T

;.e3e,,4R J6T \ SUBSTRATE PROCESSI NG SYSTEM AND SUBSTRATE PROCESSI NG METHOD
BACK ND OF THE present invention relates to a sybstg 2008
proce55| gb systemmmmmmmmmtate processing nethod for performng a
series of processes to«gaweral types of substrates such as sem conduct or
waf ers and gl ass substrates used for quu]l d crystal displays. Mcro circuit
patterns are forned by photolithography 10 in fabrication of glass
substrat es usSYBSERATE (RRACESSINGAE YSTEN | 2> SUBSDRATR SPRGERSSI NG $ETHOD
sem conductor devices, etc. Acircuit pattern is formed in photolithography
by applying a resist on a substrate such as an LCD substrate and a
seni conduct or wafer and for BAQKGRO R RNt Ied 15 by exposure to
the pattern, devel et chi n ofolitho stens for
handl i ng sever al éé%%%}gt B‘@gﬁn&' %t?%tPgﬁcéﬁB gFéﬁ& RFoqeggng
di anmeter Por Sy@rheuormm:taorsukmfwm:e @maﬁsﬁm et fsd N 1S s 1o el | £ of
resi st-appli faor a 20 out wafers one by
one from a c%?gle Fte i npggxgsgggeggl ﬁsvﬁﬁﬁi fqﬁ |?:ﬁ %%%‘I‘E‘?% speh as
processed oné&epyicomslucdiod waéqmsocaesisgiam‘ entbstira e wywll fiox thieyeigsette
one by one. A s%lqsg grge for each of several units in this conplex
processi ng systemis cal one cycle. The system 25 cannot proceed to the
next processes unt Mlcﬂ?ﬁecpr@ulblmatmmm doemednpy ghectdln ttheeynaphy t f or
one cycl ¢g Ther ehekeaait P S hat. t ransfer waf er
to the next process?'ﬁs 3’8? 8@??135? é'%gg\?/%gg% ';X)%LO er%ér?a]s ‘b]ecg ﬁ?’tﬁ ted,
a process todd&rdaysor(#E® $0bisy riaftespr eswehtsemdonchlcmmemmh:les,tmtd].e
process perfornmed Ry JiheuRieHa4S A e [t for
the conpletion of thglpr g@‘l ous pr ollcﬂgsissl" ngéfﬁg‘sl Eé %&Bttoﬂrlltiho%g%pth% VY?
consunpt i on) 2PPAY4NGeA; é@séﬁtpp@cé\sﬂlbgtrm sach leaskiamg, LOcH eaalhsdg:ﬁ& and
devel oprent RAAOLERAchALBLSaRAREy ahho HSHELOPNRG-fH1AACES1H I RRed?

ong deve SS

relatlveh g E)(rocessm tine. Due to oplng proce ine, a
waf er for®wh RESHZEi kg thegpatierp deyslropmentcladshiatghimmesses have

been conpl et ed hasphetoeiehBgirAphhe Hpkags For HSnahQﬁB' Sveéihi v\;aofé’iadt for
conpl eti on og t he, devel Oﬁg?ﬂgg ocess to the previous wafer., A' wafer wll

be over - baked*WReRSFR FA§ An ML EeGRRtn F TR Oforl agen dH-a&‘el% fQ%e. A
t hermal pr ocesmmgnﬂurmorswafecsselzy cmmpl@)k Igﬁ_fbdhéssm{gifsyrﬁﬁﬁh}?%?;{éﬂ)
tl S t han a controlle i.ne,
Lg\(/:vg\r/]ery va??gsgégﬁfg bgﬁ&g%tﬁgpﬁgr& aFXES%%H‘ep&l £or BXaMPd S p Aak&hs
thus can?dt ovtiwafersmrhe BYMVARYEr @ik &l i sisiNVENT i o] & pfsless d Ing Ainbec t he
bl d t tJ s t id
Dbt rate oy SRR Eudby 208 bullcdshebBE B oy Mt s Rtckp R © °

substrate proceSS| n paratu
unnecessari | yafers are returned to the cassette one by one.
A processing time for each of several units in this
complex processing system is called one cycle. The system

25 cannot proceed to the next processes until the previous

processes are completed in every unit for one cycle.
Therefore, in a complex processing system that
transfers a wafer to the next processing unit after the
previous process has been completed, a process to be performed
30 by the present unit is susceptible to the process performed
by the previous unit, or the present unit has to wait for
the completion of the previous processing (called
waiting-time consumption).
In a series of processing, such as, baking, clean'ing
36 and development performed in this order, the developing
process requires a relatively long processing time. Due to
long developing process time, a wafer for which the baking
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“consunmed (rate controlling) by -any processing unit. The present invention
provi ded a substrate processing systemincluding first to n-th piodksi0hg
_units’(n =1, 2, ..., N each having at |east one identical unit for
performng 20 first to n-th waf er - processj ng for given periods tl to tn,
respectively, the processing being perfornmed in order fromthe first unit
to the. n-th unit, a plurality of substrates being sinultaneously processed
by differentangpeieaningeppeoeeses lhpvmiheen crommetgd has therspginmn
i ncluding: a ng/unl [ j f.or. ' ' qgg.
substrat es; gﬁ?i %)g?(q'?l agggﬁggﬁaﬁﬁﬁwoﬁlgéi% tfréa}ns eré)jl:]én%%}ﬁe‘:)f
substrat es fEba devehepioadphgrens okrlitite pamviomswa fieranshevatfay whkl
substrates opg B n _ PliQC eSS it t.r.od.
controlling ?Ee %ie?s%a?%dte?@%snf el(r% sectalrlglnéja&r% ﬁtﬂé;%é;’\%%gislgr%é Efncl) gg%coht hat
each prodess@ngongi tipeoscesses the substrates one by one in accordance wth
one-cycle tine as S d, 1) cycl i i I Jrum
peri od anong periogs %??ﬂﬁ?op%%?ﬁfg%ﬁgigg@eb¥§d§5%%?§a ?H@g%%?§%g€éyﬁyto tn
by the nunbevVagsr' progessiad dgesenddly -unSushofovere-Haking thom-a tperiressi ng
units. Int hlén?é?%ﬁé‘ﬁ% BbREeSINAY £imé CHARKAE ] RS i@ 5l Bﬁtterp7wfcﬁ§1 2005

3 present invenfion, the controller may control the first transfer section
and the procEQEnRg GHArPYdIRo a KES isite pié@ééygrin@amt@errkseqah%d:armmfem
processifng upbimeqrresponds to the one-cycle tinme. The processing tine
required for each 5 processing unit may include a pre-transfer tinme, a net
processing tine, a post-transfer tinme and a plurality of waiting tines .
The waiting tinmes may be al |l ggamMgdybe 2 NafFerTaane of the pre-transfer
nsfer time in the processing

time, the net procgssin time and tgé po t-trg
time required 10 foRf < B?ﬁﬁi&ﬁﬁ e frablamdifresseeahar e pr %g
fsyst em acco][@l'f rthe p_rbbenm(rj bseaht i On € terprdkad@@néﬁbktgaﬁmms"mg the
Irst transfer secilon.a the processl units.so that the process) time
Fequi e or SERATE LS Y redficRE SERREER vals IR Ffbe siiniASTaR LY
one-cycl e ticendymed (natgeconthelpiagysbyngny pracspsirer drakt each
processi ng unit i ty | t, -L.ransfe i _ essi ng
time and a post- m%%%%n‘gmf’%g‘s‘&%‘c@%??%&%% %eé.uéée%?if‘%c?q?%creo%oﬁleii red
processi ng WSystemyingludingi icrsteta methipgoceseingOunitsh{s substdate
processi ng Sysh@r of,d1 tot : al O3t h I y
control the %{1 trt\?[ne?r%glné?g?ﬁge%%ilﬁ%%ﬁﬁ%dé?&?&?& galﬁnlf?g%{s%fﬂ#gﬁ%ﬂ
total of20t hef bl kR imtmith iwaterdregrssingcEar vaivan pembeds ofl proddssi ng

uni ts equal srégp&Pe1GHLYS th8BpXodes g Ao PRGGSSSESEBMbE "By 'S4 F &d-diP"
each prpcesshﬂg nit may, i ncl ude at Ieastng.pre-transfer time, a net
processi ng th %‘Fﬁs B BRLE-§9 ahg d—th HLEhe RHgEE g 9% MREFAYSR for
a desired prsehsgi sgmubthnedysiyr EJchlsﬁiéldeW advereragtt itipes! vft Rilke
substrate processin systen1a§for iqg to &he %ﬁﬁfresegt invegtion,.the
processing|ﬁﬁ?§?%§§n?n8P&55 of QRE GHE Eer BYBEELs ARG IYNI f iR

t her mal 2pr ocles=sd ivgg (nmloadynhaveeat beat | Higr nechihgm fmd andi fédutip the
mechani sm f g ing each substrate_so that the _substrate is dist.ant,from
The heati g TR B8 FONE TREFRET EraBatll. san i ity PRt ml
processing Widnsféreringtthe sebhbnatesi $rbol/dionghiehd cadistg/atrel ceslidigt ant
fromthe he?%%g@?&"ﬁ‘anéf‘ewﬁg SRS L4 M S PLLEESShE Gy YSAE M AU Ng

to the -
processing unit; and a controller for controlling the first

30 transfer section and the processing units so that each
processing unit processes the substrates one by one in
accordance with one-cycle time as a standard time, the
one-cycle time being the maximum period among periods tl/m
to tn/m obtained by dividing the periods tl to tn by the number

36 “m” of the identical units of the first to n-th processing
units.

In this substrate processing system according to the



"4 present invention, the processing units may include at |east one
devel opi.ng. unit for devel oping a resist applied onto each subst htF€B 2
.this suﬁ%trate processi ng system according to the 6 present invention, the
processing units may include at |east one, exposing apparatus for exposing a
resi st applied onto each substrate. This %ubstrate processi ng system
according to the present invention may further. include a second transfer
10 section ppyeseat abneenessn pl €heo ceatiradfl éthemay ocentirnd Wwhd Sfipst
transferring S r ng, of the processing,units t not her.
Mbr eover , thg%%?%s%%t) %%%%?50%“&0@*‘&?%0% H%t & (§ce§gir¥§’33:ysf;gﬁ1
i ncl udi ng fi PEPcessingt precessiinpdiiot each prdcedsing unit) cosprespbnéibem i s

havi ng at | east i dent | it r formng.first to n-t

waf er - pr ocesg?n%ﬁ%r{{eg%r}%g{é%ﬁgdsﬁﬁ€ ptl%%{eﬁ, %’sgéﬁ‘ﬁi LRAYLE “f%ﬁ’ﬁr%ﬁ%@si ng
bei ng perf or pra@cessdndgeruritonmay hdntcilusie uni préotransferh timd, @ phetal ity
of substrate ' S tane r by.different type 20 of the
processi ng u%F?g% %F%_nel%gglgy%é%%93§g$§%?5ﬁ0¥&8Fn694aq(ﬁgﬁ%ﬁ#iﬁXo i ng
section for Vakitadd himad.oufhe maidibst times; mayfbhe sil ltocrtsiebesedt on f or

receiving/ t ebHhl t iﬁtéz_ 0 Qad] nLoadi
section and té?g%gf éﬂeﬁfg ‘{‘ﬁ% su g‘?géfs}sé%%%y t(‘)%% b%étlﬁggé#gélﬁg ggm? he
processi ng ufRf thegpastokyangfasibimeeini thefprocessingnyine trempsieedi ng

t he subsig at ggroggcﬁypgggegusq_ ung tt.he processing .units; and a controller
for controlling the first transfer section, the second transfer section and

the processing uni {8 thhgnsehstEsabst PEeeEsaingssystemnacostgipgotesse by

the 30 diffepeasehtPanventilf,eSeh@dcHikkS1 189 tnka@;' €8ABrBY OGRS A i t
processes the substrates one by one within one-cycle tinme that corresponds

] Yy . 2
at |east to BFRREfer r3etiqmy: and: rEhaf ProGemsisly auBéEsndsa othRtt rehef er

ti me which epeocéessliaggsime Fogquiieatfdrobabhigredidd {Iﬁil@eéa}ﬂ:éé”gbgﬁfé al of
peri ods &N the ane .cycle fgr 5 the fi rsi transfer section require or
receiving / Y7 aferdiily R5cHP&uRERaEECE Porhimg obY hél oRBERGEF - uni BRI ng
section and precessingngindecquiisetiater each?pFodeddOhgunitonbpe mddeydf the

rocessi ng |t t he cond total transfer tine being, the fotal of
Beri ods in the ]O%aeSEy%I%E%) r?ﬂiggﬁcsﬁlaefrané}eé:r %“é%ﬁ‘?qﬁ%lrf%dif’r“i‘%dm%ra

receivi ng./ tpesieferansferheimebst riiee prootssihfe timecepsqufredi £or a
desired processing unit may further include a waiting time.

20 In this substrate processing system according to the
present invention, the controller may control the first
transfer section and the processing units so that the total

of the processing times for the successive “n” number of
processing units equals to one-cycle time x n. The

25 processing time required for each processing unit may include
at least a pre-transfer time, a net processing time and a
post-transfer time. The processing time required for a
desired processing unit may further include a waiting time.

In this substrate processing system accord_ing to the

30" present invention, the processing units may include at least
one thermal processing unit. Thethermalprocessinghnitnmy
have a heating mechanism and a lift-up mechanism for holding
each substrate so that the substrate is distant from the
heating méchanism, the thermal procesSing unit waiting for

385 thermal processing while the 1ift-up mechanism is holding the

substrate as distant from the heating mechanism.
In this substrate processing system according to the



5 1rk this substrate processing systemaccording to the present invention,
tie controller may cal culate the maxi num period among periods #I7 FPgtygst n/ m
obtai ned bar dividing the periods tl to t.z by the nunber "m' of the
i.dentical units of the first to n-th prockssing units and sets the maxi num
7.0 ' anong the maxi mum period, the first total transfer time and the
second tranyfregsémel se n I i r. controlling the first and

t he second ﬁan fer sec,tr?%ﬁ%?' iﬂpétl i@%&@tﬁ%ﬂ'@l FoRRE SiTHG- 1R Bdmlaassr di ng
to the preséft® %ﬁ\Y@r']tCIR)‘rﬂg-élﬂllteﬁgt deteelfpihe resessidgp LNéd S/ 253 1be a
substrate-reaistirwranit for receiving and processing each substrate, the
controller calculating the total receiving and processing period for the
substrat e-recei vi ng U is f9ubgbratei poaedspnacegsian sacB avhst Lat gh%nd
setting phe praddimigiRg: i tal receiving. and processing period, 20
the first tot al trarjfs:fer tJiJrr}g' g(r?\’(? {JEBCSEE&H@QP%WI@Y Hingd uge elteleastcycl e
time. T hisC8FB¥Pasangraprasanys ficst eRpoedAyt peshQtt , i nyention
may further gihyBgh4dfie an exposi ng appar?faus ;bgdnd gl?ﬁiég??%%%??‘tetrd §§83i on
for receiving the substrates 25 fromthe processing units. and transferring
the. substrates tFh¥r enpe&img@ammaémgingh@%@iﬂgﬂ h&&@?&i{?&' &5 bﬁés t he
mexi mum anopgekB@t! | {3behPigh WRNSE§LfLde,. the second total”trans P tine
and a tm)rd t ot al trans?er trme For - YhEDCFhiiM@lidhsa eFesond drrargtiered
for thetdneSBFEiONRrevidedes peessibliareo ddHEO¥ Hhe PSc@EEiﬁ@Iuﬁﬁ{ e
provi des. nebRodry RSESR | subst.r at rocessi system” ncT adi ng
first to n-th, rocgssgirn u {%dﬁﬁsﬁs‘at?fr Rpre Hitheh @naeas sagngt

| east two i‘ﬂ’éﬁEFCEF’ @rﬁot%’:é‘lqn)-r performng first to n-th wafer-processing for
given periods 35 t7. to tn, respectively, the processing being perforned in
order from the f¥lpr@OvERithetnseserd imvehtiemiprovides! aisabitiate roeddsihgat es being

si mul t aneo L Qy, different types., 7 F E B 2005 Sa of"the

pr ocesﬂﬁngﬁﬁi?étngfﬁr?&gﬁg'réigl @',tht‘?{BCﬂ%i'%gd”i'ﬁc(rbd“i Ng 4.he. Nepons bf them
recei vi ng/ e @trleasty twd eida Hiied| luaits Sfot th | pagi hoadi n
section angd transferr.i ag t he substrat é_’sbgﬂ'ﬁ%’ ﬁ?‘séetpoﬂtatﬂgv%eﬁgr%qests@
processi ng ' UnSEMHPHORS st toriansespectivelyi the precessmabéingapetfermiadnt he
substrat es qne. byeone {__rorﬂto the processing units by a second transfer
section; ~5 and contPo DenELFARE WPiSt tor Bhef ortheanian, at paugeqans, taansf er

.section ardihster pres dssimg ditidS:a b r.e..Si_nmul t aneously

processgd e _rtéh&% g!rf f erenr!t@' t%/ﬁ? atl)f pr%%gifél%é%%%}%’sﬁlﬁ%r%E ype

processing unit 2¢ BF(%ES@QSU SstBEt PR ey he, she sg swielrh it ncOmetigied e

time that €orleagéndyuafldachisigt geeitlit® 2ok r@ék{_ﬁéal‘n” Rgf ol Tt 2
r o r

second tot ghytsgnsfer. tipe, whi cheyer is |arger, 1 fer
ti me being tr}ftes t ot a‘ng’of %ngEsEE%i n&ﬁ‘é‘sm cyRS 1o tHexfirstetivdmsfer

section regirPédfaringcehei aybstaasker Eiﬁw\ﬂﬁﬁfkﬁé'bféééiﬁgpgggﬁ%%ﬁm

hoadi ng/ unl 9estiomd apECttt Kl the substrate t _ processi ng
uni t, &?e second t ot al étﬁba{ns gﬁ'ﬂf%‘fgeu% ér:age% PRE slﬁt%ﬂe 8¢ pefhiedide oh t he one

circl e“f or ke RIGEBATINGr ANt Ser a seeddnan traegfdrm Sshtiopr fareReing L ARSHa R g N9

the 30, sUbSHERLEbH ! B By PS5 o B Srocessing

units; and a controller for controlling the first transfer
section, the second transfer sectionand the processingunits,
when the substrates are simultaneously processed by the
different types of processing units, so that each processing
unit processes the substrates one by one within one—cy'cle time
that corresponds at least to either a first total transfer

30

time or a second total transfer time which ever is larger, the
f , . . :

25 rst .total transfer time being the total of periods in the one cycle for
the first transfer section required for receiving / transferring each substrate
from/to the loading / unloading section and transferring the substrate



-. 7 F E B 2005 6 BRI EF DESCRI PTION OF DRAWNGS FTG 1 is a plan vi_gz/'_. 2 _
showi ng the whole structure of a first enbodi nent of a substrate pr ce%%iwa
.system according to.the present invention-5 F,IG 2 is a front view

showi ng the substrate processing system FTG .3. is a rear view show ng

th bst [ t I IS schemat i c vj ew show n
br ocesst ng i oo es! BB e Bcassia int §,308 SR60R0 iktelkanseej mebeing G

5. shows a &bgttetabl ofkpealr bodsmmithensubstnat £opr &g] & FLG 6
§singf2§s€lg§nsssé15 zé%ta?[gfer

shows a' fl Lt { S trate,pr.oce
i || ustrat esggg?gégnt%eﬁ%%hf%efﬁii ﬁgﬁggr%p.,n I%EaNs BarshugstBes sl strdtical
sections of fraa/tobdtheatprquessehsgngniyst.em . FAG 9. is a. timng chart
for subsirate progessi in.a transitional stag; FIG 10 is. a timng chart
for subsgtrate pr ogz\syﬁ% FH%%‘E%%;P%‘?%@%,Sng@ystgm 8 caotidiineg tehaHe f or
a second enprdsemrtt infeatisbsthat e | . rding to.the
present i nvgg%i. 8§ in. a sté.adyﬁsglatepaggg?%ﬁlga??}a%@#g‘%c%%ef BRX4M9 r d
enbodi ment AOSuBTPRG: BekIRGss 1V 6 temd moelt dingdt byt 8&vRESSRNthe
i nvention ipeaistisady %Hoatej Bl G A3 0. 8 pl vi ew, showi ng t'he whol e
structure op] - 7.FEB ggloﬁd%hﬁo |¥L|ﬂ]%§ti6nn %ﬁ%%@b‘s‘??%’?%"%gob‘é%ﬁng
syst em accotdi Wit BLYAE BPeBekh PRPSmSSIMg DETI ¢ Bin DESER: PThONER imum
PREFERRED ENBSIDY MERE Sndx Bhehep & LMeat ing_to the present

o e R B R E0a T, L ARG chrahimgaand r st

i nvention w e disclosed with reference
V’éﬂé s%c-on&%ran.s%er tntjme as the one-cycle time for controlling

Enbodi nent
the first and the second transfer sections.

In this substrate processing system according to the
present invention, at least one of the processing units may
16 be a substrate-regceiving unit for receiving and processing
each substrate, the controller calculating the total
recfeiving and processing period for the substrate-receiving
- unit for receiving and processing each substrate and setting
the maximum among the total receiving and processing period,
20 the first total transfer time and the second transfer time

as the one-cycle time. |

This substrate processing system according +to the

present inventionmay further-include: an exposing apparatus;

and a third transfer section for receiving the substrates
25 from the processing units and transferring the substrates

to the exposing apparatus, wherein the controller -sets the

maximum among the first total transfer time, the second total

transfer time and a third total transfer time for the third

transfer section required for the one cycle as the one-cycle |
80 time.

Moreover, the present invention provides .3 method of
processing in a substrate processing system including first to n-th processing
units (n =1, 2, ..., N) some of them having at least two identical units for
performing first to n-th wafer-processing for given periods

36 tl to tn, respectively, the processing being performed in
arder from the first unit to the n-th unit, a plurality of
substrates being simultaneously processed by'different types



FIGS. 1 to 5 illustrate a substrate processing system 10 1 according to the
present invention. FIGS. 1, 2 and 3 are a plan view, a front vi ew7aFREB 2005
rear view, respectively, showi ng the whole structure of the substrate
processi ng system 1 wi thout an exposing apparatus 12. As shown in FIG 1,
the substrate processing system1l 16 is equi pped wth a | oadi ng/ unl oadi ng
section 2 that takes out wafers Was §ubstrates one by one from cassettes
CR that contains several wafers, a prd%essing section 3 having several
processing units for perform ng processes such as resist application and
devel opment to each wafer Wtaken out 20 by the | oadi ng/unl oadi ng section
2, and an i eres prarsdd Sing vt d reos e id%l@ﬁ'tﬂ@%l]e?éﬁc?d’@r%&ﬂld’ﬂgr W
to the exposin agparatus 12 as a processing section. The Interface settion
4 has a sec&ﬂ&ésﬁ €BSm ¥eEhani sm 10 by which each wafer Wis transferred to
t he exposing 25 apparatus 12. The | oadi ng/ unl oadi ng section 2 has a table 5
on which the cassettes CR are | oaded and unl oaded whil e each contains for
exanpl e 25 sem conductor wafers at a tine. As shown in FIG 1, severa

cassettes CR for exanpeeeivingdteanlsirerednd tiesidiluthg NATETH a on
the t Iecéo 5..4.N F‘?Ref( d%qrsgctlgon while a V\rger i nl et/orruégzleég{ %%&?aégcgstée

casseff e CRIBHIPAIIRIQIALRG Fagt 308t ABA Bransfierstinguither mulmthaniem 6 i s
a first traisd &y Bad . i S3 /Dvabl enLn ssette-alignment_ direction
( Xdi rect i on) and a ma?g%ﬁgﬁ?giﬁgﬁtagi?g%tP%Q??% ?P@EPP&%Ff%W’§5fﬂﬁ€twafers

W cont ai ned-hanafier c3ssioms CR for sel ective access to each cassette CR

Moreover, the first sub-apm nechanism6 |js rotatable 8 - 7 F EB 2005
N a%geaﬁ‘flerﬁ’{wré%g?ﬁﬁﬁngt t*‘?aﬁﬁ?é‘f@aé&@hoﬂﬁf by Wwheo a

Mai nN- ar m mEeRaiteMthea o Safdi thansk a vided 0 _the processing
section 3. The nechani ?r’n 6is glgbsouaccegé}r’g%egtégggﬁ g??gﬁn%ﬁt Sﬁﬁfgt"oﬂul M and

an extensi 8% nit EXT bel onging 5 to a nulti-stage section of a third

processi ng- unit 0 he processin ection 3, as disclosed bel ow
The wafers War ecg[n%;%s%%érnréec}-‘tl}er ’fﬁg ?5%’3??‘@7%?85&%9 EBet BeRORGt 0 t he

processi ngtseosifer Iedtd drhedditite @@@@§éﬂ§lquunﬁitgfoﬂﬁe§3thghe uni t group
G3 consists gf 10 several processing units stacked as shown I'n FIG 3. In
detail, th&8YPRFFatESocESsisiqulfianepesiy @reoessedsbyf thecdbEfagenni t COL

for coolin f i on ' D for hydrophobi c processing
for enhanc‘ggﬁggsiwgt 5@?&%5%%%?%%;%%@@ %g]{‘ hBX‘é‘F? ANBAt WAFt ALIM for
waf engl5 ppsotesaksgthehsubsterticdn ofd tbydnd qsiggiﬁi&getggcy@tgg_@eWi n a
wai ting m)gﬁ t wo gr e- baai%ng uni ts PREBAKE for thermal processing before
exposure, APpHsEORARFREVES FLPABAGE i iidiemla pf bbek stokakf transfer

devel oprent 1@adog @0sbe8xROKERIDIE A tc REEBAE Lot Lot ol , prgcess ng

after exposure, 20 stacked in this order fromthe 0 B haf er s
Ware tranfer¥iastotehalntiranafemreivenibeng wiee thet £Xt@NSHOP; Y4kt 3 EXT

and the ali .t _ALIM _ As shown in FI.G 1, the main-arm mechanism?7

is sur_round}géc;”c‘grgé aé?cl:;%tlf?B ﬁﬁisal f%tlﬁ"sﬁ'r STEISERE FREC PueGlited GBor

i ncl ggi ng receiving/transferring each substrate from/to the
loading/unloading section and transferring the substrate to
each processing unit, the second total transfer time being
the total of periods in the one cycle for the second

transfer section required for receivinag/transferring the

30 substrate from/to the processing units.



25 the third processing=unit group G3. Like the third group G3, each of the
unit groups Gl, &, 4 and G5 consists of several stacked processd hch@n?DP%.
The mai n-arm nechanism 7 has a main arm 8, as shown in FIG 3, that can be
elevated in a Z-direction inside a tubular 30 guide 9 extending in a
vertical direction. The tubul ar gui de®9 is connected to a rot ary shaft of a
not or (not shown) so that it rotates with the main arm 8 about the rotary
shaft, thus the main arm 8 being rotatable in the B -direction. |nstead,
the tubul ar guide 9 may be connected to another 35 rotary shaft (not shown)
rotated by the notor. As disclosed, the main arm8 is driven in the
vertical direction so that & NIRICR VT eON bert pRAK&Idged to any unit 1
FEB 2005 9 in the piace si.ng-unit grougs Gl to &, The fourth )
processi ng-unit group” G+ tBngi BL&RoYVLIENSSBAWIAY e @had e sirutoiiegfini ts
COL, a~. extafdinst embodEREntaddizhenbhs 8ehitRlp HEd: ) Al nits
PREBAKE 5 a%-%@e'pﬁfé'galﬁi ngé]uni t, POBAKE, %g%ackéég'gigﬁgt s'tglﬁ%ﬁd(}%#he
bottom to up > The ¥ EREBFo¢BYEN A i t group G5 is provided optional ly. It

is strudtured |ikeFIGe 2 hard i rormices snghidiin g e s%g&g%%nr%@%%%léeéla?)

The fifth “’Eﬁ{stgé up G5 10 is novable along rails 11, as s

for easy mmintenante of the main-arm nechanism?7 and the first to the
fourth processi ng-Rilf¢ 3gieupsrdilx tval b s hEREL iy Qﬁ@bub@%ﬂ@ﬁr@@:@s@iﬁ@
drastic reduygtdiQi n space for systeminstallation when applred to t
substrate 157 procéssing systemshown in FIGS. 1 to 3 because of the stacked
structure of the pFilétedsing sehemat it @ielv showingheret s singw shoyiragd he
pr ocessi ng =% 4F i tnstalled in the substrate processing
system %evgr@g}sgzt}rﬁtséag?% ﬁ%%?gégﬂgok)@?ﬁ .ssg%Lﬁx?E@mé 20 | ong processing
time such as pre-5d6n§ shows PREBAKECANDIbeki dfiadeasl of fheapnbiaidsDEV,
as shown i anb@es-‘é-irfg’{ (g«ﬂ}s?tl_é}ﬁl of a plurality of identical units each
requiring a rel ativel’y ["ong pfocessing tinme reduces unnecessary
waiting-time consBifri BrElous & ddmw elhiaintgfozsthwki shbshyaacherabeesdagur to
the entire system; For the same reason, a plurality of identical units such
as the ggoling unn#‘%g C?,ﬁre provi ded_for several processes . The identical
units are discri red thdnsteakah JrtR anhErate Atheadmih tpanddbir nanes
such as COT1 and EXBR:. 630-ainidCen s 50 Wee bt Lot s@lothd Sigk o eaa%xﬁétwee
Substrate %Pﬂfﬁ%gl ng _sgst%m 1. The | oadi ng/unl oading section 2 has a main
panel 2a, BUPEr SKEMF™St the front si de, for total-systemcontrol and
operations such aBIGecd.pbs s£itimifg wahet- FbeWs( 8@ttt | ﬁ:éjs r
processi ng.at,%g nrr%i_g.BS an%l 2a ig a touch-censer %ép%é\ﬁab |c%}’§n:mll
operat or_ t ouc 3 tPR84 R4 t ouch pen for system operation. The main
panel 2&%i s connexl@d 1® iz eomtimdidEchtItSFor substrate processing in

a -steady state;

FIG. 11 is a timing chaxrt for a second embodiment of
a .supstrate processing system according to the present
invention in .a steady state; -
.35 FIG. 12 is-a timing chart for a third embodiment of a
substrate processing system -according to the present
invention in a steady state; and

FIG. 13 is a plan view showing the whole structure of



10 - 7 FEB 2005 that data on recipe, etc., entered via the touch panel 2a
are fed\to the controller 13. Based on the data, the controller 13 sepdsgs

. sever al )types of commands to and controls the first and the second transfer
mechanisnms 6 and 7, the 5 Ioading/unloadipg section 2, the processing
section 3, the interface section 4 and exposing apparatus 12. The
controller 13 is shown outside the system1l in FIG 5. It wll, however, be
instal | ed, f@ moskitfieasidm then | sisos e e | protess trgt spstami accacttialy use.

10 Monitor displ ?]aé% mgns . gper at or touches the nmain panel 2a at
particul ar dits?)mrjltggéa ections Tor rg%[(g% ed process settings for the
processing units such as tenperature, net processing tine and rotation
speed for resist apRmMAMRERRRIEIYS [k SELoseck next LS

substrat e-processi ng proceaure 1 or 0D Areproce gsysStem 1
descri bedd above w Prefsraeshcenboddnentds Rerdardingfitst bkéorpresbatrate
processi ng ar I3 ttyi RAS Y| ls 1. I rovi ded on.the f.ront
Bl de 20 of the STt i beoaba B LR B R e e P PRE QP ghgRen)y
transfer recHg@wil®gset first in the recipe settings. The transfer recipe

I ncl udes contents E&r@&%&éﬂ%}%@n& be perfornmed such as adhesi on,

devel opnent and exposure an eir order. The nunber of wafers Wto be
processed may al soFfZ5Spelse? 3 dldwstmadip@ substmgse prheesedngesgetemnngs
are perfeymed Bichoushgndo! PRe i ds &R ndénPIGY ! IGHAN €2 and 3 are

| oadi ng/ unl oadi ng section 2 with a touch pen. In detall, 'steps an

processi ng ufti PL3BuH ey sholwPhth Yiey andra geaignaieny i respectivebe,

settings. Anshekiiay WHd WRolANBtFR¥tak Q?fdﬁﬁég%%%‘iraascéjaéﬁoé&é’f .
entered when_a EI ur?I i t, i dentical processing units are provided ?gr one

f
type of procB¥S§FRY. D&’t%ih?’é‘?f o EELOSART SRRFTEHEM s12or each unit such as

tenperature and prasesrowg im ErdprigCcens BAbEEEhRY) p%&e@%iﬁ@s?&@%ﬁdli n-a
menory 1 of the controll. 35.13.. ,Moreover, an operator can set further

det ai | ed™ eqifr EFBAPREA Vit 3 JPaGHNG/gadiogitbinich e eqiieQn thethatantakes
recipe is enOEtambfaraatajsdanbetwht?s o-xlielﬁl(/j onke I:'Er:]:EnBcaggétTtEi% aRoMgat
procedure, a L pe_flo t.C.,...s_displayed on the nmai n pane a. M
correct reci%éggée'?ﬁ?ngsse\%ﬁrga]t hfga?lfrﬁf:ﬁ’pa?neiérﬁﬁ?s?ﬁ@gc&ﬁq PRy 31§1aV1ng
aut omat i cal | §everadl preseshéngaxnits fooc pesifioyntime phooedded siedh nes one

ProcessSiNg resist application and development to each wafer W taken out
20 Dby the loading/unloading section 2, and an interface section

4 for transferring each resist-applied wafer W to the exposing
~ apparatus 12 as a processing section.
The interface section 4 has a second sub-arm mechanism
10 by which each wafer W is transferred to the exposing
25 apparatus 12. The loading/unloading section 2 has a table
5 on which the cassettes CR are loaded and unloaded while
each contains for example 25 semiconductor wafers at a time.
As shown in FIG. 1, several cassettes CR for example
four are aligned at positioning protrusions 5a on the table
30 5 in an X-direction while a wafer inlet/outlet of each
cassette CR faces the processing section 3. '
A first sub-arm mechanism 6 is a first transfer means
that is movable in the cassette-alignment direction (X-
direction) and a wafer-alignment direction (Z-direction) for
36 the wafers W contained in the cassettes CR for selective
access to each cassette CR.
Moreover, the first sub-arm mechanism 6 is rotatable



5 cycle for each unit in a systemsteady state. Disclosed first is
substrabe processing in a transitional state in which a process-gerEprmsd

. by one unit does not affect a process performed by another unit. Several
wafers Ware charged in each of the cassettes 10 CR The cassettes CR are
set on the table 5 of the | oadi ng/unl oadi ﬁg section 2 showmn in FIGS. 1 to
3. After positioning of the cassettes CRy the wafers Ware taken out by the

sub=ar m megham S8 8 a@ﬂréé@ﬂéﬁegbefénla%t G F&Ar&)@ﬂéf@ SAER2HLRErSRC kIO 2
one by one ( 04 .?.”IEI Each of 15 the transferred wafers Wis transferred in
1[5# r

the X directi meChanten # @S ReFerRR 'Fﬁ%nﬁf‘-%e%%%% RERYIRA 40 Thi s

wafer Wis femé@ﬁdaﬁsﬁlrgﬁﬁeatlunls ALth‘é fAbchBA iBMOE €854 I¥o IREds¥ible
After positiaqni unit ALIM it i,s transferred to

th
the adhesion Y %?’ ﬁ%agflg‘%ﬂga‘mbt lzf‘&l% %@ﬁ%ﬁ%ﬁﬁoﬁ URLEEXT PSIONGIRG f r om

a noment &t wo ch mbhEtieseag¥/ seqetioa of hheha&ug@;&a@testsm -/Ndll‘ﬁ tg&oalrgpt her
nonment at V\hlcrc:g Jgjbé‘tafed to the adhe%l on Hnlt Al s caIIe tinme tl- A
u

timng chart r BTRCHF 5LBYsPRGELRM Hirs 25t A e 25 is

shown in FIG 9 . Tﬁeemtfem:slwaremfazﬁ@emdlﬁousemellaaﬁq@@/@fnltda@mg
alignment unit ALIM as, the ugiet that firstly he wafer Wt hat

accept
been transferfEE-+H o 4 h&Cpr bE&s HHFSRELRIN Sfcgcﬂ?él f eV 19V i S Ut d to
hydr ophobi ¢ preesss hygon 30 gheupdknam oIrheniuniAD gsdep 62) cofsperisod fof

ti . it AD.f b Il ed
e 12 Hne SV b B0 Eh e Fonb e ACRdnas: BROIR A AB Srd Ted Lo the
cooling unit COL fofn dedlaidg pheddmd]g)r(ocmssspr@-u)nlt QBOApprez |ctaxhsafstisi me

d f .cal 3. I
br ocessi ng e Bo oS Mt oE 201 080bT 18" LAE adel e sBHERT Y <
COL1 to COL unity RDE TBDQODBd:QphOPECGpmcesmmgl §omheemamcédr rasist
Processi ng degrberid gUey enbu£ELEL WORHS, aPIURlnt I {IRBThCAL REGRESS1 N0

units can_performa necessary processi’ng wh enti ca
units ard8i nRAIEPNING; sthe extrens Eon diiio dBET BfCH‘ mectd:éssy tdheu waf esom

among the i denthCahyain iy h%d\éh'%%eﬂ’@fh%ki\ﬂd %nft%”ﬁfiﬁﬁi\ﬁﬁ FYr Wi an- arm

mechani sm 7 for the shortest tine posi tioned so that

it faces the Prr&c!esstma‘_fﬂ)lW%r%p%%?%ﬁﬁ§eccﬁlpeﬁtrhékﬂpgsPnﬁﬁoé’@%lﬁﬁgf@ﬁt 10

grgUlto Gl ]9r tm%ﬂtnﬁﬂm pEStesd ahm&e@GE?exﬂs‘ldh rﬂ?C&%ﬂi ir gaeth%x@Blsﬁreﬁ) g

and transferre ere| i nzarm nechani sm resis applie

onto the waf &8 Y SRBEAKE S0t ThErals pirg s iy e, S4ppE TG

resist-appli (Sd:am{ef:d JWl’Shi@d)tdéf) fhempthebbbtogmlEounpt. PREBAKE so t hat

it is dried out w eva orategon of__a_sql vent S%’h{nner fromthe. resist (
e-

‘step S5 ) . A peri SHSFEG PR RS & FJ T BECHRNA S e
t5. The waf er7 Witaakté‘re (m:témsamm henpt eE¥Akand thet aPREBAKRtI snddoREAMay t he
cool i ng uni t A0y RMm %. eSS NGy tehﬁi‘eal.:l.tne 3391 #ne%th%%lg?n Y. 1288 G ded

transferred to a secon sub ‘arth mechani sm the interface section ~ via
t he ext ensi oPYudi§irsyy toad ifdhepropessingt-aniddgroup ik tecdmdnedinding

mechani sgy9 ahe eA2EEGSkddeds Mi@ﬁlﬁg&%ﬁ{\}é 83 BU%kglt%e %hleaegxbaug@@ The

interface section 4 transfers each waf exposi ng appar at 4s 12

and recei ves ea¢d R&f Bhe WR HagneapsHEdn @&bj%@@d Gé @msﬁ% qf sesprsi )

The exposed %fa@kéymgoééggﬂ% swpEected to exposure by a perl pher al
exposi ng appar at us f Qr exposi ng unnecessary resi st apgll ~on

peri pheral porti onFh& MaH@-REfeReghanism 7 has’a main arm
FIG. 3, that can be elevated in a Z~direction inside a tubular

as shown in

80 guide 9 extending in a vertical direction. The tubular guide
9 is connected to a rotary shaft of a motor (not shown) so
that it rotates with the main arm 8 about the rotary shaft,
thus the main arm 8 beihg rotatable in the O -direction.
Instead, the tubular guide 9 may be connected to another

36 rotary shaft (not shown) rotated by the motor.

As disclosed, the main arm 8 is driven in the vertical

direction so that the wafers W can be transferred to any unit



30 The further exposed wafer Wis returned to the main-arm nmechanism?7 in
the manrer reversal of the operation described above. The main- 2RNEER 2005
-nechanism 7 transfers the wafer Winto the post-exposure baking unlEf-
PREBAKE. A period of tine froma nonment a which the wafer W is taken out
fromthe cooling 35 unit COL to another nmonent at which it is fed into the
post - exposure baking unit PREBAKE via exposing processing is called a tine
t7. - 7 FANEtBerpu®CEsSINg-Wdiidy aNQuPHeal ki @5t he post - exposure baki ng

Ut o 1 pr | TRe02RRE0 prdRd S AR SR Gl ED R fefLo JFP 40011 N9

unit COL, so that it is cooled to a erature
processi ng t FREWNY ins FdG -SS).. Woﬂﬂ@%lddlqulmbﬁ%rc%t sameGXtms)lthelmlt

resist- devel gRir)afBpABA! 80 PRg Aly 112dT r%&g%%%k&%gd%%&fﬁ% The

t he second group & and devel oped processing t

devel oped® waRBA VWPsPoE-Paking wolt RRBAKRE, whacked RoBAkEsapudazafremso
that it is deghedpedkofOkc@yuRy.ocessing tinme t11 (step S11 ) . The wafer Wis
further transferred to the €ooling unit COL4 so that it is cooled for a .
processing tine t1Fhe sEéftBiopyogesshagmtinritar grABEhafbsniy Pﬂm‘el@@bl ed

wafer Wis tb?ﬂ%ﬁé‘ﬁ? toI£h§s| 82¢LBguLl0ad %tf&‘&& #g‘rd(%ar ged’in the

ext ensi on uni the third, processing-unit group
cassette CR PRLEpIBRYpP. GA 'bfletbilﬁng’F‘EPdﬂnﬁBt-a Ree Biﬁ'ébs%ﬁlh‘g CBIW@&Q@ a

post - t r aysf efst hBwadle timofdgec}:aﬂé hi B, tagnshblAnah $ai.e 135, ) Qugsy 20
The pre-transfer tine is roma nonment at which a wafer Whas been

qd
transferred T34 ﬁHFPCFo??é'BE%:“l%éWTaEFbE‘@§§PHd-SE‘b7M Here fdxsit tatthehi ch

the processifgusthr pgotesstihg-vafier gbupsPerl ab fapm a noment at which a
wafer Wis taken o ,gﬂﬁfroma Erew ou .unit tq another moment at which, 26 the

present unit starts prBEEEEH gi‘.nV‘FH 1RB: aghdeyes FFast ixedhgietondin
consumned by apgcerﬁmrfaysmmdmalga&ﬂm{ SheW appd ikdstot tROF W stiddEe i s a

perlodf r roces fer Wi ansferred again t he i n-arm
mechani s% 7%%%83%393&55’ oces °ﬁ’é‘ t r?;[ég Eefto ésb%‘d?lgf’ﬁrﬁft gﬁ on
several requtenetusesafhthe pescesstipgesnissaiting ti me added to each of

he pre- and post s et J LIRALAICS, ILO o 2y el pBL 8ceRsh Nt U o

transitional state,” however, ecause
unnecessary Bwr veach ngnit nﬁr@upsmnptaéﬂweﬁoant I’\‘—élqoﬁem‘ttra/m @royeass iy

processed agargiedm ! N dRfvd 0Usn Yed eérXVtJEQGidQHO%ES't@x%seE%uQL Y a

processmgtlrretl to t13 is determ ned .
long processing time such as pre baklng units PREBAKE and
‘resist-developing apparatus DEV, as shown in FIG. 4.

- Provision of a plurality of identical units each
requiring a relatively 1long processing time reduces
unnecessary waiting-time consumption (rate controlling)

25 ~which may otherwise occur to the entire system. For the same

- reason, a plurality of identical units such as the cooling
units COL are provided for several processes. The identical
units are discriminated therebetween with numerals attached
to their names such as COTl and COT2.

30 FIG. 5 shows a control block diagram of the substrate
processing system 1. The loading/unloading section 2 has a
main panel 2a, on the outer wall at the front side, for
total-system control and operations such as recipe settings,
wafer-flow registration and alarm processing. The main

35 panel 2a is a touch-~-censer type via which an operator touches-
a screen with a touch pen for system operation. |

The main panel 2a is connected to a controller 13 so



"- 7 FEB 2005 accordance with a given net processing time and the _m'7np',-ng%u5
transfer tine. Atransfer tinme required for the main-armnmechanism7 1n
.this e diment is about 5 sec. The post-transfer tine 5 is required for
t-he mai n-arm mechanism7 to take out a wgfer W and hence the shorter the
post-waiting time that follows the post-transfer tine, the better for
stabl e procg_%s regui renents (0 sec., being inpossible though). Transfer of
wafers Wfr atthéﬂ’&?séﬁitreﬁﬁmror%t%yr Frtared oriz dehrcioyehppasels?ag in

the transitisgnral f6qaeed Whé eBHERoUNBRCESHAr YRUBEHI Il { LAB %%%J,”P’Fhén for
processing of a nﬁﬁt waf er W agai nst processi ng of the previous warer Wdue

to the fact SOREE Hid A RAS Reveral tEpes afeaommanis taasd centrols stil |

under proceshieNEilrta it ttiRgaidtidnd T hdits X imde{ £1 1 M4 hetahd 0 PRefed
into thl% u[ilt. .The%ste n1lin this enbodi ment starts the maxi num
processi hg- (RS L0G qac{Eﬁ% S&FEH A Rac b8Py OREFELAG- EPAELEBN3 unbREON

occurs. For ihherifage ceetrdon eacha@do%@mgmiatpgﬁrae&& pped, 20 ppéh a
sensor (not sh%vmgh_ for. et,errr'hgi ng whether a wafer I S under processing.
Each sensor EOHHES dd 46 SROVBoRULSIAE: the BysEemelniiRe Fifet Rer Ihe

unnecessar ywidill,i ngidwetie £, onBept i 98t 41 3645 SedoaboMe ke nRECUr rigng pesed on
a detecti onlsi nal frqogmeach sensagr. Wien 1t is determ ned 25 that the
unnecessar y 1R8PT LR 30 SRGTHIGN i% gt AFTYadg, USkibst r at e- processi ng i n
the tral®itional Hbatieorsdispleg. gﬁadﬁbbewﬁéﬁcﬁﬁséﬁéréfbih@oﬁéﬁégytﬁé ate
starts instg Jn.this .nventionis as

Th t eady ,st at ate_that_ several
wafers W havg'd"gl Pé@&; g@e)r/?tf 8&&&%@%%@%&&%%& i’%ﬁF?%‘Fﬁ‘j’-}
unnecessar ypwarcessget ningoisunyie prodessiagath twgachaoeemperagudesr
succeedi ng C LA itss The i rocessing-tinme control. disclosed
bel ow i s pe?%grﬁégh?%sgﬁbsééyéa%gﬁgﬁagg %g%higm&o?ﬁ%bﬂ BRIy N9
processi ng AaRPArps&nBerns processing for the maxi mum processing tinme Tnax-,
as one gycle, calgy Y, : lher .13 in i.pe setlings. -7
F E B 2005 15 mx’?%?nig%ge“séﬁég? suB %?‘%s PEORSRE agspgééeﬁgﬁn‘{#peri od
anong peri otBet pstarhisredrogesathgumiys et al neesnyr idied dabgve priddessi ng
time "tn" fpsreaghcENth BPYgthg nunber of the identical units "nt . A period
consunmed by a processing unit 5 equals to addition of the pre-transfer
time, the net prot@%sPrfediiesinbefpEeuths trale paocesplndaEpFRCipRt t he

devel opi ng sepeiagssvREVtheamhiasphhell 289pFbvRHREEDH Rhd IfFontViSie
the net praqcessing, tine _an h

post -t PAne ¥ TS SRS BF SRS dEGYRIGR dukhAE SPORESSH nb 18 b Tax
is given as tDEV/R thenmfer e ipgsiengdt ifiddt SnetheGid®ite A tiMys.
def i ned as The. e a6aF PFEELES, KB 1 PAESHARTCANG RengEoRrRe 1 J i as 15
t EXP/ 1 frorpeExrned s0DEN/ 2sweeihesilon ondewedopment agndr akpdshXie isnd
02 o0 S0 800 OB PR W (L FBEL BT
maxi mu#P be set in the recipe settings. The recipe settings are
performed by touching the main panel 2a provided on the
loading/unloading sectidn 2 with a touch pen.
In detail, steps and processing units such as shown in
FIG. 7 are designated in the recipe settings. An actual unit
30 name may not be designated as data to be entered when a
plurality of identical processing units are provided for one
type of processing. Detailed processing requirements for
each unit such as temperature and processing time (processing
recipe) may be pre-stored in a memory 13a of the controller
385 13. Moreover, an operator can set further detailed
requirements for step or unit designation.
' Once the transfer recipe is entered in accordance with



"processing tinme Tnax as obtai ned above as one cycle. 20 Therefore, the
requi reqent (pre-transfer tinme) + (net processing time ) + ( postl. FEB8¥Ber
time ) Tmax (1 cycle ) is given to the processing units other than those
r-equi ri ng the maxi num peri od consuned peEl unit. These units thus perform
processing for (pre-transfer tine) + (nef” processing tine) 25 +
(post-transfer tine) + (waiting tine). One cycle nay be determ ned as

( maxi num pr otbesahgvei pepcedisernplausedips £1Hw, fatd oyving d;sp]:l&yedl osed

h |, h f
nerer »elBR Y pne Toe IO, Bpkr e e Thet BB EARS b0 EREADN 'O
section 3, wpaheleRarerde tcmmtmlﬂ,erg lahautomlad:mallrlyFldﬁlclﬂ.ates hehet eady

tat F t i fi t | th

Wihat has biasThERORBEATH Wird End REERaT? dblindsl nd it S eddud o
t he al i girencyahéet £kl Raoh 3Bitthdnt fi B@ﬂhﬂﬂt—@&_a@ umategr oup G for wafer
positi oni ng ( stepyBlo) oceBef gdihl  yat et W Lot s sieadyestate. o

several wafers Whave al ready bBéen un processi ng n respec 47 FEB
2005 1G uni ttr@nstheopad\cetstﬁglsedtmm aprﬁaestsh@emﬁnmwuh pyooeesimitti nme

Tmaxl, Tmexl gobs fEE AedeRt 3 BIBGLLANG gf#@ rb%ﬂ%r(c?&ééxor foppletion of

wafer transfer to t nrren uni t a ne processing tine
for wafer ali gnnen$evanalmﬁetsdvmm chargest ini macheqli the dagsetigs et i on

of wat ergf I agR{ ef FHOMAG AINER! E 56kl Non ThRE IcABE?d%f ' Bt gl 91 ve

Tmaxl a + Tmaxl b + Tmaxlc < T e reqwresawalt ime wthin one
cycle. In thl%a‘iDnéfrBBbPﬁéhﬂg ﬁﬁéﬁiéparé shesin timiRiEs . |b berd or ritenr the

waf er W af t epo i § bASnG 06 £ RO Ladipi i & dR W%h@%'fféfsnwt REeat d QBN uni t
ALIM that follows the net processing tine Taxl he sanme post-waiting

time as for Rhe Wi§ gftérnaihi nechamism i & sandy oFr@Hfﬂ%eﬁr otREQi Hehainits
descri bed bel@éﬂdﬂﬁ@ﬁﬁnlbéalh60§éc’t§8ﬁ' 2i et B9 BRI [HELRESL Y oplsyree per
unit. Waéer IfﬁE)l’(gsz}étlon as above, i s transferredtothe adhes 1on unit
AD by t he grhedivaters o i§ it od ot g gdisieghion) | A
period of tlaxmdftnanmafeﬁﬂ’edt fatthWeikChn20 the walryesdWimy tyeisigrred to the
adhesi on unit AD ff@} X’f)#)%) 3? gggc H{g %Lanot hgr Eent at i.ch the
wafer Wis taken otf™¥ *h %o ADLPEMERE WRAF it &% ng
tinme Trax2. pxodegsing seaeidmex2, Aftemens indberiny fort the&fz&féfdﬂthythe
alignnment u POkt S1).. Pr sing cycles are
preferably sq!e}% e"l'.rltlhhtd‘ ée'cg?’t g#nilé)%lg%/zf %E%ﬁ:eon%@aecﬁdgl%géﬂ&ggﬁ\/{égv‘@%rs W
For exa®fl e, the awm-y@m mefahanngmwne for a wafer. Wto be transferred to
the processing secii fiekfﬁ( dfp agoﬂﬁmén%e%t’ Wthrl %Qlea

starting tine for t grewous I nterval trans Iflme set
for th.e maiffRaRsddh hﬁs%ﬂmram*@umé pHEMLe anp than moaw:@td@t “which

i nterferencetibofed®y RN RCENILIND LENSIREq aft SRY @12 AT R gV

chart for substrate processing in this transitional state

25 is shown in FIG. 9. The extension unit EXT may be used instead
of the alignment unit ALIM as the unit that firstly accepts
the wafer W that has been transferred into the processing
section 3.

The wafer W is subjected to hydrophobic processing in

30 the adhesion unit AD (step S2). A period of time consumed
by the unit AD for the hydrophobic processing is called a
time t2. .

The wafer W is taken out from the adhesion unit AD and
fed to the cooling unit COL for cooling processing (step S3).

86 A period of time consumed for the hydrophobic processing is
called a time t3. The cooling processing can be performed
by any one of the four identical cooling units COLl to COL



by the main-arm nechanism 7 to the processing units. For 36 exanple, in
this entsﬁdi ment, a wafer W.is transferred fromthe adhesion unit ,'A:\E to the
.cooling unit COL by the mai n-arm nechanism7 for 5 sec., and af ek ﬁa&ﬂf}5
t-he next wafer Wis - 7 F E B 2005 1~;4ransferred fromthe alignnent
unit ALIMto the adhesion unit AD for 5 sec. The wafer Wfor which

hydr ophobi ¢ processing has been conpleted for the tine Tnax2 is subjected
to cooling 54p|(§'é§ss'ﬁgg i Bhigeleoohe epnei f0XCANY Procasyingrdeser ihed
Tmax3. The c¢ \ p NG ref . Qi our

I denti cal cogla:tﬁggunliﬁgﬂ:%ﬂg?ga%ﬁy%ﬁe%ggﬁ%l% %é?ggﬁ'g‘%e%;fté be
sel ect ed frofRBNRRFENEN uai MSCEESALYD DrPdessingatwhenvad eplumallitynod £

nterfere W ihehBSchd BRIEONPLISHELAYENA 1o MBUSFCEDELRgoEShAGLLL the

selected unit. The unit selection fromanong Identica
per f or ned® byat RECEGREADD anit3 fyereamomd thigyridenuigal Wyits semsdri¢h not

- shown ) attaghgsgirép W‘?L“sht&.‘ﬁh%fer-f@iisb%%ﬁﬁ rn—da?xtn?ﬁ{gc?:%ﬁlim?%hg{:r?ﬁtg?e i

identical unit is performng processihg or wafer transferring, -
a wafer Wi nSherseskotimehe sensor output may be displayed on the main

panel 2a. Al so in ffhgtf othaw; rQc WeTal Ng @,?QQQ- i tical
units for the sane processi nggiggfsvgl—g%%%%é%f?ﬁgg %ééwa er {'li\tivrm??cfzgshog?é]
interfere wiFRSLAE-BPRIYANY SRPIFaTUE AT ofukberfirst pragess mg+umnite

sel ect ediuni grobprG¢ NG kpel idBNTIBYS appAPd Blis Wdﬁ"%‘f"‘@fl@rsgéghﬂﬁaﬁémt has

been transfeé{ze ..o the processi nngec lon 3 just after 25 the er- Wnow
i

d
under the coBfi df ¥FoctdsiaRfl i Eranpfexred teheyeivbPolc BhecaBihyim t he

adhesi on unimhedhafiisihep .S23) resagd ArOtApEE1 Mad esni% (tne- walrer kehind)e j ust
after the waf e% under the hggrgo%{]}_obl c processing is transferred to
d

W no
the al i gnment® ?ﬁF?HA%I?F/I anBreG6PE Bep&di 1S5 F4)30 The wafer Wfor
whi ch the fool ing tphecnessiﬂg-érmlb@@mha:mmlmti@dféa madlasitgé r;ﬁ.{bibhhl&ihﬁ;f W
resi st -appl yi 3 US 1,n i resist is, applied ontp the_wafer
whi | e bgll%ng ‘?@?%talg’gﬁ’%‘g‘%ﬁt%%%%&y{i% 1 R tafgtee"r?@ff"jtl.‘”hﬁ#r?g t he
time Trax4, solweért (Wh(iomenjafeomidts nd}ishatstes Sbnansh ererabBo fitninde
processi ng sggtd ES,-SHPLected .cool.i.n essing i he cooling unit
COL, anot her tr%‘%{s??gr#%ﬁH%fé%gﬁ%?ﬁggmgkergagg% n%‘) tilg‘es |'ected to
hydr ophobi ¢ procesBi@gafer|§ taker quty f2006the pre-baking unit PREBAKE

is cooled by the cooling unit COL for a processing time t6

20 (step s6), and then transferred to a second sub-arm mechanism

9 of the interface section 4 via the extension unit EXT.
. The wafers W transferred to the second sub-arm

mechanism 9 are charged in a buffer cassette BUCR (FIG. 1)

one by one. The interface section 4 transfers each wafer W

25 to the exposing apparatus 12 and receives the wafer W that
has been subjected to exposure (step S7) . The exposed wafer
W is further subjected to exposure by a peripheral exposing
apparatus WEE for exposing unnecessary resist applied on
peripheral portions of the wafer W.

30 The further exposed wafer W is returned to the main-arm
mechanism 7 in the manner reversal of the operation described
above. The main-arm mechanism 7 transfers the wafer W into
the post-exposure baking unit PREBAKE. A period of time from
a moment at which the wafer W is taken out from the cooling

36 unit COL to another moment at which it is fed into the
post-exposure baking unit PREBAKE via exposing processing
is called a time t7.



'i,n the adhesion unit AD (step S2), and still another transferred wafer W

(three-wafer behind) is subjected to positioning in the alignnment7 b8 t2008L1 M
(step S1). Also within the succeeding processing tines Tmax5 to 5 Tmaxl |,
wafers Ware subjected to respective proqgsm ng one by one in the
correspondi ng units, which is not disclosed though. The wafer Won which
resi st has been applled within the processing tine Tmax4 is transferred to
the pre-baking uni TheowpREBAKE sahealiedsinrthepostie expasyreobekingginitre

pre- baki ng RN PREAKE & PELREr g St oo dodSkeRysHiT FEa cfrn 5y vo

processi ng uihe ¢oaliag unit @(ﬂL,lSQ Upendd 15 cpobedso Arpredéerminede

bl ock 102 is S nd heat ed. The
hot pl ate 10%@{:1?%%?&&/1%6530 seveér% qtﬁﬁ(e%(\a/#r%l ‘sﬁ%r ee)"lift pins 104
for suppdrting theThef Gpo\hﬁduwaﬁgrv\fdf s fednbhto tlmecramlsﬁ-rdmweh@irkgar mal
processing UagE é‘g%usTﬁﬁvl B‘feihsnﬁirefc h?gc%bgﬁnaouﬂ }868a{:f &P ted

to an el evati rive mechani sm( not via‘a upp I'ng ne

105 so that EREPNEGTPEP 2 aadedevelopgh ﬁdieah@roqaeasengmm%nlopqmemover
106 is provigggyover the hot plate 103 with a space S therebetween for

waf er transfer. An _exhaust 25 pipe 107 is connected. to the upper cover
106, for exhausti nghgadevBaepedl waergénésafed torthg postrivdkmoousit ng.

| nstal | eth { upblagkel niNchleokedORnbt 2coybiddeeqshit £y Wil sers

the space S and the_hot plat utter evat
el evation drF%"éen%%ﬁaﬁ%‘FrP(ﬁ}ble) -30 Téﬂehmfe)r W AswBREEhey|trangéeried dta he

t hermal procersi @golbhy ﬂ-lQﬂ-thU)ﬂ.@ dd drad iifl @4 UBolEANELbEs woéﬂﬁﬁhgl% by
the lift pi n?—bégétfi ring which Lhe shutter 108 is elevated so that t

space Sis c &l AN PEERA 1A MR S i onThRigee laxd

wai ting for waﬁeprw—baktlﬁgnalf@@ml @ thie Qfé%trdmig/ﬂfrﬂf‘cfaiﬁmﬁ fuacdith 2 _
pre- bakl u‘p%PREBA Ehthevvag %tak to the upit for a

pre- tran er % &l gxtensjop yny fﬁ% Rﬁ?c??ﬁén%RSE W Rai t s
for a pre - Was t and chafged mnochesuag)settltrmcmmp/\/rslla.lt is lifted up.
Then, as shown in I% an vvafer Wis Ilfgted down on the, hot BI ate 103
while the Iift pirg X0%- Fe d YdlGr, 8 f 8Pt REISRSHPY oFilenapd a
processi ng tpostIrpassfert EpmSS)alrandeu.ih.ed dmt thrismtirem sprtei-dralli B ate t
PREBAKE f or éa?pggil&ggnsfer (after processing) tinme Tnmax5d. The total of

t he pre- tran er time, the pre-waiting tine, the net processing time and
the post2transfer warﬁ}mf@r témehis prxwescsql fgrom amomemisat whilmdxSa +

Tmaxsb + TnexSgateFMK Jh s EQ@n"‘@:frearnsWéxsréd"eE‘oS%lbltﬂﬁttedféf EOQ:Jéf%%:Ln

processing in the cpoling unit processing tine Tnax6 (step S6)

and then trREIETF Y n}‘icb "’IW%W%HHWEXPMWE BERARFBLNG St@rESyi ven

pattern for ﬁomrﬂf@&ﬂf@rtwﬁﬁa'@@ﬁﬂocﬁ St ¥din ¥ montéri® REriPhE & wageasw e by
aratus WEE. , The wafer Wfor which the exp05| ng

the peri pheral 05| n
processi ng h’% %p?ggg‘dal%r?YW & dd teoapREDEESROBS PE A Whddh n
uni t 2025’EBMEevpztéEen'a ettt seaster progessingha while it is lifted

The net processing time is a period consumed by any unit

for processing a wafer W. |
The post~transfer time is a period for which a processed
wafer W is transferred again to the main-arm mechanism 7.
30 The net processing time is set as constant but depends
on several requirements such as resist types. Awaitingtime
added to each of the pre- and post-transfer time offers highly
flexible processing. This transitional state, however,
requires no waiting time because of no unnecessary
36 waiting-time consumption for the present wafer W to be
processed against the previous wafer W under processing.
Each of the processing time tl to tl13 is determined in



up fromthe hot plate 103 by the Iift pins 101, as shown in FIG 8A After
bei ng Ibted up for a pre-waiting tinme TmaxBb, the wafer Wis Ii?t,e@e%hgm
.on the.hot plate 103 while the 25 |ift pins 104 are noved down

post - exposur e baking PREBAKE for a net prgcessing time TmaxBc ( step S8 )
The wafer Wis then taken out fromthe post-exposure baking unit PREBAKE

wi thin Trmax8d. The total of the pre-transfer tine, the pre-waiting 30 tine,
the net proc@SSOXGANGR: Vikd ehgipeBtnet pieesaing imeland shehwipioemssi ng
time Tnax8 (Triwedd il@xBb + TmaxBc + Tnax8d). The wafer Wfor. which
the thernmal processing J’has been conpleted is transferred to the cooling
unit COL for cool i AgtBengifesetimagregn ivedrine ddiegatinmarmmeehandsep7S9 )

Then, the wal ehil ehpkaltin® o GRS 68011 Nghunbhs EL-andsbeapsler o

to the resist-devel opi ng_apparat us for “devel opr n
processi iy f 86 Begpdcedsfay themaimemam (!@lcél@n&’s@) 7 Thetake eut\a wafart her

transferred WO hhe Heﬁééb@‘fé% idy '%%A‘?'ésftokal%rr{@ltlﬂ%dtﬂ% ?69£8§§' ”9

by a given c¥c e time Tmaxl| | e the other thernal” processing unit
pre-waiting £Pfe Bom%r%saf@rsé%lm@r the peettenkifny uﬁ“ttainQBAF(EOC¢hé

af et Wi st Befulireishty 00 tsad /1o 1eaelq N4 1S Blodds) i N ar m

mechani sm 7, for cooli n% processi ng for rocessi ng maxl 2 (step
S12), and ret ur nedTEBDE @r08§s‘é§f-§r€FW(%J€@b @%Fam%e%%pweéy an@af er

Wis takgp i 8b@ @edpeiditifvedPiditedd DE@SShNEnsC i fdale PEILOGL1PM
Tmaxl to Tmaxl 2 in the Steady state. Accordingly, the present invention

per forms waf ERUBFoLBISCRE SAK Yt Wél&%@%@wmmﬁ%m@a&rw@csﬁﬂamgm 16
respective prCQSﬁEﬁﬁ wiz@fet:hﬁ AFX LAY @f@éé§§iﬂﬁ 6fﬂ€h€ﬁ§fe¢£éhgeﬂafér
accor dance Eﬁ V\% roceSS| n remg E V\gu ting tinme set at
the start o R SEeEQ?T'Ig ﬁl%‘éﬁhw?ﬁ Frilll At bReTednEr oli | e
each wafer Wu ea!sséteé gp; ishst idnastnideal Ip{rdi%gseaﬁg Non t & el mat scﬁéﬂﬁéﬁ 20
Second od ng Thi r.el iting ting settings to
two pr o?e%m nggu}ﬁfa : §g§@%sw gﬁ‘é"tturﬁs %k?ysql% fteﬁirdrfh ets%g?y B&Fting-time

.consunption. occur sThﬁheypn:emeislmg tnis hembodimihitosdlardsattthe snakhimsane as

that for the, 5éégs§ﬁgyg‘t’i8@' BBRL 81 A HEALL IR W N SCLOSEHy N £es 0 e

substrate processing emin IS € FENt S |
the first enpouswBRtisho@gchmskIGS. 1 to 3 . The flow chart shown in FIG 6

for the first enb M [ Og‘gggdi rence
between the fi rstogéral e‘té.g%'()?}Bnt'i? gdl%%%\‘?ﬁs wal Hi%&ﬁtﬁ?ﬁg&fu é%%h
proce53|2ﬁ’g wieh a1seBsqart (APEgSBRWNY) for deleswpsting svhridrersa iafeni ng

in this enmbogli mgnhndﬂze pideads LhG! t EB@W“ dehddiC id EBhnkBeell Y the
enbodi ment i ncl udeilg WSI ting tine ustment within_one 35 maxi num

processi ng tTHRL¥Y ocdSsi rfbetcﬁ’l‘f J“E)? WRRERDERNne f&S arYPRRFIITREY i me
consunpti on mmﬁg-mmér@mwth@ndﬂw&u&mmab bBehveeaghLs @i ti ng

time adj ust rrenta detection signal from each sensor. When it is determined
26 that the unnecessary waiting-time consumption is occurring,
substrate-processing in the transitional state is halted and
the processing in the steady state starts instead.
- The steady state in this invention is a state that
several wafers W have already been fed in the processing
30 section 3 and the unnecessary waiting-time consumption
discussed above is occurring over succéeding processing
units. '
The maximum processing-time control disclosed below is
performed in this stéady state.
35 In this control, each processing unit performs
processing for the maximum processing time Tmax, as one cycle,

calculated by the controller 13 in recipe settings. The



-. 7 FEB 2005 21 within a processing time over two processing units agai nst
one uni-t, by which unnecessary waiting-tinme consunption occurs. D7sEE®2ed

. bel ow i s) pre-waiting tinme setting before 5 devel opnent processing DEV. The
axi mum processing tinme Tmax is calculategl Iike the first enbodi ment. Each
unit perforns processing per maxi mum processing time in the first

enbodi nent. Like the first enbodi nent, the second enbodi nent could suffer

from 10 unneB@¥IBPR RECEFFHIRY MO RRANPES SRTABLIRS LASTAYINEI RRTEP Dy

l'ong processhnengdertsds ¥ /m cSHEImEANSE aSAM Wn YRidUtaGridd By (PIRELHHR-G ON
w || cause changé in pattern width, etc.” In order to solve such a problem

the second efbBAPREREIAG] tife (A ndermeRch dwddsibyy thernuhee Horiditg to

a 15 two-cyclgehtiBa3OuhfiBs ‘Bnnet APHEEESAI dthd Bl BYTBXPrbeEs 884§ Urttel nal
processing requires the least, waiting time before a net processjng tine for

devel opnéht . eFHBLRRXFPruRdHdcdsi RS tThe BRSGANALRY o tiFe potheedifisur e

baki ng PREBAK-Bseg8RfigStIimel addPirel pRRt-rafd Adr ikix8a, a net
processing ti1me TrmaxBDb, post-transfer tinme TnaxBc and a waiti n%ﬁtl e

a ,
Tnax8d. The maxi nufPBPBEEssiY thiendeTRhB1B9\ARPATA e DEYOF PAYLLRAF T

consi sts of Eoﬁgést_rrpﬁéééésihg’eti'ﬁﬁ@xgmhe&l BEHiRIBHCESI Fige v thitmeder a
post -t ransf e{aat | me

Tmax9c and a 25 waitin tbme Trmax9d. T{1e Er,e-tr,ansfer
time Tmaxa ahd™EhdHoRetRTaRgssing Frém?r?d%ot ERAS T TSl hiME&YVSSeri od.
Therefor® ia thie epByUdi mhet makifuwaproreslsiifg timeBdnfnr ishegiven as

t- ing uni t PREBAKING i t,before the net ' d
Phe. val 11 nGePRRE2 TREIGSr ChRe B4 Fng 37 THE OPTORRHE 5hase S The

settings of f tdehhéchiadevedoping hipparaftuer DEVe net post-exposure baking
processi ng PREBAKI,II,\IES biéé before the net qI:eveI ogmant.}pr.oc

Accordingly, wafers W ar?\g%settprréjr?s%sesrlrr}sgd 8% Re® dete dﬁné%?kgggc%sssﬁhneg for
t he m ni mum mambmum. phrios:eSEIia@bctdjnmermnaMpi | end heeheasTmaransf givta'msi S
ey et U Tk 0 cbb 2 AT LAl Agod g ibdrages
22 - 7 FEB 2B¥B is installed and addition of the pre-transfer time, the

net time and the post-transfer time gives a time tEXP.

Each wunit performs processing for the maximum
processing time Tmax as obtained above as one cycle.

20 Therefore, the requirement (pre-transfer time) + (net
processing time) + (post-transfer time) < Tmax (1 cycle) is
given to the processing units other than those requiring the
maximum period consumed per unit. These units thus perform
processing for (pre-transfer time) + (net processing time)

25 + (post-transfer time) + (waiting time). One cycle may be
determined as (maximum processing time) + (surplus time).

The following is disclosed with Tmaxl, Tmax2, .., and
Tmaxl2 (= Tmax) as one cycle for each unit for processing
a wafer W that has been firstly transferred to the processing

80 section 3, with reference to a timing.chart shown in FIG.
10 in the steady state.

For the maximum processing time Tmaxl as the first cyclé,
the wafer. W that has been firstly transferred to the
processing section 3 is fed to the alignment unit ALIM of

86 the third processing-unit group G3 for wafer positioning
(step S1). Before this wafer W, in this steady state, several
wafers W have already been under processing in respective



“of waiting time occurred at the cooling uni t COL due to allocation of

one-cycke time to each processing unit. A waiting time for each ofy gttt 2005

. pre- baki)ng PREBAKE and t he cooling COL before exposure EXP is al so adjusted

i.n the 5 sane way as di scl osed above. gli scl osed, this enbodi nent

achi eves short waiting tine after thermafl processing, conpared to that in
the first embodi ment, thus providing a substrate-processing systemthat
hardly suffen8itsomft AyenBIrosiessdmng sEFtHiaftidsed in this enbodi ment is the
wai ting-time adjus Nt or oclg?é t vel t pEV or
pr e- baki ng PREBAKEngome}g/%rmh%?‘mHﬁ ust méi’ ?&?ﬁe{ %ﬁaggcegﬁ%%um ts
cannot produdefined esse mIE-trgnSiar ﬁJtmq sf%ﬁlbkir%sﬁmbl@m@lﬂﬁk%n of
varting- t1 me,ageustiiiis tt e EndS a1 igfnfbrt. ANPIEYALEM) ﬁa’ﬂb’s@rﬂ§? the
waiting tinme after thermal processing. vvaltlngtlmaajustrrent or
exanpl e, & eqRFPEGSEANTt Hride pFRE YRy WitanmRiitor candy@Mepdenta VPRSETaxBa

- mn + TMaxBeapnsFel flﬂ@@@ﬁl &8 Fot %?ﬁé?@tloﬁ‘é‘fﬁ -E@ﬁ(ltgﬂng%@r from

Accordi ngly, this_enbodi.nent | eves l'e walting-tinme adjustnents in
accor dance V\Hlﬁ phdanaens @ﬂh’ﬂeﬁ\l@bces& ng time Tmaxb to maxi mum
processing tine. ThhedeEabRE A8 inTPidn "ﬂi@eﬁ%le{eﬂ %\%Scltboﬁt'inaﬁﬁélén of
processing 25 tinme to two processing uni within a one-cycle tine. The

processi ng i AMaKe WhiGh regydzesst ¥ed ting Fh’éeé%ﬂsttfblrﬁ 8{1?1&9{% i ANcEhEs

enbodi merg. akfbbdeMentd! thereFese,! postha ddnsterempdidrrbrmed henceneot
di scl osed here. The substratge processi n%ioﬁéstem i.n th| s enbodi rrent |s 30

i dentical toWRRBTORAFEST (L ING £ 0 nivaditdng time Emaxid; insthe tho

flow chart sBpWgninBnkl Gni€ koM, hensy HolameditRNindts PtSPesSetlyifindi S
enbodi nent . Theﬁgl fference between the first and the third enbodi nents |ies

in the tim n rt for each processing. 35 FIG 12 is a timng chart for
t he substrate-procerei sgmenpbbtswaibodgnenine & fbi stkebolligemént tieit

Cor 15 pit obiel FoPCE R ATmmie précsBRing vhREs A Al Bedpkr e !

Li kewi se, a bhenc’yhbeetragulslggmhetrmamrpum bekiod consuPREBME wnit a

cooling unit COL, ni t
COL, and post- expo'gugce)"§ f |ng ﬁt‘%&%ﬁ@ an%og’{(%%aﬁgge?r%&%%éj
processi ng tadkesbentureic 88 by\g,hmmalnsamlmq:h@mysm Hor €orrhydirephobic
substrat e- pr?f@ééégﬂnﬁygt% shy) .| SAtﬂEﬁ&i(B%Céﬁge% b ot BieQ fn @

rocessing t
p 209

the wafer is transferred to the adhesion unit AD for
hydrophobic processing to another moment at which the wafer
W is taken out from the adhesion unit AD is the maximum
processing time Tmax2. During the time Tmax2, the next wafer
W is transferred to the alignment unit ALIM for positioning
26 (step S1).

Processing cycles are preferably set with a certain
interval between each of successive wafers W. For example,
a one-cycle starting time for a wafer W to be transferred
to the processing section 3 is delayed by about 5 sec., from

30 a one-cycle starting time for the previous wafer W.

Such interval for transfer time set for the main-arm
mechanism 7 among the processing units avoids interference
which may otherwise occur in transfer of several wafers W
by the main-arm mechanism 7 to the processing units. For

36 example, in this embodiment, a wafer W is transferred from
the adhesion unit AD to the cooling unit COL by the main-arm
mechanism 7 for 5 sec., and after that, the next wafer W is



10" processing and that for cooling processing is shorter than that for
exposi ng)nprocessi ng per exposing apparatus EXP or devel opi ng procgs&ith@0per
. devel opihg apparatus DEV. Allocation of a one-cycle tinme to~ each of the
t-hermal processing unit and the cooling yrit in this case will result 15 in
a long waiting tinme conpared to a net processing tinme. Accordingly, a
one-cycle tine is given to these two processing units in this enbodinent
for avoi di ngté:l?@ﬁt?erﬁﬁ%gFO%‘eq}i? AgdanmentounipiAlIM §p the ashesian weitni t
PREBAKE and e £33 &0@ddlg unit CO., a one-cycle tine is set in the order
of a pre-transfer tinme Tnax6a-1 to the pre-baking unit PREBAKE, a '
pre-waiting tine THREOHALISINEEqy sthch Bydrorhohis Processring hagakeny, a

post - t r ansf ecompTR tB®RX86rl dHOMlihR PrRakaki 1@ @H@&&&@N@o dcooling.
pr e-trans%er tinme TrrangGa‘-Z to the 25 cooljng unit , a a _net gr ocesgl ng

ti me Tnax®b- PXPEFSEFAY g thepSaekinghdiekt (G (HE8BSD) f £0F Ehe BHBEI ng

unit COL. VAirina®g .t i MRe TodasRong eedss sy Tegmx B i‘i’e%@ﬁfécﬁ%? hay ehber
processing units in the sanme way., Allocation of a one-cx{gl e

. ¢ Ime"to two
processi ng ufMPBI3GNEs Igudc TAEHF iGed SRS hURBES CRLkbEP 6PLéyc| BRef or

enhanced t hr coghpuy. unbt M) BoAldveagt bens €a8cbed apdm ethdL R hief uRits

processi ng tggﬁ fgr #&@4“”' tﬁhlﬁ | on Fr tha‘n,ﬁue max| mum pr ocessi ng ti ne
for each of & Y8niPL4 GPt hhe t"{’i‘ﬁ% heVW 381 bt RRE IR FREST BitRhERE wo
uni ts asll hepreyious padeessithattismnddy eReasroedHengYial Ehel 81 8aYede
allocated to éh ee or nore processing units. - 7 FEB 2005 24 Fotrth

Enbodi ment TH&-First enmbodi ment i ncl udes the cycle-tine settings based on a
period for a waferThét ani¢naeldatigachfpomcanshgg identidall ptddééssing

enbodi nment , .1 he.qt n includes cycle-tir ttings for a,tenporal
cycle tinme (‘gg #gdl\%aggrgfrggﬂlgfink%ﬁ- en&ﬁ’@é:d'ﬁoﬁ‘r}r?erc”gsiiﬁﬁeg ona Signal

wai ting-ti neoubpsunipyi@rsexmle (niate shewai )nafttteicheichab eachetnbasedriohs a
period fgy ag E-Sf--c\/)é{é?nﬁ %é‘cﬁ&c APGARHNG M h 12 ié”}?éxpfénﬁle oral
10 cycle time (called transfer-induced unnecessary wal fll. ng~ti e consunpti on
cycle time hRFerpasing ebrvalpontrapsferrimg i arehhedentats wafer3y imat is
set based onjg @eridg. f aha slr Wdipde fd r ; Syst em
structure in this enbodinment is irdentiﬁ%:,’ta}f9 tf{%ag##ﬁ%&ﬁl?sﬁee}ﬂ%fnent
and hence noR@¥®Lctdsed here. 15 Calcul ation of the transfer=induced

unnecessary waiti Méé%%mi&ﬁ&%%&cééé@né; ré’x&?f@ﬁié r&ﬂh@ﬁ&' 1 €
araneters tequired for calculation

contr ol Ié’rong cycle ti gee%nj s dj scl gsed. )
of the t9ansteFAHHR i s SR8y SAAE: PRECEFRENIc dRsTRPEFBEA 99 At e
time are setaamfledt Wowd 1l1SabtainteigbreswatfNeheystevioas waféal wacha time
"cra" herei nfg t@ﬂ efmwthe first ._sub-.arghgechi%iﬁ m6 froma nonent at which
it takes out™a wale FrBRPEeSE 4Rt PeteR PR EFE 9D ARy unl oadi ng secti on
2, via transferrimutieg vhkcring Thaxd ,ca pradeasyi(opeaHwateaf behéndnadestsi ng
section 3, .t i YA Y h h .the,alignnent unit
1R el oot et e e S btk e THE s B8 c s Py R

ALI M or the extension uni monen t the
next waf2ér Whertwaferdgd 'row undesethefopodingpbrocaissibgsds sulpjedtad sane
type of sub i pes.
set " secondaryy TYCRORIRAT BosKREiy H vidatiies (RN, 8D CHELESHY)

her ei naf t er J@nchangthamwaferalW (twpevpbar behinddditet afieenstime arafier to

transfer a wrhel YhEELM e RFRPHOML &' Broded MY R8M t#2hk el PeaCps tifyC! ©

alignment unit ALIM and subjected to positioning.

30 The wafer W for which the cooling processing has been
completed is transferred to the resist-applying apparatus
COT in which a resist is applied onto the wafer W while being
rotated for the pr'ocess_ing time Tmax4 (step S4). During the
time Tmax4, a wafer W (one-wafer behind) that has transferred

36 tothe processing section 3 is subjected to cooling processing
in the cooling unit COL, another transferred wafer W
(two-wafer behind) is subjected to hydrophobic processing



35 processing section 3. A period required for the main-arm8 to transfer a
wafer W.(froma one unit to another for one cycle depends on each wuri FEB 208
.time "prR" thus equals to a period - 7 F E B 2005 25 required per unit
for the main-arm8 for one cycle. Set thilgdly is a period in one cycle
(called a tine "ira" hereinafter) required for wafer transfer between the
processing section 3 and the exposing apparatus 12. The tinme 5 "ira" is

obt ai ned by f# t FReyiafhesiomnyndt (RAhe (S%eP b§29) he FdbELididl sarpshep”

The transfer thiafs ferifed Sy£hdAl RedtRebeWRheer\Weniddgi Nk aspeydeted Ofo Whi ch
a water Wis transferred fromthe processing, section '3 to the” exposing

appar at us 12P985d taening gerthel abkonpert ekt REEYM (B¥ept8kdén out from 10

the exposing appar aigs #2tnhihe theBatceRding bBBc@BBHﬁg ehimekeRmaksrtyaf er
transfer and receiving within one cycle. The. "time "ira" i1s obtained, for
exanpl e, &s Tmaxldgcwrfgrghimrasubisated tq Fespestive progessingrore
MaXi mum ti MepgTene Hhe tHY R NAUHBRENTy lidPts CihicHid | ABL " @idc188dati me
"ira" calculafed as above is set "as the transfer-induced unnecessary

wai ting-ti ne¥8eNglmption cycle tine. Calculation of the wafer

remai ni ng-i nduced YRREREEEAW o¥eirh i 8H fd s 1€ RRBUBBEH UV € wiilc B8 n(VRE er
remai ni ng20 i nduced .rate controlli ng t_Sc!%/cl e tine) is not disclosed here
r

because it i BXQREESHGoGIMEorEKE + angfereed fia $henBeerhakisdd Briher
the waf e10 r ePREBRARE- iatd udrd sSHA1EC &S5 B Weditt NGrdd¢&®s LOGStRE i DRagycl e tine
or the transfer-i nﬁ,g?‘gd égsungeggssgr% wali {;i.ng-ti me- consunpti on )g%l{l:éf tinme,
| arger than the ot F&FS +i 8As8Pd,8B; ROV KBEFLFalyBPEtiPRE. Of tapee % ned
next as di scb@stHebpkewbukéhbeunti RePREBRREabrCythert therfald Peocsssing a
l egitimate cgglé_ﬁgt.i me. In this enbodi nent, any cycle tinme other than the

legitimate 3 I’e tine is a provisional cycle tine for decision of cycle
time. Several typeA bhepmatepgbngssiagsaqientliodl hysparbdoordl p2ropegedi mat e

her ei nat oy ) TPURLGR ChrabEal LA, FrlehbCRIbER, 67, 8.0 8o BRELE 16
- (call ed a stwhieh anvafarr@isfplaged rand pedtedws Fhecbsti pdagast0deinre
the wafer Wisoliapal Gitabdet{f @HOELARHIRPALRLYS) I £t pidE 104 £&B 2005
supporting the wafer W during'wafer transfer into and from |
. the thermal processing unit 101. The lower ends of the lift
20 pins 104 are connected to an elevation drive mechanism (not
shown) via a pin-supporting member 105 so that they can be
elevated Ithrough the hot plate 103.
An upper cover 106 is provided over the hot plate 103
with a space S therebetween for wafer transfer. An exhaust
26 pipe 107 is connected to the upper cover 106, for exhausting
gas that will be generated during thermal processing.
Installed further in the block 102 is a cylinder shutter
108 that covers the space S and the hot plate 103. The shutter
108 is also elevated by an elevation drive mechanism (not
30 shown)..
A wafer W is taken into the thermal processing unit 101
while it is lifted up from the hot plate 103 by the 1ift pins
101 during which the shutter 108 is éle\;ated so that the space
S is closed. The wafer W remains an up-lifted position while
35 waiting for the pre-baking processing;
In thermal processing by the pre-baking unit PREBAKE,
the wafer W is taken into the unit for a pre-transfer (before



The starter unit is a CPL unit that is capable of wafer transfer to the
exposi ng apparatus 12 and al so wafer processing such as cooling.- THREB 2005
.ira-transfer tine is the total of armwafer 5 transferring periods anong
t.he processing units until wafer transfeg to the exposing apparatus 12 is
conpleted in one cycle. For processing units capable of sinultaneous wafer
transfer and receptjon, it is preferahle to add val ues each obtai ned by

divi di ng a (REARSHTIRG hdting THaxo@,888 WaLkanke® Poa-wad tigwLi(Pedorsr " such

unit is justprpdeddimd) tOemé ronsksh whike £8l ¢yl aiedenexb.is a period
(called an ira-progcessing tine) required for processing in_the starter
unit. The tenpor alThEA &5 SHOWs 18uBLFacBBd FReafer W s ddddred dowre 15

and the irady eaRShbRIpLATE 103 Aiidid) tde 15FtdphaY 104arS nfd}dPWdwn,
(ira-delay tine) - ~(ira-transfer tine) + (iraprogessing tine)} - gterrporal
cycle tife) Fife RTR-RAFERT t9%k 3 RFEREICESHERT OBINEr TRAKCR B&ESPOSSVart er
unit perforEmdreages nGubeydsh t fRet GIRAUBAKDYVE| @nlitTeprIBARBULFEY Clae-ti e
settings so that no ira-delay tine is gégguced, unnecessary waiting-tine

I
consunpt i on BASY-F@RFL & e( IBE§F RIEQSE %) t hem8t AMAEPduni t even t hough
the other units imrhd ROYPUVEEHNY Hesit LANSEFET £ ORE) PEREEpEenGaitlifigh 25
the-cycle time. In order to avoid,such occurrence of unnecess r¥ .
Wai ti g ti s IR i DRt PEOFSSAARE! FiMld ANbL e PASCANERBSORToF 1fe i me
"ira" and tleuvals delthe proeessihgngigie rhanst eTharparalrmaxshe+ ttmaks5cThe

addi tion Iorlg?r t the 30 tenporal cycle tinme will cause unnecessary
wai ting-tinme T0on due to processing in the starter unit to the other

units. It is thus Thet eafiefred ihahepr subgechgd to tdw i aroassding lih cause
unnecessary i ting-.ti n tion_to_all 35 processing._i.n processing
units incl ug'}p%gctoh%g‘lﬁ1 rr?lsr&ﬁ:n efﬁfogeggf)ﬁgesg‘é@{%i %ﬂ‘m? \Aﬂ%ﬁ‘G( t(isr%?p' |§r%a)t) +
(i ra-del ay waingdeyhen(tranpbentedyioite tiheeekposAng whih EXR ifiver expasuret (

i ra-del 27 - FER !ﬁg% ' ' ' h it e cle
tinme. Owﬁlt hé:%yota hgrlvﬁ%ln , en (fc%’imrara}e éf?gg%?ﬁg(@;ﬁ}lé-glg%gg EF%ED Szx’
(tenporal cyétd pexnipheral isxppsvarabyndda paripherad Sx¥ppd ing pppsratusr unit
w || not cayge unnecessary waiting-time 5 consunption to the other
processing units. The tenporal cycle tine is thus decided as the legitinmate
cycle, tine. As dide@ ¥3égr WHicr whaehi FhatexReT BV PHQISEHIRg A8 behne

settings undempletddaratd ihHe eI GES S ;?@éﬁié‘ﬂpééﬁ_?ecﬁaﬁﬂﬁgt taRtdue to
st er

processjing in_each ynit and 10 also to tran

rocessi ng. Thi s enbadi ment
uses a %(Pocgg:gip‘ﬁ& Wit l&satﬂ’l’ée?f’é"f"t‘%ffeﬁn?%‘?ef?“&ﬂw’?%i"g}i]e?\%é"f éf hifsed
transferredupofibf €KBOROBUpBRDEr BO 31y A hd\ali fanlpinshalnl hewesdownatiyy ot her
uni'ts such gz th% 15 extension unit EXT of the processing section 3 can be
used as the'&Farf& unit for decision of cycle tine in the sane way as
descri bed above. After being lifted up for a pre-waiting time Tmax8b,

the wafer W is lifted down on the hot plate 103 while the
26 1ift pins 104 aremoved down, for post-exposure baking PREBAKE
for a net processing time Tmax8c (step S8). The wafer W is
then taken out from the post-exposure baking unit PREBAKE
within Tmax8d.
The total of the pre-transfer time, the pre-waiting
30 time, the net processing time and the post-transfer time
equals to the processing time Tmax8 (= Tmax8a + Tmax8b + Tmax8c
+ Tmax8d).
The wafer W for which the thermal processing has been
completed is transferred to the cooling unit COL for cooling
35 processing for a processing time Tmax9 (step S9). Then, the
wafer W is taken out from the cooling unit COL and transferred
to the resist-developing apparatus DEV for developing



For exanple, the tinme "ira", the ira-delay tinme and the ira-processing tine
are caleul ated for decision of cycle time 20 in the sanme way as degceggoems
-above with the extension units EXT as the starter units, that are installed
i-n the third to the fifth processing-unigh groups G3 to G5 of the processing
section 3 and when the extension units EXT are capable of processing such
as cooling and al so, wafer transfer-in and 25 -out . The legitimte cycle

time di scl oddPEAY st RUPEPERSFORTJetdms dupxlithe(teepr8l0er 1BheThen,
based on t hevdfegi WliBithr‘EYléE’etJt:éﬂ?fei“Péd%"i:hglﬂ@gt-léalffﬁﬁgﬁgﬁttlﬁﬁoﬁﬂﬁ}ﬂ
or

pre-transfer_ ti ITE thg goit-transfer.t,l me, and 'so on, 3 e processing

units of thdAokAPEEAINRRA AN PEoqassing byhe greresyicde séoe Bnagllt he

interface sedikeoBhé atHekNeh &MPOSIPY¥bEEF i itslNe BLe- rejpge and

t he postgtr%\n%fgr ti,ne can be cal cﬂt}?gat ed I’??jeujf?lttﬁe ?i P{sct8 gégg?ﬂkﬁe%%hgﬁch as
ma¥s 1y isrsety for the mestrkakinansnit ROBAKEeal cul ated per

shown i n” Fl

X it . trol
processing unit amdeswared w ﬂs%ﬂéﬁ%ﬂé&%e&%@%e%%u&&tﬁ%@ﬂn ro

mechani sm ( not. shown ) connected to the units . = 7 _
control nmecRdnitdf A2 4 BSGhaIESn Hy (rR% CQALling RTOReRS Heai fred an

accor dance pirbkeklsdngr ex i dTinig 100StdtanSEED )i MR FBEuPhegeHo ifygention
~is not lim Egd tgtt h% errg__odi mzl ts 5 disclosed above. In. other words, the
substrat e-proé}g? iﬁg ES/éF RPaScardi ng. to the present invention can be

gppl i egl(zjo any prAsedssofosiad} sa f@idi@r Whap tdres Uistd Qltrit%)t BhQCﬁléiinrlglémi tg
escribed a [Ie]VES es .0 rocessi,ng, units can be installed in 1
each pr ocesggég-eﬁ%libgg%‘(?ﬁ%%%?hé I:FIS})%&’ pcﬁrlp?%o mgrart 10 jEmar ks in

fl exi bl e. Thhepsteady smadeti on is applied to the substrate processing
systemused for p [ ap in_the foregoing enbodi nents. Thi

i nvention is, homggég%hgpggg’épp ecaBng'fggtol-veﬂﬂchg%sPﬁg%Qﬂ‘Feﬁf as
shown i n FlBroggsskngnént $henstkeadyy sttares sowthat a@h thithagedferide sane
as or aal oggy ;gke Lo Lhe sy own in FlG _1 are. referenced by
the sane re ergﬁ%glﬁ%ngggéésaﬁgn&j f‘lﬁn‘?)%gl?é%g&%ﬁ@%i%%c?%sﬁ%aﬂme Zr'g“al’ﬁe .
processi ng 4§Sidadshparaardance vi thathehea fendpngtess badi nec spetwidth 2 and
the processh MreSRditOThdt il fotitat BRel ' §posi ng
appar at us 12?&Nb,r eover,ggt kae proceassi ns%ﬁé%g?%ﬁf%@ﬂrﬁm%«#&% nd t he
second pr oc‘fe’s’g‘?rﬁd'l lﬁ*r‘i‘l‘:th §P86H§1cﬁr%ﬁ95@n6fwhhbe ERql vedesi Wolsdditfited 3 are
any processupg Siohsit dpastsed1vpi EscPbRginhhaRelh@ 1 ¥ st@Pp! Ying units COT
and th(gorem stdevw. It isfurther understood by those
skilled™in the ar ange and nodification may be made in the
30 invention witlrhils empadimegt! relailes %o bre—wad tS6RPe iinfeesRAfti Y eover,

w1 5 narSr W B RE B 8T S BHBPERcr BN o BE SO P G SRSE TN y,

that, hovewsritB3ty+himer esesumphient iarcwss. beThpplprestdss Ni¢- WAi theg in

i A i I T G
2 embodiment and hence not disclosed here.

The substrate processing system in this embodiment is
identical to the one for the first embodiment shown in FIGS.
1to3. The flowchart shown in FIG. 6 for the first embodiment
is also used in this embodiment.

30 The difference between the first and the second
embodiments is waiting timing for each processing. FIG. 11
is a timing chart for the substrate-processing timing in this
embodiment. The timing chart shown in FIG. 9 for the first
embodiment includes pre-waiting time adjustment within one

35 ~maximum processing time for one processing unit by which
unnecessary waiting-time consumption occurs. On the other

hand, this embodiment includes pre-waiting time adjustment



-. 7 FEB 2005 29 As discl osed above, according to the present invention, one
cycle is set based on the | ongest processing tine among processi ng7ufdg 2005
.and also a pre-waiting tinme is set within the set one cycle, thus
drastically decreasing unnecessary b wai tz'hng-ti me consunption di scussed
above. - 7 FEB 2005 30 WHAT IS CLAI MEDTS: 1. A substrate processing
systemincluding first to n-th 5 processing units (n =1, 2, ..., N, sone
of them havi wgthtinl aaprotessidgntimel ousict swboprpeefsingmynitesagainstt h
waf er - processi.ng r.given periods t1 to tn, respectively, the processing
bei g perfor PG IWERF aBy v B hnetahaty pEIRRBSRYERY, oioBhEF TR 1T,
of substrat escbairsg si nul t aneously 10 processed by different type of the
processing units faqe cl e; sy i.si,ng: I ' di ng
section for taki ngBﬁﬁggﬁg(\e\éutb%t%oépsh%s?ir:g{ne’g;ggghgi ktrs]?“et %fﬁgfﬂ*&géééc%llg% for
recei vi ndl t r devkedppineg tt lperocessiibgt MEes fronm to the | oadi ng/ unl oadi ng

section and transf i trat.es ok one _t S| t

processi ng units; gﬁ-ée%WP?%%gﬁ%é%& }Q'gﬁef a% gée‘?ﬁ%@??%ﬁ&ﬁ%ﬁﬁ% t he
substrates ofiérby emeodinento tReclhpuodésgenfonms tpx;ocess Dy pecanaxiohder f or
control ling ' tr, S | QF h ansf;, cti d the
processi ng uh??ggg\%ﬁéﬁ ttﬁ%ﬁ%ﬁ%nsttfe}g e‘ggg‘r‘;g %m%rr)l(?} g%é{(;)el’.l'ﬂ }13{%3:2184%%{&6%@,[ he
di fferent typmbodimgndcesthey @eicondso anfwdisent pramelsdi mpifex pfowesses

t he subsiq at : ne ope-cycl ' 2 orr .
| east toMeit EPQQEFP%% to%#g%r%gg%g? tic?r)e&%{rﬁgpa&g%%onzogot ﬁ%?%r%f% time
, which everfpilpregdeby lang presessdngl for pafleunitre Burhginnecesaany of
periods in tHg;enRGC¥ShE EORshRSL ibASiT RAREY R&ALL o Eﬁﬂﬂbﬁ:ﬁ%{&t{h,
receiving/transferiing each suostrateJTrOMto t%e 30 | oadi ng/ unl oadi ng

section and €F8nsfER OLdER he sQbee Sach adroklen ddhst serengreyeeedingtni t s,
the second ta§3hstsangeer mhkiRube gbdds {0 Ak iRk RS+ PEPpoRaiRg Qe g£ycle

for the second transfer, . .
15 two-cycle time so that a net processing time Tmaxb for each

thermal processing requires the least waiting time before
a net processing time for development.
The maximum processing time Tmax8 given to the
- post-exposure baking PREBAKING consists of a pre~transfer
20 time Tmax8a, a net processing time Tmax8b, a post-transfer
time Tmax8c and a waiting time Tmax8d. .

- The maximum processing time Tmax9 given to the cooling
unit COL consists of a pre-transfer time Tmax9a, a net
processing time Tmax9b, a post-transfer time Tmax9c and a

25 waiting time Tmax9d. The pre-transfer time Tmaxa and the
post-transfer time Tmaxb require a certain least period.
Therefore, in this embodiment, the waiting time Tmax8d
for the post-exposure baking unit PREBAKING is set before
the net processing and thewaiting time Tmax9d for the cooling
30" unit COL is set at zero. The settings offer the least waiting
time after the net post-exposure baking processing PREBAKING
but before the net development processing.
Accordingly, wafers W can be trénsferred to the
development processing for the minimum time in this
35 embodiment while the least transfer time is required though.
This embodiment thus advantageous than the first embodiment

in which development processing is performed after the elapse



- 7 FEB 2005 31 section required for

fromto\the processing units. 2. The substrate processing system
5 wherein the controller cal cul ates the maxi mum peri od anong
periods t1l/mto tn/ mobtained by dividing%the periods t1l to tn by the

.to clai 1,

nunber "nf

of the identical units of the

sets the maxi num anong the maxi num period, 10 the first total transfer

and the secofd wedtding time escuhrednetcytdiee ¢dalkingrundht COL idup tte

receiving/transferring the substrate

di0hg

irst to n-th processing units and

time

~first and thgligggg_ohrgga%%%_gﬁgg%p@%m%&téﬂg% lﬂg?gégé%ii ?ﬁ%ftng system

according to C

| erel |"éast one of t*he proc hits

is a

substrat er ecei vi ngAuwditing tineifidmeanid ofr bhespregbakihgsPREBAKEeand he

controll er

substrate-recerving un

' t t YA e} [ . iqd.fo he

cERP\ a5 Ehly 0 i et BoHoR S B T0aTE5, BHaREEE b g o ana
setting thhe faRenWAYaAsndisnéosetakboyesi vi ng and processing peri od, fhe
first total transf ) t C e | ) r e
tims, 4. The substiaratprsooed; nfE aos LAERE Mot Fed e n e AT TG 5

conpri si ng:
recei ving thgpy

substrates

10

15

20

25

30

35

Bine @been ¢ eppwalapuscessdng ,t hiomparedrsd drhagedn bhef Hirst
to
that hardly suffers from thermal effects.

Disclosed in this embodiment is the waiting-time
adjustment for two processing units before development DEV
or pre-baking PREBAKE. However, if the adjustment for two
processing units cannot produce the least waiting time, it
is also possible to make waiting-time adjustment within 3
X or 4 X one-cycle time to shorten the waiting time after
thermal processing.

A waiting-time adjustment is, for example, required
for three processing units before development when Tmax8a
— min + Tmax8c — min + Tmax9a - min + Tmax9¢c - min < Tmax10b.

Accordingly, this embodiment achieves flexible
waiting-time adjustments in accordance with the ratio of net
processing time Tmaxb to maximum processing time.

Third Embodi !

This embodiment relates to allocation of processing
time to two processing units within a one-cycle time. The
processing in the transitional state and the system structure
in this embodiment are identical to those for the first
embodiment and hence not disclosed here.

The substrate processing system in this embodiment is
identical to the one for the first embodiment shown in FIGS.
1l to3. The flowchart shown in FIG. 6 for the first embodiment
is also used in this embodiment.

| The difference between the first and the third
embodiments lies in the timing chart for each processing.
FIG. 12 is a timing chart for the substrate-processing in
this embodiment.

In this embodiment, the processing in an adhesion unit

(

?ﬁgiﬁ\éﬂk?stfrmh%mﬁx}b%ﬂﬂ?geséi BEpURLLE 2B oSy d i diie



exposi ng apparatus, 30 wherein the controller sets the naxinun1anDnthFg 05
first tqtal transfer time, the second total transfer tinme and a thir o?ém
transfer) time for the third transfer section required for the one cycle, as
t.he one-cycle tine. - 7 FEB 2005 32 5. ghe substrate processing system
according to claim2, wherein 5 the cont 8l ler controls the first transfer
section and the processing units so that the processing tinme required for

each processing amd t aceooddpendmi® COe dre-s¥eE6rmede fof the saRshamt e
processi ng s¥§ten1accor3§£%bto claim5b5, 1o where|in the processing tine

required for PEREFSSEG THAN2 A MAMREY S Priet®®ansfer tinme, a net
processing tine, aLpleviseprsbre-tyoteaiingibl¢ivéhty #praiddkihid unes. 15

7. The subst ocessing system according to claim®6, wherein the,
wai ting ti maéﬁgﬁé?( | PB@a?e RY AT LQLer %OHBSGf'e?‘Pé’SHF@- PRkABgeRit e,
the net pjocPOBAKE shdea aodllihe pasttcensfaid Porr Jekgdi iy BaRIhighgnit Ne

required for 20 _processi.ng unit. 8. The substrate processing system
accordi ng tol’@gg&rﬂn ?“%Mi‘eFé’ﬂJr ‘H’r’Jcé%%Ifng units include at |east one

thermal 25 processingromedsify Thre SEHS!EE ecP6 DERGSANYL SYSILE] ECPETH NG t O

laim8, wh ' h . mal ' it h heat i hani d
5071 110" up mECRRR ST { DR oIS SPa BN 51 89 < SRR ol EL 1GRUR | &

di stant fromekpechedt thgtnehbaddinishef hepirocoprderssing ot tMeihang for
thermal ﬂfocﬁas.‘a.hggs\f\.’ﬂigl gn‘dh%h.laicf%égpcooling processing is shorter than
that for exposing processing per exposing apparatus EXP or
developing processing per developing apparatus DEV.
Allocation of a one-cycle time to each of the thermal
processing unit and the cooling unit in this case will result
15 in a long waiting time compared to a net processing time.

Accordingly, a one-cycle time is given to these two
processing units in this embodiment for avoiding such
improper settings.

For example, for the pre-baking unit PREBAKE and the

20 cooling unit COL, a one-cycle time is set in the order of
a pre-transfer time Tmax6a~1 to the pre-baking unit PREBAKE,
a pre-waiting time Tmax6d, a net processing time Tmax6b-~1
for pre-baking, a post-transfer time Tmax6c-l1 from the
pre~baking unit PREBAKE, a pre-transfer time Tmax6a-2 to the

25 coolingunit COL, a a net processing time Tmax6b-2 for cooling,
a post-transfer time Tmax6c-2 from the cooling unit COL.

Waiting time Tmax2d, Tmax4d and Tmax8d are also set for
other processing units in the same way.

Allocation of a one-cycle time to two processing units

30 as disclosed decreases the total number of cycles for enhanced
throughput.

This cycle allocation can be applied even if a
processing time for two units is longer than the maximum
processing time for each of other units, with setting the

35 processing time for the two units as the maximum processing
time. Moreover, a one-cycle time may be allocated to three
Oor more processing units. .



"7 FE8 2005 33 nechanismis holding the substrate as distant fromthe
heati ng mechanism 10. The substrate processing system accordi ng7tREB RS m
2, 5 wherein the processing units include one devel oping unit for

devel oping a resist applied onto each %ubstrate. 11. The substrate
processing system according to claim2; “wherein 10 the processing units

I ncl ude at | east one exposing apparatus for exposing a resist applied onto
each substrate. #3yrfhersubstinRif processi ng systemaccording to claim?2
further conprises 15 a second transfer section accessible to each of the
processing uni ts Tt firafserpprageaichnalnder dike tysherfelne seid Matessi ng

units to aygseeronlé pef i ek Qf wRFREERSEH G drih £n %Z%P%tar&{ cfé?ses%ﬁ@

system 20 1 ncl udi ng |rst to n-th processing units , N sone of
t hem havi n@naf- | east two identical units for performng flrst to n-th wafer
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10 cycle time (called transfer-induced unnecessary waiting.-
time-consumption cycle time hereinafter corresponding to Tmax in embodiments
1 to 3) that is set based on a period for a wafer W to be transferred by an arm.

The system structure in this embodiment is identical

to that for the £irst embodiment and hence not disclosed here.

15 Calculation of the transfer-induced unnecessary
waiting-time-consumption cycle time (transfer-induced rate
controlling cycle time) is disclosed.

Parameters required for calculation of the
transfer-induced unnecessary waiting-time-consumption

20 cycle time are set as follows:

Set at first is a one-cycle time (called a time “cra”
hereinafter) for the first sub-arm mechanism 6 from a moment
at which it takes out a wafer W from a cassette CR in the
loading/unloading section 2, via transferring the wafer W

25 to aprocessingunit of the processing section 3, that firstly
receives the wafer W, such as, the alignment unit ALIM or
the extension unit EXT, to another momerit at which it takes
out the next wafer W. The time “cra” is set, for example,
at 20 sec., for the same type of substrate-processing system,

30 however, depends on system types.

Set secondary is a main-arm cycle-round time (called
a time “pra” hereinafter) that is the total of periods
required for the main-arm 8 to transfer a wafer W from a
processing unit to another unit for one cycle in the

356 processing section 3. A period required for the main-arm 8
to transfer a wafer W from a one unit to another for one cycle
depends on each unit. The time “pra” thus equals to a period
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embodiments.
Either the wafer remaining-induced unnecessary
waiting-time~consumption cycle time or the transfer-induced
25 unnecessary waiting-time-consumption cycle time, larger
than the other, is set as the temporal cycle time.
It is determined next as disclosed below whether the
temporal cycle time can be used as a legitimate cycle time.
In this embodiment, any cycle time other than the legitimate
30 cycle time is a provisional cycle time for decision of cycle
time. Several types of processing are sequentially
performed per legitimate cycle time. '
Calculated first is a period (called an ira-transfer
time hereinafter) for which a wafer W is transferred to a
36 processing unit (called a starter unit hereinafter) that
performs processing just before the wafer W is transferred
to the exposing apparatus 12.
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The ira-transfer time is the total of arm wafer -
transferring periods among the processing units until wafer
transfer to the exposing apparatus 12 is completed in one
cycle. For processing units capable of simultaneous wafer
transfer and reception, it is preferable to add values each
obtained by dividing a transfer time by 2 because a transfer
time required for such unit is just a half of the transfer
time.

Calculated next is a period (called an ira-processing
time) required for processing in the starter unit. The
temporal cycle time is subtracted from the ira-transfer time
and the ira-processing time to obtain an ira-delay time as

follows:
(ira-delay time) = {(ira-transfer time) + (ira-~
processing time)} - (temporal cycle time)

The ira-delay time indicates a period for which the
starter unit performs processing beyond the temporal cycle
time. Without cycle-time settings so that no ira-delay time
is produced, unnecessary waiting~time consumption will occur
due to processing in the starter unit even though the other
units in the processing section 3 perform processing within
the cycle time.-

In order to avoid Such occurrence of unnecessary
waiting-time consumption, it is determined whether the
addition of the time “ira” and the ira-delay time is longer
than the temporal cycle time. The addition longer than the
temporal cycle time will cause unnecessary waiting-time
consumption due to processing in the starter unit to the other
units.

It is thus determined that processing in the starter
unit will cause unnecessary waiting-time consumption to all
processing in processing units including the units in the
processing section 3 when (time “ira”) + (ilra-delay time)
> (temporal cycle time). And then (time “ira”) + (ira-delay

@Oo% (& ()-
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waiting-time consumption due to processing in each unit and

10 also to transfer processing.

This embodiment uses a processing unit as the starter
unit, from which a wafer W is transferred to the exposing
apparatus 12.

Not only that, however, any other units such as the

156 extension unit EXT of the processing section 3 can be used
as the starter unit for decision of cycle time in the same
way as described above.

For example, the time “ira”, the ira-delay time and the
ira-processing time are calculated for decision of cycle time

20 in the same way as described above with the extension units
EXT as the starter units, that are installed in the third
to the fifth processing-unit groups G3 to G5 of the processing
section 3 and when the extension units EXT are capable of
processing such as cooling and also wafer transfer-in and

256 -out.

The legitimate cycle time disclosed above is calculated
for example by the controller 13. Then, based on the
legitimate cycle time, the controller 13 calculates the
pre-transfer time, the post—transfer.time, and so on, for

80  the processing units of the loading/unloading section 2, the
processing section 3, the interface section 4 and the
exposing section 12.

The pre-transfer time and the post-transfer time can
be calculated like the first embodiment such as shown in FIG.

35 10. The pre- and the post-transfer times calculated per
processing unit are stored in a database (not shown) and sent
to a control mechanism (not shown) connected to the units.
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timing decided in accordance with the pre- and the post-
transfer times.

The present invention is not limited to the embodiments

5 disclosed above. In other words, the substrate-processing
system according to the present invention can be applied to
any processing units other than the substrate-processing
units described above.

Various types of processing units can be installed in

10  each processing-unit group. The number of processing units
is also flexible.

The present invention is applied to the substrate
processing system used for photolithography in the foregoing
embodiments. This invention is, however, also applicable

15 to a processing system such as shown in FIG. 13.

Elements in the system shown in FIG. 13 that are the
same as or analogous to elements in the system shown in FIG.
1 are referenced by the same reference numbers and will not
be explained in detail.

20 The processing system shown in 'FIG. 13 has the
loading/unloading section 2 and the processing section 3,
without the interface section 4 and the exposing apparatus
12. Moreover, the processing units installed in the first -
and the second processing-unit groups Gl and G2 of the

26 processing section 3 are any processing solution-used units
other than the resist-applying units COT and the resist-
developing units DEV.

It is further understood by those skilled in the art
that various change and modification may be made in the

80 invention without departing from the spirit and scope
thereof.

_ Moreover, the foregoing embodiments are disclosed on
pre-waiting (before processing) while a wafer W is lifted
up in each thermal processing unit. Not only, that, however,

35 the present invention can be applied to pre-waiting in which
awafer W is once remained in an empty unit such as an extension
unit EXT before it is transferred a thermal processing unit.
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substrates;
a first transfer section for receiving/transferring the

15 substrates from/to the loading/unloading section and
transferring the substrates one by one to the side of the
processing units;

a second transfer section for receiving/transferring the

substrates one by one from/to the processing units; and

20 a controller for controlling the first transfer section, the
second transfer section and the processing units, when the
substrates are simultaneously processed by the different
types of processing units so that each processing unit
processes the substrates one by one within one-cycle time that

25 corresponds at least to either a first total transfer time or a
second total transfer time , which ever is larger, the first
total transfer time being the total of periods in the one
cycle for the first transfer section required for
receiving/transferring each substrate from/to the

30 loading/unloading section and transferring the substrate to
the side of the processing units, the second total transfer time

being the total of periods in the one cycle for the second transfer
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sections.

3. The substrate processing system according to claim 1,
15 wherein
at least one of the processing units is a substrate-

receiving unit for receiving and processing each substrate, the
controller calculating the total receiving and processing period
for the substrate-receiving unit for receiving and

20 processing each substrate and setting the maximum among the
total receiving and processing period, the first total transfer

time and the second transfer time as the one-cycle time.

4. The substrate processing system according to claim 1 further
25 comprising:
an exposing apparatus; and
a third transfer section for receiving the substrates from
the processing units and transferring the substrates to the
exposing apparatus,
30 wherein the controller sets the maximum among the first total
transfer time, the second total transfer time and a third total
transfer time for the third transfer section required for the one

cycle, as the one-cycle time.
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10 wherein
the processing time required for each processing unit
includes a pre-transfer time, a net processing time, a

post~transfer time and a plurality of waiting times.

15 7. The substrate processing system according to claim 6,
wherein
the waiting times are allocated before or after one of the
pre-transfer time, the net processing time and the post-
transfer time in the processing time required for each

20 processing unit.

8. The substrate processing system according to claim 2,
wherein
the processing units include at least one thermal

25 processing unit.

9. The substrate processing system according to claim 8,
wherein
the thermal processing unit has a heating mechanism and a
30 lift-up mechanism for holding each substrate so that the
substrate is distant from the heating mechanism, the thermal

processing unit waiting for thermal processing while the lift-up
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developing a resist applied onto each substrate.

11. The substrate processing system according to claim 2, wherein
10 the processing units include at least one exposing

apparatus for exposing a resist applied onto each substrate.

12, The substrate processing system according to claim 2 further
comprises

15 a second transfer section accessible to each of the
processing units for transferring each substrate from one of the

processing units to another.

13. A method of processing in a substrate processing system
20 including first to n-th processing units (n = 1,2,..,N)
some of them having at least two identical units for
performing first to n-th wafer processing for given periods
tl to tn, respectively, the processing being performed in
order from the first unit to the n-th unit, a plurality of
25 substrates being simultaneously processed by different
types of the processing units for one cycle, the method
comprising the steps of:
receiving/transferring the substrates from/to the
loading/unloading section and transferring the substrates
30 one by one to the side of the processing units by a first

transfer section;



10MM $#10%VIVE' () -! 1 $#109& () - ! DS#L0%&R () - !\ $#10%VVK' () - huxdEMA! 1]

10% o0& ()-10% o0& ()-s 10% o0& () - - 7 FEB 2005
10% o0& ()-910% o0& ()-9' 10% o&' () - Q@6X, }dEMA! 1]

10% 0& ()-10% o0& ' 6F"10% ] & ()- !'1F"10%KoXo& ()- S 10% & () - &@&10% o0& () -
Normal " "Headi ng 13]c" "Heading 23]c" " ding 33]c" "Heading 43]c"

"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Font[ (,2-1<9Al Qva~i Cqyj zKP$~3' g,

"$&(*, . 02468: <>@????}’%}%PQBE?“Ff@(f%%o‘?%%; SRTHIAPTIAC RE B udz| ~K, | " ;

oLl st 61 asy e Ryl o stcdia e section,
<=>7? @GABCDEF&J KLMNOPOQRSTUWWKYZ[ \ ] A" abcdef ghi j kl mopqr st uvwxyz{| } ~
controlling the first transfer section, the second
5 transfer section and the processing units, when the
substrates are simultaneously processed by the different
types of processing units so that each processing unit
processes the substrates one by one within one-cycle time
that corresponds at least to either a first total transfer
10 time or a second total transfer time, whichever is larger,
the first total transfer time being the total of periods in
the one cycle for the first transfer section required for
receiving/transferring each substrate from/to the
loading/unloading section and transferring the substrate to
15 each processing unit, the second total transfer time being
the total of periods in the one cycle for the second

transfer section required for receiving/transferring the

substrate from/to the processing units.



