput IndfiGL éAhwhilethexehtedf the projeztipn image 31 is-the eeffe) 35,0 thé nce t he

R e SR NEE TN R T
ot e hiralh 8 clsthtioNdich Ribbce 8o ¥ ol RO i Ane HESLANME (° cer sel ect's
shoul dirdetiomr Thie iswckrm? spévifiedhescansibg expsifekystéRzhar bocduiewhekehe t he

b o CREUBRLI LS Oh & el S e 415 SoRGTIn FLSCHAOL 3 SOSKUF ICRE onto the.
subst é@g&a, 5, £4riSaipleka Bgmaﬁ&ﬂa%g Qﬁ]ﬁ? g{r\gﬂpheﬁt @Jﬁ&b 8f m@@xefcge&ﬁﬁcr i bed

enbodi rrent "significantly shorte need to wi
image 31 is laterally shifted by 0 X1 in the -X direction with respect to an ideal partial

image 30a and is deformed in a parallelepiped shape by an angle ¢.

In this case, according to this embodiment, a projection exposure apparatus of the
step and scan type which has the Y direction as the scanning direction is used as the
projection exposure apparatus which sequentially projects the reduced images of the
parent patterns of the master reticles R1 to RN in FIG. 4. At the time of exposing a

reduced image PI21 of the parent pattern of 2 master reticle R21 corresponding to the



the original pattern of a working reticle which has conventionally been
done with an el ectron beam|lithography system for each kind, so thatJuNig:
time required for the devel opnment of each kind of device can be shorted
consi derably. As discussed above, circuit pattern units can be witten on
each master reticle MRL, MR2 for pr®@ducing a working reticle wth a

hi gh-throughput |aser beam |ithography system Further, in producing

st andag&tustqtnhge 31aGh FRSOER) fBr eXdnigid, Bt ifaeé ﬁﬁm%i rﬁracreﬁtﬁ&tseo Mtrectdd2 has
only to be carried out once beforé a device l'1cizes them (starts
accept asg cacdbowt theoamoune of thedateiabdeldation c@Kll and an arrdaulaﬂgeubser so that the
effect on the total throughput or the read tinme is equivalent to nil. O

course, t heThe lagousdddrdicatest by tabeaken Hresas F1GneB indigatss dhe)desigaedvor ki ng

reti cI t Xi mum per
wor Ki ng retorgc[:}\%rgb&%eat%% tﬁ{ ﬂ{bg{ﬁtrre ﬁeed‘eé%cgﬁ% li)tgeer%(\i/\‘/{'lncre E caftl |{rgl es for
manuf aef the pﬂglt(iﬁtttme§ profettddeonsddusigaédshoti el e@késyondﬁligetorrm jmdalof

manuf acturing, a working reticle in this exanple is . not limted to . | the

et g R s JF B S f (U en 20E S |
Llrj?m;stgréﬁf'pxs %c{ x@gt%crtloﬁ% B B9 it brbledd S%o][n‘i‘%lesg& {er M"kl ng reticle,

0€es n Icles are
new y ﬂﬁ&ﬂiﬂ@?ﬂcb@ﬁu@ﬂlHcﬂ@ﬂbrktbﬂﬂaquroﬂ&iﬁn%u@&l%?;yt@rhkhﬂﬁcﬁ@tthﬂ'tﬁé; are
produced by using those new nmaster reticles is nethod i s advantageous in
t hat i exposure pogitéonyfithe rerdnead:longeli’ﬂildnsptemusldrbﬁﬂwhlﬂtaddm 6@ Witind t o anot her
nore flexibly. Wien the reducti tio fromthe master. reticle MR, MR to
t he mrcmegtomqsh@r areg\SR1 |b§°°|f%ﬂsg§ XY Fetthe migpssignoriginates fomiech it is hard

ot of WA ifegich) " TheboRe e Syt torcnoctpe Bl dipl ot ' (Rl The

Ci I cui §evitdioh €F R1 wAihithishiendudt HRhé pRichhPebvadtidn Wetdrh@ris @6lldwsD Or nore naster
reticles, and they should be connected together to forma single circuit

pattern unitéXtZ/[Bhe-&Xﬂe(ﬂhey are transferred to the working reticle WR

2 ~ ~u~~ 2aa~ 51 Although the projection exposure agpparatus of a static
exposur e t yiem(thisegpation; (¢)dhe gmouns abpasifionpl ‘&Xﬁ@@&r‘%ﬁg%‘t‘)@?ﬁSMi ch exposes

t he pa? € ‘ﬂi f a master reticle on the substrate 50 for the working reticle
WR in a proj ection exposure apparatus of a scanni ng exposure type
such as a s I £ descri bed
enbodi nent slﬁ 9“’3%‘?33@%@2&5 erRethizlura Apoy bzz%rlge%%fgg% ns are

t r ansf agteed, coluntekﬂamtmwmlerc,spmtdtheYenxlmsbyrshtfﬂng dre spanmingdiregtioedf cl e.

Al t hough the boundary between two adjoi ni ng shot areas on the substrate

wher e BR&asletistiels fiomfasolthe spstrpig M thwap@rlaglra?t@nrb@mébtu vel y

t ra”Sf&tFJcﬁ&r ' ﬁk@wﬁ& rtﬂ} #Hlotier Yot afeal *ihéeﬁpbﬁ(ﬂe Bélﬁ Vé}‘&t'ﬁﬁ%o}‘re nhln%” may be
made irregular so for exanpl € no patt ich stret over the
two s hmﬁu@degesnreslhmaily shifteld and ama&ﬁorbicé by hn angie sb caamerclaclpam ern which

stretches over the two shot areas, | t he connecting _portion of the

r educeWith Faspect tathe WWI%aWHFU%WE‘QFW@n%ﬁOMéh? sowcarer i Bi- e ant I y, t hus

i nprov, n i exposure met hod
i St R BT R0 B Sb e Y skl Bkl by VAR PP S ot o

st r ai gturrektstiee aferedientioneslaniagnification ereo«ampﬂge dcﬂmpatmsmdlﬂnémﬂmsned Pat ent

I t F t P t hb 0962 t , d
Patent CBTEH B PrraRIB e, GPnes? M Hopined HAPR! ARPLEpF EE! PTCS ARy
1997) , 6.316599NE ggﬁe%e 'Llﬂ%kkhﬁi%eél patuw&pgmuhtdncatrtt%bﬁ&dmh% t#ﬁggpaahent ar e

incorporated’ hérein by reference as a part of the present description
Wi t hi nthﬂinaomspomhngd)tﬁ dteny Applécatiomdlot 08233318 (f)l‘edtOkteAmrbaﬁ,t}‘)?4)s rambr fied or
sel ect

hove. HESPIBERS iR Elﬁhsaﬁronamd"f%gtfﬁtaa%n HATISARE i MsaeP B whi ch

stret CH@&n%yeéfeteﬂ& @OH PRESH thé PRbent &R Apidh Witkidaiat AtpRrmitte@ by tiRVen i f there
I's no connecting portion between the reduced i mages of two parent patterns,

this i domestic dawsiefdke enuaky specifindeos seleeted Brthisrntgrabianal ppplicaieieed i mages of
two parent patterns to be respectively transferred to the two shot areas
are connected together. Therefore, the screen |inking of reduced inages in
this I[Bé@(ljﬂdmmcﬁm@ﬂqued out irrespective of whether or not there is a
connecting portion, and uses the concept_of transferring the reduced inmages
of two par eAtsepend embrdimenteofadijsaausnitiongvillrovy P describpd Wi feEance #o exposur e
apparatus for producing a photomask (FIG 2, FIG 14, etc.) which transfers
a parent pattern on a nmaster reticle onto a substrate for a working reticle
may use a rod integrator instead of a fly-eye |lens as an optical integrator
(homogeni zer) which is located in the illum nation optical system or a
fIy eye Iens may be conbr ned vvrth a rod |ntegrator Further, the projection

oy . ey




2 ~ ~uN 70a 52 reflection/refraction systemconprising a refractive optical
element and a reflection optical elenment. The projection optical syktdilaf?
a reflection/refraction type may be any of an optical system which has at

| east a beam splitter and a concave mnor as reflection optical elenents,
an optical system which has a concavd mrror and a mnor w thout using a
beam splitter as reflection optical elenents, and an optical system which
has a Rﬁﬁc%xhééﬁgﬂfgdr%fr%ﬁ“ on optical elenments and two reflection optical

el ements (at 1east one Of which is a concave mnor) arranged, w thout being
bent, on t h&IGpT iscatliagramsillubtstinggiredittion steps finta, phatomkisk acasdidg it the. S.

Pat ent No. ,5788229. The. discl.osure_jn.thi.s patent is incorporated

ner o1 n B BBpmen: otiBis ihiimio; I R 3, 8B 10 ol eioftrask bt FRHEa: 1 s

per m t tie@e MbrkiRErchieEs thét i AVl @ thelthfe GURTNY nbRGfkfurag agémﬁ%h&ﬁ:ﬁ&d inthis

g
international application. Although the illumnation condition, i.e., the
i nt ensidevicedi Thisi sgendembedimepbdififess fromghthe diistt ¢rebadimentein thataMssety (Mpl ane

crboa HERE 2 psked erehieiFn olor B et Rtel ki e Wi TR, "' 7

di stri Blifrdl@es of miakter ietitls RN Ail. Odre bsedinb produtd e wtekidlg ndtickd 34, ace of an
optical integrator by noving at | east one optical elenent arranged between,

for exanpl eln FKs Bxrpis biG. 1,itigsi theoincuie pattaim 8hds magnifiad by nd dgfembthe A pai r
of conical prisnms_(axicons) may further be arranged,closer to the, |ight
sour ce °8gial RaHEm %7(H§Pt hes areclangulas @regprhosapergs r,Sltﬁﬁ ga‘afdwéhsm Pthe

di st ance,.be epR,t he pairn_.of i cons al.on he tical..ax\s n. change the
1T um RO g en amag e nd e Morfo i B! ® 278 ol o7 of Bikolo o7 o
such amegjardt ﬁauesﬂgs%ek thad a t@anGBRF G¥ea Whobd FerpeHdfibdrisided havd WildisigIn 1S

hi gher than the outer side. This nakes it possible to change the intensity
di stri buti®n &f andex i*| Buni¥atThen, the platent patteme 36 ie dijiidegh ©i fdemf @cus® pl ane of
the fly-eye |l ens _and on the Fourier, transform plane of _the illum nation

opt i caPargtsiatterns Pls PRsPhet, BN (N @ Drand dhase paregt BatternscRi GF ¥ toaN) w7

11 o R rghab  eincih SE IR PRE ot BT R A IR s PN el ' T

condi t infasks. The imusier fdtighe Riis Cheodapietas ¢l stivaviigiRIGai.ned. A proj ection exposure
apparatus that uses, as il]um nation Iight for exposure, EUW (Extrene Utra
Violet) |ighhenPyasingithe ¥ritedats ghihe parrateatemsd, Bf, -avisegnentediisomn)

havi ng thc‘;{ﬁfcn?gﬁm 6 aaiRKE ARG factoing FRart b fBfred fo QuBlaphifiClioh snoener at ed
froma laser plasma ITght source or SOR may be used as an exposure system
for pr téunastey retintesBiascthd sseondisedofdN patgntimisks| Thetparemt/patterpoBLiteePMppar at us,
the re on ' ' hC ' f WQN_system whi ch

conpri g}élgﬁeosr? F?/rpdz;géﬁﬁ)ﬁﬁrg‘gl&{ gaé(?es?é%g%tﬁt%%lgﬁ%?algegf °Z‘§{’i g‘ﬁrc tpﬁalhgré' \M‘;]l'errent S
and a na"Ifecthe porpoyddef distirctios. used as a parent mask. Further, a harnonic,
which is acquired by anplifying a single-wavel ength | aser of 2 1 JUN 2002
53 an i nf r aPSEPTARgJR this embadimente as appsEent fiom: thej aboxey the amoupbef eachrp

. . T F S Mo SOFE
cxarpl SHEREE for3a) oo Raiehl Flel o and A i Ereth oy Bl ik RMeR: (01 ng
it 10 WaHShA®NGH e GABMAI Bt 1P and tHeainRhih link WMt Y 0 &Iig 1R Afinkhnear

optical crystal, may be used as illum nation |ight for exposure. As one
exanpl &ne wirdth of the ariginal [patt¢ror27wsty tabeagh pareht paterm§i, Aiwan deevrigteh ihaser i s

navel eArTAEra op tiaie gt A el e RecRipB o itien GREB BT AHAF B AL RIse
gener agqo G Srle Prékivded, thé Workih@eeledB4 danlbd ﬂf&rgc%g %?1 gk%agﬁg%p%ﬁnng‘ thém! he

oscillation wavelength is set Tn a range of 1.

parti cad that the tome forproducimgnthe mastea retigiesdR lofo RN3ind Q11 MQNNis npt & heavy
ultraviolet |ight whose wavel ength beconmes approxi mately the sane as that
of an RPERxcimer |aser is acquired, and if the oscillation wavelength is
set in a ramgs i9f thd wdfking rdtidd$34 i phodeced by Xranaferfiiy e irdduded ffgRs Pfi 157 to
158 nm i.e., ultraviolet tight whose wavel engt h becones approxi mately the
sane a$i % hta Nhfwhich #2 1/ @stimes thegarpmt patterns/ARy of ther fiisteset pHN mastrs seticiesappar at us

f duci devi j ch DUV | i Ul Vi ql light), VUV
| ot Rt dih SOskaovt ARl Porm e FTE SR oge, (GUREPEIXpoRs a4 i 441 on
light & g PEITYOREES 4 b

magnesi e feRibeCiniate Al G2t AANERARH U3 M dlaspalel R, o (o &

working reticle in each of the above-descri bed enbodi nents. As the EW
exposure apparatus uses a reflection type mask, the proximty type X-ray
exposure apparatus or a mask projection type electron beam |ithography
systemor the |ike uses a transm ssion type mask (stencil mask, nenbrane
mask), a silicon wafer or the like is used as a substrate for a working

o, 2 1. " I o - e Y




apparatus for producing a photomask (FIG 2, FIG 14, etc.). It is
desirable that the manufacture of the exposure system shoul d be caﬁiﬁg 1|t
in a clean room whose tenperature, degree of cleanness and so forth are
controlled. This inventionis not limted to the above-described

enbodi ments but may of course take Barious structures w thout departing
fromthe spirit or scope of the invention. | NDUSTRI AL APPLI CABI LI TY This

| nvent lgiaf bRl SR deP of R eAE1E OPRANAL WbshAtE 4%%%&:%@%&%&@8 k whi ch
is used as an original pattern at the tine of fabricating a mcro device,
such asvhile penforaongisor¢eanrlinkageticching exposord)t , by using |ithographic

t echnol ogy, ,and a math d ,of manufact rl.ng a .device which uses such a
phot ommsk. pIbIREFoRSERSHReTA oty 1 FGCHIGH PHUSIop SEpOSUIZ ARGAGIU TROWR 1 o)
phot omgs kAR 0d Wedd st tHBHRRATE [f?(f)dtfcﬂigsthé Woaahg RificleSACIhdQhe ﬁ-ﬂ?(i&ai NS of a

plurality of parent masks is a part of an enlarged pattern of a tfansfer
pat t er mastgretinlgt Rit incthp dirstesehis plagedinm the ireticknstage B [Fogbemthiet firstisgt @#fand in a
short perjiod.of fine_wt smal | er anmoynt of driftj by. usin or

exanpl st renfies R G5 REL i e 3488 5 Peyjerefivter b 19 68 Bt £72 My aphy
syste | b f: thne: : 7B er by the
rati Om(s)t%pat) ﬂﬁtéﬂﬁé%@%ﬁt@gﬂ?@%ﬁt@ghﬁ %? "?ﬁ{e"ﬂggrtg%feh%gﬂg it Is b{")ssi ble to
f or m t keticlerloadet 49 wiaisé eperatjiar isgiontxdllquistiyt the myainvcordirdhisgdterp Geparforms an Fur t her ,
since thgse parent .mgsks, ong oduced, _can used repeatedly, there is
Che- ad PARSESCLL  AesiteH TR cauge 1 (5 B R MRS BRCeoHecRBbokach

Or i gi NBjatePBi fARE réiRle BGrafyPTE R Wk réticde SthgH . PILHiSERE iBRCheetleds Byt period
of tinme. According to thée second and thitd photomask produci ng nmet hods of

t hi s i thatHei mntuabpesitienal gelatiory smpng: theampgemestigles K tnQNrank oligrarent egrent
patternp i f J f g r tern, there are
t he adbng%qdagggt@ﬁ%# a%orf &gfl\ﬁ;mgfé%%? Wg%%ﬁ{grogéh%ggl\?w%pﬁ{@ﬁ yiﬁ‘%ﬁ:g short period
of time wthAtehexithd bPexposingnlie substekte Atin s erbddimemothaitbdiced émagep@gur es can

average the witing error for t atternsg .of parent, sks by the nunber of
mul ti pﬁ’é §§‘p§9§8§ gaster I‘i@’r?ﬁcsﬁgi“bﬁ&f g&&ﬁ?‘i’%?aﬁ%éﬁ?cfcﬁl@fcf‘ﬁ%s A M error,
line w rar r i e t o be
final %‘ﬂ’%g“?tﬁé‘d&{ e Sé'rtdqng'Td t)e?teé%tcek %t%ﬁaﬁ%ﬁi%?ég\‘}?{?gmt‘%gs gggﬁgggﬁﬁp%{t e time
of conmeasten retjcled ©1r todOQNeate iemposed onfthe auhstratest of ampaverlappimgghanngnr Ofegnent
patterns) on the.substrate for the ghgltogask t oget her and ex%c()sitﬂ t hem
the w FEESCP FEHCBIN PRISCHRR EERUICAPPRALYS BX P SRANMRSEROBYC BIRE SPYLE P& al so
reducestep afd k&t syistein aiayPenadeddnstesy of tharstdiie dxposarel tyel hThe ghgrmien¢i si on.

2 1 JUPJ 2002 55 When_t he segrrgr,lt ation rreg&lhod for the patterns of at |east
one sefmegfanism,shownniy EIGS. Zaaids 3 iy usedefop aigharerision speerbtigkage (BIGhing par ent
masks gidobGEPndtr Iy ahhg tRE redlodd Rlages 8fl eShiNtdtaei a8 RO o RIVAL alRar ent

masks, or at” | east” one set of patterns of plural parent masks in the Msets
of pat asengsthofredyiced irhagea o€ the mestdrgeticles Q¢ Q. | Inthiagligament, fvoy crassot her

o ¢1 S Aty HipsRE Rl e ol sr O B o B SRl B *

exposematbgeticleRer n i nages of the parent nmasks are exposed at the sane
position on_the substrate for the photomask, so that_the distortion of the
proj ecti on Bpexpemngthsireducad images of therparent pateras Bh BN offthe Hest sit@fn of t he
transf gr . RN i . t:he

aver ag S APcicFRALS RN Gl 2ol poRtine shitarclt ST TSR PAMSRRLRY 447

pr oj ecbidenthésxways heredpeak iniages PHato RIN ofsthel irdiviguad garcnhpattelres Phot BNask i s

subst angi rected. Further, the.linkage error is reduced by the
aver aglthy 1 FeBRC. A3 e rapeiel dSinsctitching PHESTe fiehgraus S e, So

transf E‘Jrédnrlgxkﬁg@w{tﬁ WCRAudABRBesT tia 5cﬁ‘6iﬂr“ng%rehhﬁ‘at@l-déra§|sh6’@ﬁ gkIgrasks on
the surtace of "the substrate, a reducti Oon projection exposure apparatus of

a st at BA. duFiSu3A, thy pmags that isebtaineddry qonogating ithenredugeddimagesalipdo RINs of a
scannin Xposure type is ectively used in accor e wmth the use of
he phibReRELR s BiveeRaagn 26P Fhich et aulert 4 1 H-dHstteeda a1 e can be
corrected b Leyi . : - ] r ningtjcc of the
pat t or e of TPRERE UFpHEGRIGE gt WiilaRARe LA IMARAEIE AN P |
the |i iR pafent patemtbge td ANGMBe sdearndisdt of Nyhaster rdtixfesi@l @xQNdh EliGi haraccor dance
with the usage. Even in the case where at the i&g of sequent iggl IE?;B

t r ansf e¥noser overtapped 9B dbe rednerdimages Bl to RN dp ElG.#A, s shawn ja FEA18Brasks on
the surface of the substrate, each of the inage form ng characteristics of
the reduced images of the patterns of the parent masks is corrected in
accordance with at | east one of a non-rotational symetric aberration and a

distortion characteristic of the projection optical systemof the
proj ection exposure apparatus which uses the photomask, when a



In the case where a conbination of the imges of pattern units sel ected
fromthe patterns of parent masks is transferred, various kinds of 21 JUN2002
phot omasks (working reticles) can be produced in a short period of tine
with little use of a |l aser beam|ithography system an el ectron beam

|'i thography systemor the |ike. This3%rovides the advantage that phot omasks
whi ch can be used at the tine of manufacturing devices of a many-types and

smal | - qyapiq. t&B nn&%ggg fhat isv&ﬁamédi%p @fngh h@fuauéeﬁl ﬁmg@@@\ﬂ?%m@uced in

a short period at a low cost. Since working reticles can be
pr oducetd)gﬁthcralsslﬂ@Mseperpmmbtmh image ,26Bhwhighi is thh@adequgé%om Bi§i.rig able to

h h
ot oA S UL THRgp BoBROrETt I e ShEHES b %aﬁfsﬁﬁa@eﬁéﬁwaién hot omask
pr oduci {Lgargﬁérpgrdthgfhk{: gf ﬁw r@x}‘nﬁmr{ Ofdsist n]%ﬁttteglez[rgg{u%bcsl %ﬁh ﬁhQ?ﬁ/ nég ection

manuf ac ng appar-at us of §IRVERITEN 2 {o16 produci ng

met hod iafaged26P andVE6A bffhe idwmamt&wm@ftheam@gewalcpattmmm shewadd RIGE h a hi gh
preci sion. The method of panufacturing a device by transferring a
conbi nal% g gempleting the yeukie reticle 340 Units sel ected fromthe patterns of

parent masksy F&aéssérgfal ﬁPg:%Ofd@Qﬁc H*%Pr% £ YlarieS 244 aﬁ‘&Jg&B “dhYtRE s@tate 4 in

smal | -quantity production type ca e manufactured 1n a short period of
time. ad@incgliNtidefbadimentaad.v fisthis cade,metheainoéf perfoduiigrgductiphdtaosfesk havi ng

t f ttern f t h t | d
Dat t o rofhe Baient PRITEY BF g e HHED HinRbehorGEERTEL Hshr 4R e fioks;
novi ng zﬂlgﬁhh@ﬁtt mafe 30K ahal ZIB)N6G REES knaslep Te®dé RiOQi SRk ueafeaﬂéedrrﬁﬁks such

that t t?ansferred the positions of the latent images of the marks may be detected at the time of
transferring the reduced images of the parent patterns of an adjoining master reticle, and
the transfer positions of the reduced images of the parent patterns of the adjoining master
reticle may be corrected from the detection results. The position of the shot area on the
substrate 4 where the reduced image of the next parent pattern is to be transferred may be
determined using both the alignment marks 24A and 24B and the latent images of the
aforementioned marks. Exactly as in the above-described first embodiment, positional
information that is acquired by detecting the latent images of marks in each of at least two
shot areas where the reduced images of the parent patterns have been transferred may be
subjected to an averaging process Or a statistic process to determine the position of the
shot area on the substrate 4 where the reduced image of the next parent pattern should be
transferred.

In this example, one shot area on the substrate 4 is double-exposed by using two
sets of master reticles Qi and Ai. Therefore, the amount of exposure given to the substrate
4 by the first exposure using the master reticle Qi is made equal to the amount of exposure
given to the substrate 4 by the second exposure using the master reticle Ai. That is, it is
desirable to set the amount to a half of the proper exposure amount that is determined in
accordance with the sensitivity characteristic of the photoresist. It is to be noted however
that the total of the amounts of exposure given to the substrate 4 by the first and second
exposures has only to be the aforementioned proper exposure amount, and the amount of
exposure given to the substrate 4 by the first exposure may be made different from the

amount of exposure given by the second exposure. When the amount of exposure given to

the substrate 4 by the first exposure has not reached a target value (half of the proper



patterns thereof are transferred to different positions on said substrate;
and transferring reduced i mages of each of said patterns of said pITufl2002
parent nmasks onto said substrate. 2. A nethod of producing a phot omask
having a transfer pattern forned thereon, conprising: segnenting an

enl arged pattern of said transfer p&4tern into Msets (M being an integer
equal to or greater than 2) of patterns of plural parent masks; and
transf exposiek dRslHEE for XBABR, 2 amSt&IfRepRureShackxpbdds Me ﬁ?geeomuagﬁl&s, for
each of said sets,” onto a substrate for said photomask at™ different

posi t i @fighe arapepexpasurs amownt) sheile beximmured tofthe aubstratebs toyathe seeindg said M
sets of plural parent masks such that reduced i mages of patterns of the
ot her s"'é’t[’)%s“{)"r said plural parent masks are transferred to a predeterm ned
regi on on sawgens ftixhmpR, @hs¥/phtedinPardeiselaRd phttdakeare forteddnitRE Brigihalone set
of said plural parent masks is transferred. 3. The photonmask producing
met hod palders 2diin 16 o7.che expasure geadisions, d &i, dhevshape andsizpef theragertwst sippur al

parent .nasks, are.a plurglity o atterns seqgmented .fromsaid enl.arged
Dot tor it O DuftaiaRee sysbplnBF coRfeRerEOE LD L pEre B oS e

phot Om%?é&td?é Of i gﬁjéméﬁ‘%gti@a@ GQEEth g of 91e01$1€H ﬁ’ihf ,be"&gﬁﬁﬁic'a it REGHIEAe! NI

nmet hod fTor at | eaSt one set of "patterns of plural parent nasks In said M
set s ofwithathe pamest pdttepd Ai abt grdy dont thermsastep attickas Rl tbi RNeus afsp don & kiaglef or

anot her_predet erm ned set. of patterns.qf .plural parent masks... 2 1 JU(~
5007 SE T steBafin BesF e K RaaiodS sblified R SRipst ARG Aer i n a

| east @RAe@fhined opfidal EilteS(aldo-dallbd plipiP Alter) mayiiekifiserted 2 tdindVed Fiom e patterns
of plural parent masks includes a |'inkage area for another predeterm ned

set of visiityepfnthe pupid plang| of ghe rrieqtignlapticy symtemed sk wrcabled Presresgiva

phot o havj g L S NG eS 1: Qs ar ged

% AR g YA ) DB s A o SR il by
system 3 and the surface of the substrate 4 within a predetermined range in relative to each

other may be used together.

Even with regard to the master reticles Q1 to QN, when a parent mask pattern
includes isolated patterns such as contact holes, it would be better to employ the so-called
progressive focusing method which moves the mask substrate along the optical axis of the
exposure optical system while the mask substrate is being exposed with that pattern. Or,
this progressive focusing method may be used together with an optical filter which is
arranged on the pupil plane of the projection optical system and shields the illumination
light that passes a circular area about the optical axis. Or, a parent mask may be a phase-
shifting mask, the 0 value of the illumination optical system may be set to about 0.1 to
0.4 and the aforementioned progressive focusing method may be used together.

With regard to the master reticles Q1 to QN, a photomask is not limited to a mask
comprising only a light-shielding layer of chromium or the like, but may be phase-shifting
masks of a spatial frequency modulation type (Shibuya-Levenson type), an edge
enhancing type and a half-tone type. In the spatial frequency modulation type and the
edge enhancing type, particularly, the phase shifter is patterned to overlap the light-
shielding pattern on the mask substrate, so that, for example, the parent mask for the
position shifter should be prepared separately.

As described above, the original pattern 2 of the working reticle 34 in this
embodiment is formed by performing overlapping exposure of the reduced images of the

parent patterns of two sets of master reticles R1 to RN and Q1 to QN. In this case, pattern



segnented patterns; transferring reduced i mages of each of said plurality
of segnented patterns onto a substrate for said photomask at diffaLgGthmz
positions; and transferring a reduced i mage of one of said segnent

patterns and anot her of said segnented patterns of which at |east a portion
Is identical to said one of said seghented patterns onto said substrate
such that said one of said segnented patterns and said another of said

SEgEn S‘sg pro £’V§n9t s Qmaﬁnct gt &“%vhfcﬁ'ar%ﬁﬁé\%ﬂ%t iriletirfiﬁt)f w?nn? oo of

phot o ¢ing ne accor ereln

sai d othe pafcnspatdnsagmmsmmeres shfﬁandc&a:bd thokdevo seits sfammktererguit&m ed

patteri,ﬁ atr@e i denti cal and sai d ot her of ga I d segnented patterns includes
Q{C

a patt &> deuRle SaPasyra of the EsHerdCmages ofd ?P%)'F"'s!?i'i“amﬁl thase {30 8¢!s segrent ed
patter 8. The
Phot onoCpA R SENAL Ll BRS Al el okt paGHF iflrs VARG i WRE Widhgna L T

at a tsoferthfof shelithography yysltmrﬁm‘fmastdmgloi@ddcgdhemﬂgepossiblpm foemrtbe of sai d

pl ur al ar nt. nma surface, of s substrate, a reduction

pr oj ec‘t" é’?ﬁ%?ﬁ'&é’@ﬁp‘ﬁ?&% e‘b‘ﬁ S4B'HB§ EPW3Nre type or a reduction
proj ecti on WHeASHE ﬁn@%&p@hﬁﬁngschﬁlfac@n&f@mih@%rﬁé&ﬁﬁ%ﬁg& Y)P%é ofé%h@&t ively
used in accordance h the use of said photomask. 9

pr oduc¢)¢pgsmtapmataww ysasghe woeking ttisleci4 isingt insthe ideal statw\ﬁi@reefu)nsm atine
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char acired SinistciPh wagds eechncelRBE thedistéréibal ope ke BEthe tinferdfprejactamnpttherasks i s
corrected in accordance for at | east one of a rotational asymetric

aber r afefvsied Amage ofi the parent @ﬁtt@nailamt Splysfor thegpastergeticle i |b8halé‘btf<ifdhi= system
of a p@gdtﬁ‘rgrulﬁlﬁ GiXBRrHES tlibogg ‘é@rhﬁ@miége&e%?ét 1iBH Rh 9B Stistics and L - JUN

2007 _ e phot onas uci ng- net according to any one of cI ai ns
1 to 750 ﬁnﬂbmhbmid@m;trrpm'ﬂ oui’@sdxrdmgl)f, whenh¢he werkihg meticle duistused) apriojaget i on. 11.

A nmeth d duci n hot.opask _havi ng a pr.edeterm ned transfer circuit
at ter e dp aRieal Ginht ol USSR BieCh R

predet er m ngdoRalléEskew eredruchitly isqitedueed 67 l pdjettidnyexpbsure bpiratus 6f 4 S
respectively corresponding to one or a plurality of circuit blocks in said

t r ansf&4p andissen typp Maydead r&mdtbw&ﬁ@rv@meﬁbe aatwﬂbmaeiqﬁ fachyRasiergetide, d
pat terf (il § niGh&Sk a6 iRl (RANMeS drd?fat §Ritfhe of exposing the pattern image

of each master reticle for each of the master reticles Pi and Qi.

In this embodiment, of two sets of master reticles R1 to RN and Q1 to QN, those
master reticles on which cyclic dense patterns or the like are formed may be phase-shifting
reticles.

Although the same parent patterns are formed on the two sets of master reticles R1
to RN and Q1 to QN and the images of the parent patterns of those two sets are exposed in
an overlapping manner in the same shot area on the substrate 4 in this embodiment, the
parent pattern 36 in FIG. 7 may be divided into two sets of parent patterns with different
layouts (segmentation boundaries), and the reduced images of those two sets of parent
patterns may be exposed on the substrate 4 in an overlapping manner. In this case, if the
first set of parent patterns in those two sets are N parent patterns PI1 to PIN in FIG. 7, the
reduced images PI1 to PIN of those parent patterns are exposed as the projection image
26P while being connected together in the pattern area 25 on the substrate 4, as shown in
FIG. 9A. 1t is to be noted however that FIG. 9A shows the case where N = 25.

If the second set of plural parent patterns are patterns obtained by segmenting the

parent pattern 36 in FIG. 7 at the Y-directional center positions of the parent patterns P1 to



parent mask on a substrate for said photomask in a predeterm ned positional
relation. 12. The phot omask produci ng nethod according to claim 1] Jyheigi n
said circuit block corresponds to one of a CPU core section, RAM section
and ROM section in an integrated circuit and standard circuit block for a
standard cell. 13. The phot omask pr@&&uci ng met hod according to claim11,
wherein as said parent mask, plural parent masks are prepared on which

di ffer @N, redick®imagesi BI3 theBIBO Wi the kdcoh@ IsétesrDpuretit Rttt s dird tRgdRed achr cui t
bl ocks in said transfer circuit pattern are forned, and éro ection inmages
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of an MfemIPsMEE rdddaed e PI10 ddd thob pienstee also exposed in an overlapping
manner.

Execution of such exposure not only averages the write error between master
reticles to be subjected to multi-exposure but also averages the distortion of the projection
optical system 3 and variations in the transfer line width in the exposure area. It is
therefore possible to transfer reduced images of the parent patterns onto the substrate 4
with a higher precision.

That is, as shown in FIG. 10A in an exaggerated way, even if the distortion as
indicated by arrows DRL occurs in the exposure area of the projection optical system 3 in
FIG. 2, when an image which has been transferred by using the right half FR thereof and
an image which has been transferred by using the left half FL. are combined (multi-
exposed) as in an image SA in FIG. 10B, the total distortion is reduced as indicated by
arrows DT due to the averaging effect. Further, because the second set of reduced images
BI6 to BI2S stretch over the Y-directional boundary of the first set of reduced images PI1
to P125, the linkage error in the Y direction is reduced by the averaging effect.

Although the second set of parent patterns are separated at the Y-directional center
portions of the first set of parent patterns in the above-described example, the second set
of parent patterns may be separated at the X-directional center of the first set of parent
patterns. Further, the secc ad set of parent patterns may be separated in the middle of the
first set of parent pattcms’_in the X direction and the Y direction. In this case, if the first
set of parent patterns are the parent pattern 36 segmented into four lengthwise and
breadthwise in FIG. 7, Jhe reduced images PI1 to PI16 of the first set of 16 (= 4 x 4)
parent patterns are exposed as the projection image 26P while being connected to the
pattern area 25 on the substrate 4 as shown in FIG. 11A. Thereafter, reduced images CI1

to CI2S of the second set of 25 parent patterns are exposed as a projection image 26C



an image of said pattern unit of said parent mask reduced i mage of said
pattern unit of said parent mask is transferred. 17. A photomask producin
apparatus conprising: a mask retaining unit that retains a plurali N lUfNZUU%
masks; a mask stage on which a mask selected fromsaid mask retaining unit
is placed; a projection optical syst¥mthat projects a reduced i nage of a
pattern of said nmask on said mask stage onto a substrate for a photomask; a
subst r ayeBedfieonhi@dtePRSthé pARn arth 350nNAR¢ EdsRatOD 28 RO PRY.AEBRdIgUI ar to
an optical axi's of said projection optical system and an alignnment system
t hat alshifting theisdgmentktiomarsas of theisécond sejenf\patent patiethssnithe Xadirecuon sl d
substrateyst.age in.order, t.o.transfer reduced . ma atterns of said

ot edet api e bis A e kb B oS in b8 S UG RREfech 4P eReE LR Behor e n
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patterns of an enlarged pattern of a pattern of a photomask to be produced
are forned rlegppekimpleythe ngmbane! HAGIP Rsusesold et Hgpitash b, (hyt Beseor di ng to
claim b Sl ' | ' pattern
ot s oS sTE et eyt A bl Earled Bliblrale? bFIEHR St BB POt S0
masks and prAdektiptién wilheede gives of ohe Saintplsef the bpdativil inahdcdsy whaied pr o)
ection optical systemon said substrate for said photomask, and wherein
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SUbS”%ﬂae%‘b@?@-dés@ﬁQéﬂﬁﬁmfeE transfer said reduced i mage sel ected by said
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of the working reticle 34, held on the not-illustrated reticle stage via the projection optical

system 42 having a reduction magnification 1/8 (B being 5 or 4 or the like). A
photoresist is applied on the surface of the wafer W and its surface is so held as to be level
with the image plane of the projection optical system 42. The wafer W is held on a
sample table 43 via the not-illustrated wafer holder and the sample table 43 is secured onto
an XY stage 44. The wafer W is positioned by driving the XY stage 44 based on the
coordinates that are measured by moving mirrors 45mX and 45SmY above the sample table
43 and a corresponding laser interferometer.

A reference mark member 46 on which reference marks 47 and 47B are formed is
fixed on the sample table 3, and alignment sensors 41A and 41B for alignment of reticles
are laid above the alignment marks 24A and 24B that are so formed as to sandwich the
pattern area 25 of the working reticle 34 in the X direction. In this case too, the working
reticle 34 is aligned with the sample table 43 by using the reference marks 47 and 47B, the
alignment marks 24A and 24B and the alignment sensors 41A and 41B. In performing
overlapping exposure thereafter, alignment of individual shot areas 48 on the wafer W is
carried out using the not-illustrated alignment sensor for the wafer (e.g., the alignment
sensor in FIG. 2). After the shot areas 48 on the wafer W to be exposed are sequentially
positioned to the exposure position, the pattern area 25 of the working reticle 34 is
irradiated with the exposure light IL1, such as the excimer laser beam, by the not-
illustrated illumination optical system, thereby exposing an image 27W, which is the

original pattern 27 in the pattern area 25 reduced to 1/ 8, in the shot area 48. After the

reduced image of the original pattern is exposed in each shot area on the wafer W in this



of said predeterm ned pattern into patterns of plural parent nmasks; noving
a substrate for a photonmask, for each of said parent nmasks, such thaé
patterns thereof are transferred to different positions on said subs HaW@;ZUU?
produci ng a photomask for real exposure fornmed with said first pattern by
transferring reduced i mages of each 3 said patterns of plural parent nasks
onto said substrate; and z ~ ~uN ?00~ 61 transferring a reduced i nage of

sai d fixﬁﬁﬁneﬂﬁéﬁﬁt@r?@k@gl@:ﬁc&ﬁicﬁa prRbRNARK af Qichin®dds eREMAE)SE tR ki d body.

20. The device manufacturing nethod according to ¢l ai m 19, wherein said
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phot omask for real exposure on which is forned said first pattern is
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of said plural parent masks is transferred, 21. A nethod_ of manufacturing a
devi ce PFesess gy the Resionnl anfameation of those matkst The EGE systsm is disgigred BbfQ3r i si ng:

form ngzxﬁrflg%gfaa&dewUﬂéxﬁﬁhgcfp{tém APIiEARMOPR: PUbQUEAND. 61-424B) daalsi ty of

circuit S conpri sing east ‘one portion of a second circuit pattern
whi ch icerrespboding df.S e Ratantg¥or4180617,;andeht disglosurts imsthippublisatiom ind tied
predet (ﬂ? ga?cqlt %rieri%g(;rfaorg%%th%xteri]ﬂ b;' ?etfgrcg&eas%rpart of the present description within
what is permitted by the domestic laws of the country specified or selected in this
international application.
A reduction projection exposure apparatus of a scanning exposure type, such as the
step and scan system, may be used as the projection exposure apparatus for exposing the

working reticle 34.

[Third Embodiment]

A third embodiment of this invention will now be described with reference to the
accompanying drawings.

FIG. 13 is an explanatory diagram of a method of producing a photomask
according to the third embodiment of this invention. As shown in FIG. 1C and FIG. 1D,
photomasks to be produced in this example are working reticles WR, WR1 that are used at
the time of actually manufacturing a semiconductor device. On those working reticles
WR and WR1, patterns Pr equivalent to two alignment marks are so formed as to
sandwich the original pattern, and a pattern Pw which becomes a wafer mark after being
transferred onto the wafer is formed in the original pattern.

Further, the working reticles WR, WR1 of this example are used in reduction
projection of 1/ 3 via the projection optical system of an optical projection exposure
apparatus as per the first and second embodiments.

The working reticle WR in this example is produced by forming a thin film of a
mask material on a predetermined substrate, applying a photoresist, then transferring

optical images of equal magnification or reduced images of a plurality of circuit pattern



pl ural parent masks which have been segnented in units of said circuit

bl ock; producing a photomask for real exposure on which is forned gdi $UN 2007
first circuit pattern by transferring reduced i mages of each of said
plurality of patterns onto a substrate for a photomask in a predeterm ned
positional relation; and transferrimp a reduced inmage of said first circuit
pattern fornmed on said photonmask for real exposure onto said body. 22. A
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a pattern of a photonask for real exposure onto a body, wherein at a tine
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substrate for said photomask in accordance with each of said | ocations. 2
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accordiwg.to claim 11, wherein said photomask has an alignment mark at a
pr edet er m ned p05|t|onal relationship with said transfer circuit pattern,
forms a nar {n tiy ease,ms showiyin BGs 438, acirqyi patien vait Pasquivalent tear @ nask, and

f k.
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pat t er Aecceds Mdsmnmyj fa&lrctht pattezd otit Bt bquivaierd tmamen@rﬁacmbssrmhtrblyer(ahd Ci r c uit
bl ocks olthrér gitrculltepaa%t%maumts Ide anﬁ| Pe as one example of a semiconductor large-scale
integrated circuit (LSI) are formed in the pattern area of the first master reticle MR1.
Those circuit pattern units are separated from one another by a light-shielding film SA,
and a pair of alignment marks RA1 and RA2 are so formed as to sandwich the pattern area.
As shown in FIG. 13B, a circuit pattern unit Pf equivalent to a ROM (Read Only
Memory) as an LS, a circuit pattern unit Pg equivalent to a DRAM (Dynamic Random
Access Memory), and circuit pattern units Ph, Pi and Pj equivalent to a gate array, which
is a collection of an NAND gates or NOR gates having two to four terminal inputs, are
formed in the pattern area of the second master reticle MR2. Also formed in the pattern
area of the master reticle MR2 are a circuit pattern unit Pr which becomes an alignment
mark for a working reticle and a circuit pattern unit Pw which becomes a wafer mark. In
this master reticle MR2 too, those circuit pattern units are separated from one another by a
light-shielding film SA, and a pair of alignment marks RA1 and RA2 are so formed as to
sandwich the pattern area.
In this case, patterns Pb, Pf, Pj, ... in the pattern areas of the working reticles WR,
WR1 in FIG. 13C and FIG. 13D represent images of the circuit pattern units Pb, Pf, Pj, ...
in the master reticles MR1 and MR2 in FIG. 13A and FIG. 13B projected at a

magnification of 1/ @ (@ being 1, an integer greater than 1 or a half integer or the like

greater than 1). @ is desirably an integer greater than 1 or a half integer greater than 1,
such as 4, 5 or 6. In this case, the patterns Pb, Pf, Pj, ... in FIG. 13C and FIG. 13D are the
reduced images of the circuit pattern units Pb, Pf, Pj, ... in FIG. 13A and FIG. 13B.

In this example, at the time of producing multi-type and small-quantity production

type devices, such as ASICs or system ICs, first, first original patterns which are the



of said transfer patterns, wherein at |east a portion of a transfer pattern
formed on one of said plurality of photomasks is segnented in units,of '9
circuit block, and a plurality of first patterns of said segnented %@Hyﬁgw
are each transferred onto a substrate for said one photonmask, and when a
portion of a transfer pattern fornmedOon another photonmask different from
sai d one photomask includes a circuit block which is identical to that of

said o 1 A r [ [ i 4..bl ock,
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menory portion, and a gate array. 27. produci ng et hod
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| east a portion of an enlarged pattern of said different transfer pattern
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I ncludes at_l east a portion of a pattern unit corresponding to said circuit
bl ock. 31. Fife 1$RbAvnhRICISSHOR EPEIOSEreREPHAYS FY nHrmgeths RIPELHOBO, wherein
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bl ock ast a portion of said transfer pattern, and at least a
por t i oh#, tfe exposumé¢ Highydbl thesist gemerateld feom d lightoufces suplag @ merdusy lamp, a

KrF excimer laser (wavelength of 248 nm), an ArF excimer laser (wavelength of 193 nm)

or F, laser (wavelength of 157 nm), or an exposure light source 101, such as a harmonic
generator like a YAG laser, has its illuminance distribution made uniform by a uniform
illuminance member 102 such as a fly-eye lens, and is then irradiated on a reticle blind
(variable field stop) 104 via a lens 103. The reticle blind 104 is placed on a plane in
conjugation with the pattern surface of a reticle to be exposed, and is constructed in such a
way that an illumination-system control system 108 can set the shape of the opening of the
reticle blind 104 to a rectangular or the like of arbitrary dimensions and set the position of
that opening to an arbitrary position via a drive section 104a. A main control system 118
which performs the general control of the operation of the overall apparatus specifies the
position and shape of the opening of the reticle blind 104 to the illumination-system
control system 108. This can allow only the desired circuit pattern units Pa to Pw to be
illuminated when the master reticles MR1 and MR2 in FIG. 13A and FIG. 13B are placed

as reticles. The main control system 118 also instructs the timing of emission of the



segnented in units of said circuit block. 32. The phot omask producrg

met hod according to claim31, wherein said photonask i s used in the 1 JUN 2002
production of a sem conductor device, said plurality of circuit blocks have
different functions, and include at |east a nenory part or a gate array.

33. The phot omask produci ng net hod 4tcording to claim 32, wherein said
photomask has an alignnment mark at a predeterm ned positional relationship
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pat t er 4 ine@éiréatdrNiEdn 1 or a half integer or the like greater than 1) on a substrate 50 for
the working reticle WR, which is a substrate to be exposed by a projection optical system
113. A mask material is formed on a pattern area 55 (see FIG. 15) on the substrate 50 and
a photoresist is applied in such a way as to cover the mask material. In the following
description, the Z axis is parallel to the optical axis AX of the projection optical system
113, the X axis is parallel to the surface of the sheet of FIG. 14 in the plane perpendicular
to the Z axis and the Y axis is perpendicular to the surface of the sheet of FIG. 14.
At this time, the reticle stage 110 positions the master reticle MR2 in the X
direction, the Y direction and the rotational direction. The position of the reticle stage 110
is measured with a high accuracy by a not-illustrated laser interferometer, and the main
control system 118 controls the operation of the reticle stage 110 based on this measured
value. Arranged above the alignment marks RA1 and RA2 (see FIG. 13B) of the master
reticle MR2 are reticle alignment microscopes 109A and 109B whose detection signals are
supplied to the main control system 118.
The substrate 50 is held on a not-illustrated substrate holder by a vacuum, and this

substrate holder is fixed on a sample table 114 which is secured onto an XY stage 6. The



segnenting said transfer pattern into a plurality of patterns, and when
transferring a projection i mge of each of said plurality of patter?? QQ?%
a substrate for said photomask at different positions, adjusting at Ié !
one of a transfer position and i maging characteristics of said pattern on
sai d substrate based on transfer chatacteristics of said transfer pattern

I n an exposure apparatus which uses said phot omask. 21 JUN 2002 65 41.
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14 the second master reticle MR2 is placed on the reticle stage 110. Of those master
reticles, the master reticles MR1 and MR2 are the master reticles in FIG. 13A and FIG.
13B. The shelf 112a in the reticle library 112 is movable to a desired position in the Z
direction under the control of the illumination-system control system 108, and a reticle
loader 111 having an arm rotatable and movable in a predetermined range in the Z
direction is located between the reticle stage 110 and the reticle library 112. The
illumination-system control system 108 is constructed in such a way that after adjusting
the position of the shelf 1° 2a of the reticle library 112 in the Z direction, it controls the
operation of the reticle lo’ ler 111 so that a desired master reticle MR1-MR4 in the reticle
library 112 can be exchanged with the reticle stage 110.

Connected to the main control system 118 is a memory unit 118a, such as a
magnetic disk drive, in which an exposure data file is stored. Recorded in the exposure
data file are the mutual positional relation and alignment information of the individual

circuit pattern units in the master reticles MR1 and MR2 and the mutual positional relation



LAUY*JZ, W

“Cl'I | wr mhe”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c<al] c&d] e
]ca] ca]ca] ca] ca]ca] cal]ca]ca]ca]calca]c<al!l! "i"t""

HHEHHNST SSENARL &q&&' g' ' (c({(((K)))* **}xsnid_Z]]ca] ca] ca] ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] céBca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]cal**
*, AO>5K5Mb; =1l@@"d JJIMJ O

BRRZUGH dihiflend inforifatiefB Y e fikd sﬁha&g}ogaifeﬁhﬁ c§ Mihi malopting] ca] cal ca] cal ¢
a] ca] caj caJca ca]nca] caJ ca] ca] cal ca]ca] Ca] ca]ca]ca] ca]calv GcyeMjjjnprtt uuj
Vi ]y~l ]thi]thSJjVé&an W kaU] ca] ca] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cal cal] cal,calcalcal] cal calcalcal calcal . x$x&D?e#r YN 1 xsnid_Z] ca

ca] ca] ca] ca%%\f%ﬁ'}é&?t%ﬂ %’ﬁi’f’%‘ﬂf% “%%ﬁe]cfgj %’afﬁﬁfégﬁi’aﬁ@f&é’f@aﬂ%ﬁ a] cal Ea} ca}
ca] ca] g ¢4l el sabselsad.! YaGZC-26) O SA{ val gb] X] ¢] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] caV] ca] Eg’g ca] ca] ca] ca] ca] ca) ca] ca] ca] ca] ca] ca] iﬂca} cal ca] ca] ca!

47]J[ G]TV\BGI TinIGy & ex|tbé majterieticl MR L i5]loaded autheaetielf stage A1 G hist dhecal] ca] ca]
cajcalcalca c | { +

{###$a§%&fﬁ%§%ﬁl fégrgﬁcir%%’ggg&%?@éﬁﬁbﬁg}:ﬁ‘} @j})g%ggffl{fgfecgf%(arf%%?%a] ca] ca] ca]
caj c_:it_] Bﬁﬂl:(a?d ?a&aa}é% f@}aﬁg};}@ﬁ]ﬁp&@@d &red 6fxhe plojationbptidat systemd tH] ca! X5555Db: v:
s T=1 >k>t >{>@E" B9

[ ft[ [ j \ toptigal gais x| Theaetpe sth'@k%vaviiap@awaicwmf 4894 and 1998 gpeire®ecal cal c
ajcalc : L LKKAL T T T

Ft uxt x?ﬁ%f@ﬁllﬁl ﬁ%adg]g%g?ég%gi %ai cﬁ?]cﬁfdc%%gfdc?ggﬁggfggﬁ%ﬁ] caj ca]mggfggf
cia] cia] cetitle MR hjnvith|respectad el refefenat amtksa]leadndaf18abnd dlipn"tB6inasteojedclE V] | ca) ca]
a] ca] cal cal.

2] cal BRI e cafe e A SHALTHsE e sy EXAely e ABPES B oo Ca oo ¢
lc positional deviation become nearly symmetric and are minimized. R

a) ca] ca] ca] cal] ca] ca] ca] caeqca] ca&i:a] caj ca] ca] ca] ca] ca] ca] cal ca}lca] calR cTo

(4, 94" " . | Swbsbauenly therlielabbing 464 tsapset asdg dlumipate aplysfor eyasepledhe
g} gg} g@icgg%"gg%’@%'ﬁ% 59‘3}5@2‘3’%3@%@%52&&9@&8&;?‘1 BIYAGTHRRE DS LLL{val gb\ W]

] Cia] C] position of the projection image of the circuit pattern unit Pa to the designed position on

"a] ca] ca] cal.ca] ca 3

L LRSS AR LAl 8 o B S il L
| 021 1dchdsed e HsE ] SRl GGl G aFkRahaalaal o3l ca) cal ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Y[\\ U\ V. aanaaaYbbb?cccc
) e e o o b i e o o ol
G ! i
KIT1nll * ngcnﬁ%égt]rl\‘? 5J_t fﬁ ?Q@Zﬂ“gg}% g%%g]k@g %éﬁ\f%?g'?gelafl@g‘ﬁg 5{"((': a?ézg Kk aj J(:aj] cjaj] cajc
R i N T A PR A
] ca] caf st PatTRMRY PO Decomesiie ulpp on theworkingretide WR.20d 111\ 1 4u@
- Vn} xsgiptiad 1d @l i hgad CrhGalierlisaldicalsalicalanl pahsabe sl arlmalsal cal cal ca
] ca] ca] ca] ca) ca] ca] ca] ca] ca] ca] ca] ca] cal AUG*"-Vnm} xsnid _Z]]]c]ca]ca]ca]calc
2} gg} grapda ¢ z} i@ﬁﬁp&@dp@ a}sma]a; a]fﬁﬂac}lrdgpw}- c%}r&g}}m}s deqizggﬁdapp%%nz] ? ?] calcalc
* 17i & () - UR ()-Z J0Y& (J)-10%R.()-10%R ()-s
Qoo 15 gt oM ormadiiatloniod sk didehdibhntdintd 1 ve: ()31 100
" () - G Muh@¥4ion) thd @&alug or ﬂxﬁ’m)é\'f(d]tﬂg@x réQ@onditions (the numerical aperture

10! 9<109& ()-3-1109& ()-3-! 109& ()- 9409 () - 3+109& ()-  b}[ <YNCFLM 10 !10%
h& () - d3hd Seodre @nouhGoftbeprofclivn optitall Hitein HS, (he-use 0De k& calledsleB% h&’ () - b

rSas 10[%&18& ;VO q‘c%%qglf(s) the éLlPrfa%e #of &1% sﬁbs?rag'eOSd#in#l!leof‘!dljiggt/?oﬁ i# ‘rgélgt?v_c tg ‘Fﬁel()% h& () -

image plane of the projection optical system 113, etc.) depending on whether the patterns

of the circuit pattern units Pa to Pd are cyclic patterns or isolated patterns or the like. For
example, annular illumination may be used for cyclic patterns, and the flex method may
be used at the same time for isolated patterns.

Next, exposure using the master reticle MR2 which has different circuit pattern

units is performed. The reticle loader 111 in FIG. 14 loads the master reticle MR1 outs to
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projection image of the circuit pattern unit Pf becomes the designed position on the

working reticle WR, and exposure is carried out again. Thereafter, exposure of the circuit

pattern units on the master reticle MR2 is sequentially executed in a similar manner.

For instance, as shown in FIG. 15, when the illumination area 52 is so set as to
surround the circuit pattern unit Ph on the master reticle MR2, there are five designed
projection positions for the circuit pattern unit Ph on the working reticle WR as apparent
from FIG. 13C. By driving the XY stage 116 in FIG. 14, therefore, five to-be-exposed
areas 53A to 53E on the substrate 50 are sequentially moved to the position of the
projection image of the circuit pattern unit Ph to execute exposure as shown in FIG. 15.
Further, the images of the circuit pattern units Pr equivalent to the alignment marks in the
master reticle MR2 are respectively exposed on two to-be-exposed areas 54A and 54B
which sandwich the pattern area 55 on the substrate 50 in the X direction, and the image
of the circuit pattern unit Pw equivalent to, for example, the two-dimensional wafer mark
in the master reticle MR2 is exposed in an area close to the to-be-exposed area 54B in the
pattern area 55.

The selection of the individual circuit pattern units on the master reticle MR1 by
the reticle blind 104 is not always made so as to select a pattern completely in the contour
of each unit, and the exposure light IL may leak into an area of about 1 mm in width
around the contour of each unit. To prevent the leak light, therefore, the light-shielding
film (light-shielding band) SA comes between the individual circuit pattern units on the
master reticle MR1.

After the above-described exposure is carried out, the photoresist applied on the
substrate 50 is developed, and the light-shielding film of chromium or the like on the
substrate 50 is etched (patterned) to conduct resist separation or the like with the formed
resist pattern used as a mask, thus éomplcting the working reticle WR in FIG. 13C. A
light-shielding band (light-shielding film) WSA is left around the circuit patterns on the

working reticle WR (the patterns formed by the aforementioned exposure) in order to
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negative type, the portion where the light-shielding band WSA is to be formed should be
exposed. When a negative photoresist is in use, therefore, the exposure time can be
shortened by forming a pattern having a "rectangular opening” to efficiently expose the
portion of the light-shielding band WSA on one of the master reticles MR1-MR4 and
exposing the image of the rectangular opening.

The working reticle WR1 which is partially shown in FIG. 13D can be produced
by exposing the projection image of a circuit pattern unit selected from the master reticles
MR1 and MR?2 at a predetermined positional relation. The production of different types of
working reticles WR and WR1 using the same master reticles MR1 and MR2 this way can
shorten the projection time for a single working reticle and can further reduce the
projection cost.

Although the patterns of the working reticles WR, WR1 are completed by
combining the circuit pattern units that are selected from the two master reticles MR1 and
MR2 in the third embodiment in FIG. 13, the number of the master reticles is not limited
to two but any number may be used. Further, it is unnecessary to expose all of the circuit
pattern units on each master reticle on the working reticle WR or WR1, but the necessary
circuit pattern units alone should be selected from each master reticle and transferred and
exposed at predetermined locations on the working reticle WR, WR1.

It is desirable that the projection magnification (1/ @) of the projection optical
system 113 in FIG. 14 should be a reduction magnification so that patterns on the master
reticle MR1, MR2 are reduced and projected on the working reticle WR, WR1. This is
because the reduction transfer by the projection optical system 113 can reduce the adverse
effects of the dimensional precision and positional precision at the time of writing patterns
on the master reticle MR1, MR2 by the reduction magnification (1/ @).

A part of the working reticle WR, WR1 formed in the above-described manner
may need interconnection patterns between the individual circuit blocks (an
interconnection pattern Pk in FIG. 13C). As those lines are quite different between
different types of products, it is difficult to employ a method of selecting and using proper

patterns from common master reticles. Such a case may be addressed by additionally
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14, and in FIG. 16, a laser beam writing mechanism is provided in the vicinity of the side

surface of the projection optical system 113. Specifically, a light flux LB1 that is emitted
from a laser beam source ILA1 forms a spot beam on the substrate 50 for the working
reticle WR via a modulation element AM1 having an electro-optic element or the like, a
mirror 121 and a condensing lens 120. The modulation element AM1 is, as one example,
an intensity modulating element which is a combination of Pockels cell, a polarizer and an
analyzer, and the oscillation timing of the laser beam source LA1 and the operation of the
modulation element AM1 are controlled by the main control system 118. The main
control system 118 can permit writing of desired interconnection patterns or the like by
changing the intensity of the spot beam formed by the light flux LB1 by performing the
oscillation of the laser beam source LA1 or the modulation of the modulation element
AM1 in synchronism with the movement of the writing area on the substrate directly
under the condensing lens 120 via the XY stage 116.

In this case, because it is necessary to match the positional relation between the
projection image of each circuit pattern unit in the master reticle MR1, MR2 to be
transferred by the projection optical system 113 and the spot beam of the light flux LB1, it
is desirable to measure the positional relation between both by using, for example, the
reference mark member FM1 prior to writing.

Alternatively, an alignment sensor 122 of, for example, an image processing type
may be provided on the side surface of the projection optical system 113 so that the
position of the projection image of each circuit pattern unit in the master reticle MR1,
MR2 transferred by the projection optical system 113 is detected by the alignment sensor
122, and the spot beam may be aligned with that position. To detect the position of the
projection image of each circuit pattern unit, a latent image (a change in transmittance or
refractive index of the resist's photosensitive portion in an undeveloped state) may be
detected or the substrate 50 after being subjected to development may be placed in the
exposure system again to detect the concave and convex resist images.

The number of the working reticles that require interconnection patterns between
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the overall throughput is not large. To carry out the laser beam lithography quickly, the

mechanism of a laser beam lithography system to be described later, shown in FIG. 17,

which also uses beam scanning, should be employed.

The line width of such interconnection patterns between the circuit pattern units
are generally thicker than that of patterns in circuit pattern units and even direct writing by
the laser beam lithography system does not raise any problem of dimensional precision.

A description will now be given of one example of a method of producing the
master reticles MR1 and MR2 in FIG. 13A and FIG. 13B. The master reticles MR1 and
MR2 can be produced by a reticle writing system, which has conventionally been used
typically, such as a laser beam lithography system or an electron beam lithography system.

FIG. 17 exemplifies a reticle writing system (laser beam lithography system)

N which uses a laser beam. In FIG. 17, a substrate 60 for the master reticle MR1 is held on a
sample table 134 which is secured onto an XY stage 136. The XY stage 136 positions the
sdmple table 134 (substrate 60) on a base 137 in the two-dimensional direction and
rotational direction. The position of the sample table 134 is measured by a moving mirror
135m on the sample table 134 and a laser interferometer 135 located opposite thereto, and
a control unit 138 controls the positioning of the XY stage 136 based on the measured
value.

A light flux LB2 for pattern formation, which has been emitted from a laser beam
source LA2, is reflected at a polygon mirror 131 via a modulation element AM2 for
modulating the intensity and a shaping optical system 130, and then forms a spot beam on
the substrate 60 for the master reticle MR1 by means of an objective lens 133. Coated on
the substrate 60 is a mask material on which a photoresist is applied. The control unit 138
controls the oscillating operation of the laser beam source LA2 and the modulating
operation of the modulation element AM2. Further, the control unit 138 can rotate the
polygon mirror 131 around a rotational axis 131a and cyclically vibrate it around a

predetermined axis parallel to the surface of the sheet of FIG. 17 via a rotating drive

section 132.
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the laser beam source LLA2 or the modulation element AM2 in synchronism with the two-
dimensional rotation of the polygon mirror 131 to two-dimensionally scan within the field
of view of the objective lens 133 with the light flux LB2. Write data which indicates the
shapes and the positional relations of the individual circuit pattern units pa-Pe to be
written is stored in a not-illustrated memory unit, such as a magnetic disk drive, connected
to the control unit 138. The control unit 138 writes the individual circuit pattern units on
the substrate 60 by modulating the laser beam source LAZ2 or the modulation element
AM2 and rotating the polygon mirror 131 based on the write data. It is to be noted that as
the field of view of the objective lens 133 alone provides an area to write, the XY stage
136 is moved every time writing in each field of view is completed and writing is carried
out while connecting patterns between the adjoining fields of view.

After the above writing, developing and etching or the like are performed to
complete the master reticle MR1. The second master reticle MR2 can be produced in the
same manner.

Although an electron beam lithography system can be used in forming the patterns
of the master reticles MR1 and MR?2, it is preferable to use the above-described laser
beam lithography system from the view point of the processing performance because the
processing performance (throughput) of an electron beam lithography system is generally
lower than that of a laser beam lithography system. Although the laser beam lithography
system is inferior to the electron beam lithography system in the dimensional precision of
minute patterns, when a reduction projection optical system is used in exposing the
working reticle WR, patterns on the master reticles MR1 and MR2 can be enlarged
patterns of patterns on the working reticle WR so that the demand for the dimensional
precision is relaxed and the problem of dimensional errors is overcome.

A description will now be given of one example of the steps of manufacturing a
semiconductor device by jurning predetermined circuit patterns on a semiconductor wafer
by a projection exposure ‘[‘pparatus using the working reticle WR that is produced in the
above-described cmbodir.;lent. The projection exposure apparatus to be used in this
example is basically the same as a reduction projection exposure apparatus of a static
exposure type (stepper type) Or a scanning exposure type such as a step and scan system,
which has been used conventionally.

In the third embodiment, as in the first and second embodiments, the optical
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Normally, at the time of forming a semiconductor device, it is necessary to form
circuit patterns accurately, overlapping one on another about 20 or so times (20 or so
layers) on the wafer W, and a wafer mark for the X axis and a wafer mark for the Y axis
(neither shown) are provided in each shot area on the wafer W through the previous
processes. As the not-illustrated alignment sensor detects each wafer mark, the position of
an already formed circuit pattern is acquired and the pattern images of the working reticle
WR are exposed on this circuit pattern, accurately overlapped one on another. The wafer
mark is that pattern equivalent to the patterns Pw in, for example, the working reticle WR
in FIG. 13C which has been transferred through the previous processes.

Each shot area 48 of the wafer W is positioned by using the alignment sensor. At
this time, the alignment result is corrected by a certain predetermined amount (base line
amount). As exposure light IL1 is irradiated on the pattern area of the working reticle WR,
an image obtained by reducing the original pattern in the pattern area by the reduction

magnification of 1/ 8 is exposed in a shot area 44. After the reduced image of the original

pattern of the working reticle WR is exposed in each shot area on the wafer W this way,
the wafer W is developed and a process, such as etching, is carried out to form the circuit
pattern of a certain layer of the semiconductor device in each shot area on the wafer W.

By the way, a recent trend in the market of devices, such as semiconductor
integrated circuits, is changing towards multi-type and small-quantity production type
devices, called ASICs (Application Specific ICs) or system LSIs, so that the kinds of
devices to be produced in a semiconductor factory have increased considerably.

Particularly, ASICs called "standard cells" the demand for which is expected to
increase in the future need reticles for coping with the 20 or so exposure steps for each
kind of device. The standard cell is an ASIC which is designed by a device user by
arbitrarily combining circuit units (standard cells) that have been prepared in advance by a
device maker. Because the user is free to select the types of circuit units, the patterns of
the working reticles quite differ from one kind to another.

Of course, as the dimensional precision demanded for each reticle has been severe,

it was conventionally necessary to write each reticle with an electron beam lithography

system having a low throughput while having a high accuracy.
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standard cells that a device user selects should be preformed on the master reticle MR1,

MR2 or the like, the standard cells (circuit pattern units) selected by the device user
should be selected from the master reticles MR1, MR2 and transferred onto the substrates
for the working reticles WR, WR1, etc.

The above-described embodiment significantly shortens the time needed to write
the original pattern of a working reticle which has conventionally been done with an
electron beam lithography system for each kind, so that the time required for the
development of each kind of device can be shorted considerably. As discussed above,
circuit pattern units can be written on each master reticle MR1, MR2 for producing a
working reticle with a high-throughput laser beam lithography system. Further, in
producing standard cells, for example, writing on the master reticle MR1, MR2 has only to
be carried out once before a device maker publicizes them (starts accepting orders for
them) as standard cells to a device user, so that the effect on the total throughput or the
read time is equivalent to nil.

Of course, the time needed to produce (expose and transfer) the working reticle
WR from the master reticle MR1, MR2 is about 1 hour at maximum per working reticle,
so that the time needed to produce working reticles for manufacturing devices can be
shortened dramatically.

The method of manufacturing a working reticle in this example is not limited to
the method of previously producing master reticles and selecting and transferring some of
their patterns on a substrate for the working reticle, but it does not matter at all if some or
all of the master reticles are newly produced for each new kind of device and working
reticles are produced by using those new master reticles. This method is advantageous in
that it can cope with interconnections that differ from one kind to another more flexibly.

When the reduction ratio from the master reticle MR1, MR2 to the working reticle
WR is large, there may be a case in which it is hard to form a single circuit pattern unit Pa,
Pf or the like on a single master reticle MR1, MR2 at a time. In this case, it is needless to
say that the circuit pattern unit should be separated and written on two or more master
reticles, and they should be connected together to form a single circuit pattern unit at the

time they are transferred to the working reticle WR.
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Although the projection exposure apparatus of a static exposure type (stepper type)
is used as an exposure system which exposes the pattern of a master reticle on the
substrate 50 for the working reticle WR in FIG. 14, a projection exposure apparatus of a
scanning exposure type such as a step and scan system may be used instead.

In the above-described embodiments, the reduced images of a plurality of parent
patterns are transferred, linked together, on the substrate for a working reticle. Although
the boundary between two adjoining shot areas on the substrate where the reduced images
of the parent patterns are respectively transferred is a straight line at this time, the
boundary portion may be made irregular so that, for example, no pattern which stretches
over the two shot areas exists as much as possible. In this case, a pattern which stretches
over the two shot areas, i.e., the connecting portion of the reduced images of the parent
patterns can be reduced significantly, thus improving the production precision of working
reticles. The exposure method in which the boundary portion between two adjoining shot
areas is not a straight line is disclosed in, for example, Japanese Unexamined Patent
Application, First Publication No. 9-190962 and its corresponding U.S. Patent Application
No. 08/781105 (the date of application: January 9, 1997), and the disclosures in this
publication and the U.S. patent are incorporated herein by reference as a part of the
present description within what is permitted by the domestic laws of the country specified
or selected in this international application. As apparent from the above-described third
embodiment, even if there is no pattern which stretches over two adjacent shot areas on a
substrate, i.e., even if there is no connecting portion between the reduced images of two
parent patterns, this invention uses such a representation in which the reduced images of
two parent patterns to be respectively transferred to the two shot areas are connected
together. Therefore, the screen linking of reduced images in this invention is carried out
irrespective of whether or not there is a connecting portion, and uses the concept of
transfcrring the reduced images of two parent patterns, one adjacent to the other.

The projection exposure apparatus for producing a photomask (FIG. 2, FIG. 14,
etc.) which transfers a parent pattern on a master reticle onto a substrate for a working
reticle may use a rod integrator instead of a fly-eye lens as an optical integrator
(homogenizer) which is located in the illumination optical system, or a fly-eye lens may
be combined with a rod integrator. Further, the projection optical system may be any of a
refraction system comprising only a plurality of refractive optical elements, a reflection

system comprising only a plurality of reflection optical elements and a

A
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reflection/refraction system comprising a refractive optical element and a reflection
optical element. The projection optical system of a reflection/refraction type may be any
of an optical system which has at least a beam splitter and a concave mirror as reflection
optical elements, an optical system which has a concave mirror and a mirror without using
a beam splitter as reflection optical elements, and an optical system which has a plurality
of refraction optical elements and two reflection optical elements (at least one of which is
a concave mirror) arranged, without being bent, on the optical axis that extends straight, as
disclosed in U.S. Patent No. 5788229. The disclosure in this U.S. patent is incorporated
herein by reference as a part of the present description within what is permitted by the
domestic laws of the country specified or selected in this international application.

Although the illumination condition, i.e., the intensity distribution of exposure
light on the Fourier transform plane (pupil plane), is changed by using the aperture stop in
the above-described embodiment, the structure may be so made as to change the intensity
distribution of the illumination light on the incident surface of an optical integrator by
moving at least one optical element arranged between, for example, the exposure light
source and the optical integrator. A pair of conical prisms (axicons) may further be
arranged closer to the light source side than that at least one optical element, and adjusting
the distance between the pair of axicons along the optical axis can change the illumination
light on the incident surface of the optical integrator to such an annular shape that the
center of the intensity distribution is higher than the outer side. This makes it possible to
change the intensity distribution of the illumination light on the emerging-side focus plane
of the fly-eye lens and on the Fourier transform plane of the illumination optical system
that is set between the emerging surface of the rod integrator and a reticle, and
considerably decrease the light loss of the illumination light that is caused by a change in
the illumination condition, so that high throughput can be maintained.

A projection exposure apparatus that uses, as illumination light for exposure, EUV
(Extreme Ultra Violet) light of a soft X-ray range (wavelength of about 5 to 15 nm) having,
for example, a wavelength of 13.4 nm or 11.5 nm, which is generated from a laser plasma
light source or SOR may be used as an exposure system for producing the above-
described photomask. In the EUV exposure apparatus, the reduction projection optical
system is a reflection system which comprises only a plurality of (about 3 to 6) reflection
optical elements and a reflection type mask is used as a parent mask.

Further, a harmonic, which is acquired by amplifying a single-wavelength laser of
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non-linear optical crystal, may be used as illumination light for exposure. As one example,
when the oscillation wavelength of a single-wavelength laser is set in a range of 1.51 to

1.59 (£ m, an 8 X harmonic whose generated wavelength is in a range of 189 to 199 nm,
or a 10X harmonic whose generated wavelength is in a range of 151 to 159 nm is output.

*If the oscillation wavelength is set in a range of 1.544 to 1.553 & m, particularly, an 8 X
harmonic in a range of 193 to 194 nm, i.e., ultraviolet light whose wavelength becomes
approximately the same as that of an ArF excimer laser is acquired, and if the oscillation
wavelength is set in a range of 1.57 to 1.58 1 m, a 10X harmonic in a range of 157 to 158
nm, i.€., ultraviolet light whose wavelength becomes approximately the same as that of an
F2 laser is acquired.

As a projection exposure apparatus for producing devices, which uses DUV light
(Deep Ultra Violet light), VUV light (Vacuum Ultra Violet light) or the like generally uses
transmission type reticles, quartz glass, fluorine-doped quartz glass, fluorite, magnesium
fluoride, quartz crystal or the like is used as a substrate for a working reticle in each of the
above-described embodiments. As the EUV exposure apparatus uses a reflection type
mask, the proximity type X-ray exposure apparatus or a mask projection type electron
beam lithography system or the like uses a transmission type mask (stencil mask,
membrane mask), a silicon wafer or the like is used as a substrate for a working reticle.

X Note that the projection optical system having a plurality of optical elements
assembled in the lens-barrel and at least a part of the illumination optical system which
comprises multiple optical elements (including an optical integrator, etc.) are secured to a
frame which is supported by a vibration isolator which has three or four vibration isolating
pads and is arranged on the base plate. Further, the substrate stage is located on the base
which is placed on that frame and the base where the reticle stage is placed is secured to a
column provided on that frame. Then, the optical adjustment of each of the illumination
optical system and the projection optical system is performed, lines and pipes are
connected to the reticle stage and wafer stages, which comprise multiple mechanical
components, and the general adjustment (electric adjustment, confirmation of the

operation, etc.) is executed, which can provide the aforementioned projection exposure
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INDUSTRIAL APPLICABILITY
This invention relates to a method and apparatus for producing a photomask which

is used as an original pattern at the time of fabricating a micro device, such as a

semiconductor integrated circuit, by using lithographic technology, and a method of
\ manufacturing a device which uses such a photomask producing method. According to
the (first, second and third) photomask producing methods of this invention, each of the
patterns of a plurality of parent masks is a part of an enlarged pattern of a transfer pattern,
so that the patterns can be written with less write data and in a short period of time with a
smaller amount of drifting by using, for example, an electron beam lithography system or
a laser beam lithography system. Since the writing error for the parent masks becomes
smaller by the ratio of the reduction magnification of the parent masks, it is possible to
form the transfer pattern (original pattern) with high precision. Further, since those parent
masks, once produced, can be used repeatedly, there is the advantage that in the case of
producing multiple photomasks, each original pattern can be formed with a high precision
and in a short period of time.

According to the second and third photomask producing methods of this invention,
because each of the patterns of parent masks (or segment patterns) is a part of an enlarged
pattern of a transfer pattern, there are the advantages that not only can the patterns be
written in a short period of time with a smaller amount of drifting, but also multiple
exposures can average the writing error for the patterns of parent masks by the number of
multiple exposures, ther7 »y significantly reducing the positional error, line width error or
the like of the pattern of ' -1e photomask to be finally formed (original pattern) and
improving the accuracy.

At the time of cc.)nnecting the reduced images of patterns of parent masks (or
segment patterns) on the substrate for the photomask together and exposing them, the
write error of the patterns of the parent masks or the like is also reduced, so that the

original pattern can be formed with high precision.
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masks in the patterns of M sets of plural parent masks differs from that for another
predetermined set of plural parent masks, or at least one set of patterns of plural parent
masks in the M sets of patterns of plural parent masks includes a linkage area for another
predetermined set of patterns of plural parent masks, images at different positions in the
exposure area of the projection optical system that exposes the pattern images of the
parent masks are exposed at the same position on the substrate for the photomask, so that
the distortion of the projection optical system and an error in the evenness of the width of
the transfer line at a position in the exposure area are reduced by the averaging effect.
Therefore, the image forming characteristic of the projection exposure apparatus that is
used in producing the photomask is substantially corrected. Further, the linkage error is
reduced by the averaging effect.

In the case where at the time of sequentially transferring the reduced images of
patterns of the plural parent masks on the surface of the substrate, a reduction projection
exposure apparatus of a static exposure type or a reduction projection exposure apparatus
of a scanning exposure type is selectively used in accordance with the use of the
photomask, an expected error in the image forming characteristic can be corrected by
previously correcting the image forming characteristic of the patterns of the parent masks
in such a way as to cancel out the error or the like of the image forming characteristic that
is expected in accordance with the usage.

Even in the case where at the time of sequentially transferring the reduced images
N of patterns of plural parent masks on the surface of the substrate, each of the image

forming characteristics of the reduced images of the patterns of the parent masks is

corrected in accordance with at least one of a non-rotational symmetric aberration and a

distortion characteristic of the projection optical system of the projection exposure

apparatus which uses the photomask, when a predetermined image forming characteristic
of the projection optical system which uses the photomask is degraded, the image forming
characteristic can substantially be corrected, thus improving the overlap precision or the
like.

When the photomask is further used in reduction projection, the magnification of
the patterns  f parent masks (or segment patterns) become greater than that of the pattern
of the device which is finally manufactured. This further reduces the effect of the writing

error of an electron beam lithography system or the like which writes the patterns of the



10mm 10mm % ! 10%m&’ () - 3% ! 10%r& () - 3! 3s! 10%AA& () - 3s! 10%m&' () -: | ~?aS40
198! 10% h& ()-"!& 10%& ()-G& 10% h& ()-A M 10%& ()-M 10% h& ()-9@ 1Q% JUN 2002
h& ()-19BCDER}rg\ =0 1&@0%}| & ()- 10 h 10 h 10 hY4 10%
h& ()-!*& 10%##& ()-*& 10% h& ()-! & 10%& ()- RU] }*<g\ =0
11109 ()-!10%4 & ()-! 10% | & ()-sb610%t| 4| & ()-s 10%4 & ()-sSL@
10%t| & ()-q}oaS40 1L' 109&' ()- 104| 4| 104] 4|
104] 4] Pélrcnt! & |54 [tifat the patteinldidid device-chibe fok¥dwiith-a idhier pRUbIGH. () - S#"?aS40
1L @LM10%& ()-Z2' @ ! 109XX& () -@ ' 109& ()-!fYM 10U & () -nf YM 109 ()-m
1098 () - #t 9Anvikg eSe0vhed @ 9amsbingtiqy ctiawimages of prernmity sefpctedofygm the
patterns of parent masks is transferred, various kinds of photomasks (working reticles) can
be produced in a short period of time with little use of a laser beam lithography system, an
electron beam lithography system or the like. This provides the advantage that
photomasks which can be used at the time of manufacturing devices of a many-types and
small-quantity production type, such as ASICs and LSIs, can be produced in a short period
of time and at a low cost.
Since working reticles can be produced in a short period of time, there is the
advantage of being able to shorten the developing period for devices, such as ASICs.
Further, the photomask producing apparatus of this invention can implement the
photomask producing method of this invention.
Furthermore, as the device manufacturing apparatus of this invention employs the
photomask producing method of this invention, the pattern of a device can be formed with
a high precision.
The method of manufacturing a device by transferring a combination of the images
of pattern units selected from the patterns of parent masks has the advantage that devices
of multi-type and small-quantity production type can be manufactured in a short period of

time.
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1. A method of producing a photomask having a transfer pattern formed thereon,
comprising;

segmenting an enlarged pattern of said transfer pattern into patterns of plural
parent masks;

moving a substrate for said photomask, for each of said parent masks, such that the
patterns thereof are transferred to different positions on said substrate; and

transferring reduced images of each of said patterns of said plural parent masks

onto said substrate.

2. A method of producing a photomask having a transfer pattern formed thereon,
comprising:

segmenting an enlarged pattern of said transfer pattern into M sets (M being an
integer equal to or greater than 2) of patterns of plural parent masks; and

transferring reduced images of patterns of said plural parent masks, for each of said
sets, onto a substrate for said photomask at different positions, and performing multiple
exposure of said substrate using said M sets of plural parent masks such that reduced
images of patterns of the other sets of said plural parent masks are transferred to a
predetermined region on said substrate on which a reduced image of a pattern of one set of

said plural parent masks is transferred.

3. The photomask producing method according to claim 2, wherein said M sets of
patterns of plural parent masks are a plurality of patterns segmented from said enlarged

pattern of said transfer pattern in an identical arrangement.

4, The photomask producing method according to claim 2, wherein a segmenting
method for at least one set of patterns of plural parent masks in said M sets of patterns of
plural parent mask patterns differs from that for another predetermined set of patterns of

plural parent masks.
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6. A method of producing a photomask having a transfer pattern, comprising:

segmenting an enlarged pattern of said transfer pattern into a plurality of
segmented patterns;

transferring reduced images of each of said plurality of segmented patterns onto a
substrate for said photomask at different positions; and

transferring a reduced image of one of said segmented patterns and another of said
segmented patterns of which at least a portion is identical to said one of said segmented
patterns onto said substrate such that said one of said segmented patterns and said another

of said segmented patterns overlap at the identical portions thereof.

7. The photomask producing method according to claim 6, wherein the portions of
said one of said segmented patterns and said other of said segmented patterns are identical,
and said other of said segmented patterns includes a pattern corresponding to a connecting
part of said plurality of segmented patterns which are transferred to and adjacent on said

substrate.

8. The photomask producing method according to any one of claims 1 to 7, wherein
at a time of sequentially transferring reduced images of patterns of said plural parent
masks on the surface of said substrate, a reduction projection exposure apparatus of a one-
shot exposure type or a reduction projection exposure apparatus of a scanning exposure

type is selectively used in accordance with the use of said photomask.

9. The photomask producing method according to any one of claims 1 to 7, wherein
at a time of sequentially transferring reduced images of patterns of said plural parent
masks on the surface of said substrate, each image forming characteristic of reduced
images of said patterns of said parent masks is corrected in accordance for at least one of a
rotational asymmetric aberration and a distortion characteristic of a projection optical

system of a projection exposure apparatus which uses said photomask.
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11. A method of producing a photomask having a predetermined transfer circuit

pattern formed, comprising;:

forming a parent mask formed with a predetermined pattern including one or a
plurality of pattern units respectively corresponding to one or a plurality of circuit blocks
in said transfer circuit pattern; and

transferring a projection image of said pattern unit selected from a pattern of said

parent mask on a substrate for said photomask in a predetermined positional relation.

12.  The photomask producing method according to claim 11, wherein said circuit
block corresponds to one of a CPU core section, RAM section and ROM section in an

integrated circuit and standard circuit block for a standard cell.

13.  The photomask producing method according to claim 11, wherein as said parent
mask, plural parent masks are prepared on which different pattern units respectively
corresponding to different circuit blocks in said transfer circuit pattern are formed, and
projection images of the pattern units selected from patterns of said plural parent
masks are sequentially transferred on said substrate for said photomask in a predetermined

positional relation.

14.  The photomask producing method according to claim 11, wherein said parent mask

is used at a time of producing plural types of photomasks.

15.  The photomask producing method according to claim 11, wherein a reduced image
of said pattern unit of said parent mask is transferred on said substrate for said photomask,

and said photomask is further used in reduction projection.

16.  The photomask producing method according to claim 11, wherein by using an
exposure beam stopped down to a predetermined spot, a part of said transfer circuit pattern

is written on said substrate for said photomask at at least a part of an area other than where
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a mask stage on which a mask selected from said mask retaining unit is placed;
a projection optical system that projects a reduced image of a pattern of said mask
on said mask stage onto a substrate for a photomask;
a substrate stage that positions said substrate on a plane perpendicular to an optical
axis of said projection optical system; and
an alignment system that aligns said mask on said mask stage with said substrate
on said substrate stage in order to transfer reduced images of patterns of said
predetermined masks on said substrate, shifted from one another, wherein
said mask retaining unit retains plural parent masks on which segmented patterns

of an enlarged pattern of a pattern of a photomask to be produced are formed respectively.

18.  The photomask producing apparatus according to claim 17, comprising a view
field selecting system that selects a pattern of a predetermined shape at an arbitrary
position in said patterns of said masks and projects a reduced image of said selected
pattern by said projection optical system on said substrate for said photomask, and
wherein said alignment system aligns said mask with said substrate on said
substrate stage in order to transfer said reduced image selected by said field view selecting

system on said substrate in a predetermined positional relation.

19. A method of manufacturing a device in which a predetermined pattern is formed
on a body, comprising:

segmenting a second pattern obtained by further enlarging an enlarged first pattern
of said predetermined pattern into patterns of plural parent masks;

moving a substrate for a photomask, for each of said parent masks, such that
patterns thereof are transferred to different positions on said substrate;

producing a photomask for real exposure formed with said first pattern by
transferring reduced images of each of said patterns of plural parent masks onto said

substrate; and
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into M sets (M being an integer equal to or greater than 2);
reduced images of said patterns of plural parent masks are transferred to different
positions on said substrate for each of said sets; and
said photomask for real exposure on which is formed said first pattern is produced
by performing multiple exposure of said substrate using said M sets of plural parent masks
such that said reduced images of patterns of the other sets of plural parent masks are
transferred onto said substrate at a predetermined region on which a reduced image of a

pattern of one set of said plural parent masks is transferred.

21. A method of manufacturing a device for forming a predetermined circuit pattern on
a body, comprising:

forming a plurality of patterns, corresponding to each of a plurality of circuit
blocks comprising at least one portion of a second circuit pattern which is a further
enlargement of an enlarged first pattern of said predetermined circuit pattern, into one or
plural parent masks which have been segmented in units of said circuit block;

producing a photomask for real exposure on which is formed said first circuit
pattern by transferring reduced images of each of said plurality of patterns onto a substrate
for a photomask in a predetermined positional relation; and

transferring a reduced image of said first circuit pattern formed on said photomask

for real exposure onto said body.

22. A method of manufacturing a device including an exposure step of transferring a
pattern of a photomask for real exposure onto a body, wherein at a time of forming
said pattern on said photomask,

enlarged patterns of one chip of said device are formed by segmenting in
accordance with locations thereof and separating into plural parent masks; and

reduced images of said segmented plural patterns are transferred to different

positions on a substrate for said photomask in accordance with each of said locations.
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| TdE/ has an alignment mark at a predetermined positional relationship with said transfer circuit
pattern, forms a mark corresponding to said alignment mark on said parent mask, and

transfers said corresponding mark onto said substrate for said photomask.

25. A method for producing a plurality of photomasks having transfer patterns which
differ from each other and having a plurality of circuit blocks in at least a portion
of said transfer patterns, wherein
at least a portion of a transfer pattern formed on one of said plurality of
photomasks is segmented in units of said circuit block, and a plurality of first patterns of
said segmented portion are each transferred onto a substrate for said one photomask, and
when a portion of a transfer pattern formed on another photomask different from
said one photomask includes a circuit block which is identical to that of said one
photomask, a second pattern corresponding to a circuit block, which is different from said
identical circuit block obtained by segmenting at least a portion of said transfer pattern in
units of said circuit block, and a first pattern corresponding to said identical circuit block

are each transferred onto a substrate for said other photomask.

26.  The photomask producing method according to claim 25, wherein said plurality of
photomasks are each used in the production of a semiconductor device, and said identical

circuit block includes at least one of a CPU portion, a memory portion, and a gate array.

27.  The photomask producing method according to claim 26, wherein said plurality of
photomasks have an alignment mark at a predetermined positional relationship with each
of said transfer patterns, a mark corresponding to said alignment mark is formed on a
parent mask, and said corresponding mark is transferred onto each of said substrates using

said parent mask.
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29.  The photomask producing method according to claim 1, wherein when producing
another photomask having a transfer pattern which is different from said transfer pattern,
reduced images of each pattern are transferred onto a substrate for said other photomask
using another parent mask on which is formed at least a portion of an enlarged pattern of

said different transfer pattern and at least one of said plural parent masks.

30.  The photomask producing method according to claim 29, wherein said photomask
and said other photomask each have an identical constitution of a circuit block in a portion
of said transfer pattern, and at least one of said parent masks includes at least a portion of a

pattern unit corresponding to said circuit block.

31.  The photomask producing method according to claim 30, wherein said photomask
has a plurality of circuit blocks including said circuit block in at least a portion of said
transfer pattern, and at least a portion of an enlarged pattern of said transfer pattern is

segmented in units of said circuit block.

32.  The photomask producing method according to claim 31, wherein said photomask
is used in the production of a semiconductor device, said plurality of circuit blocks have

different functions, and include at least a memory part or a gate array.

33.  The photomask producing method according to claim 32, wherein said photomask
has an alignment mark at a predetermined positional relationship with said transfer pattern,
an enlarged mark of said alignment mark is formed on a parent mask, and a reduced image

of said enlarged mark is transferred onto a substrate for said photomask.

34,  The photomask producing method according to claim 33, wherein when producing
said other photomask, said reduced image of said enlarged mark is transferred onto a

substrate for said other photomask.
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portion of said plural parent masks.

37.  The photomask producing method according to any of claims 1 or 29-35, wherein
when a reduced image of each pattern is transferred onto a substrate for said photomask
using said plural parent masks, transfer conditions of said reduced image at said substrate
are adjusted in accordance with characteristics of an exposure apparatus which uses said

photomask.

38.  The photomask producing method according to claim 37, wherein at least one of
imaging characteristics of a reduced image of a pattern of said parent mask and a transfer

position on said substrate is adjusted.

39.  The photomask producing method according to any of claims 1 or 29-35, wherein
when a reduced image of each pattern is transferred onto a substrate for said photomask
using said plural parent masks, multiple exposure is performed on at least a portion of a

region on said substrate on which a reduced image of each of said patterns is transferred.

40, A method of producing a photomask having a transfer pattern, comprising:
segmenting said transfer pattern into a plurality of patterns, and when transferring a
projection image of each of said plurality of patterns onto a substrate for said photomask at
different positions, adjusting at least one of a transfer position and imaging characteristics
of said pattern on said substrate based on transfer characteristics of said transfer pattern in

an exposure apparatus which uses said photomask.



21 JUN 2002
65

41.  The photomask producing method according to claim 40, wherein each of said
plurality of patterns corresponds to a plurality of circuit blocks having mutually different

functions and comprising at least a portion of said transfer pattern.

42.  The photomask producing method according to claim 41, wherein an enlarged
pattern of said transfer pattern is segmented into a plurality of patterns, and reduced

images of said plurality of patterns are transferred onto said substrate.

43.  The photomask producing method according to claim 42, wherein said imaging
characteristics include optical characteristics of a projection optical system which forms a

reduced image of said pattern.

44. A method of producing a device including an exposure step of transferring a
pattern formed on a photomask onto a photosensitive body, wherein a photomask is

produced using a method according to one of claims 1-7, 11-16, 24-35, or 40-43.

45.  The device producing method according to claim 44, wherein a reduced image of a

pattern of said photomask is transferred onto said photosensitive body.

46. A photomask used by an exposure apparatus which transfers a pattern onto a
photosensitive body, wherein a pattern to be transferred onto said photosensitive body is

formed using a method according to any of claims 1-7, 11-16, 24-35, or 40-43.

47. The photomask producing apparatus according to claim 17, wherein when a
reduced image of each pattern is transferred onto said substrate using said plurality of
masks, an altering apparatus is provided which changes exposure conditions of said

substrate at at least a portion of said plurality of masks.

48.  The photomask producing apparatus according to claim 47, wherein an adjusting
apparatus is provided which adjusts at least one of a transfer position and imaging
characteristics of a reduced image of said pattern on said substrate in accordance with
transfer characteristics of a pattern of said photomask in an exposure apparatus which uses

said photomask.



