re3ef LR>6Tfy _27 AUG 2004 Tile of the Invention DEVELOPI NG VETHOD AND
DEVELOPI NG APPARATUS Background of the Invention 5 1. Field lofU8 2804
I nvention The present invention relates to a devel oping nethod and a

devel opi ng apparatus for a substrate. 2. Description of Art
In a photolithography process in the sem conductor deV| ce E‘mmmm@m
processes, for exanple, a resist coating treatnent.

solution is applied to the front off a wafer to fornta resi ¥ | m

t her eon, exposure processing ,in which the wafer is exposed , a
devel opi ng treatnent in. which devel opment is perforned for JMQ“%“M@HWNHF
wafer, and the |ike are perforned in sequence to fo

circuit pattern on the wafer. f%ﬁeCﬁtheInb@nﬁBﬁ above descrlbed 3@Velop|ng

treatnment; a so-called scan net venti onal | y errpl oyed in -

whi ch a develmnmommothcnym\mmmwmo t AREAUS! onger than
upply DOF S

a dlaneter of the. wafer and hay a plurality of anng Its
| ongi tudi nal direction noves 'at a predeterm ned speed fromone , end to
the other end of the wafer whi | e supplying the 20, devel oping solution , at
a predeternined flow ' rat e Badlerenndsafthieyinvention devel opi ng sol ution' to
t he entlre face of the wafer to performthe developing treatnent for the
waf eP. Eﬁ@@ﬁﬁﬁbednﬁﬁéﬁdascrlbed - scan nethod is used, it is preferable
to increase t nmovi ng speed ,of the devel opi ng sol ution supply nozzl e and
the 25 supply 6@1'?%@1'3 16Vef1'ﬁ@nd'é’\l@l~3&}§® agdesslopingimeshod ahdzes dpvslopitg i n
"the V|e 0|n ' natc as nuch as possible start tines of devel opnent
Wi t hin ‘%U@ﬁu %@ face of the wafer. However, when the noving

speed of | opi upply nozzl-e or the like is too high, a
so- cal I_ %élg ﬁgn;ﬂﬂ%ﬁﬁ@ﬁfﬁ ‘gé@grs I n which waves . appear on the
devel opi ng SO'lrlT‘te?inghoscdﬁﬁlofr%ph TidiesS iR ehe %tegnconductornd)evwe rfabncatlt e

wavi ness pheno
10 processes for example, a resist coating treatment 1n whlch a res1st solut1on is

apphed to the front of a wafer to form a resist film thereon, exposure'
processing in wh1ch the wafer i is exposed in a pattem a developrng treatment
“in which development is perforrned for the exposed wafer and the like are |
| ‘performed in sequence to form a predetemnned circuit pattern on the wafer.
15. . Inthe above-described developmg treatment, a so-called scan method
o has been conventlonally employed in° which a developmg solutron supply
| “_nozzle wh1ch is formed longer than a d1ameter of the wafer and has a plurality
of supply ports along its long1tud1na1 d1rect1on ‘moves at a predetermmed
speed from one ‘end to the other end of the wafer wh1le supplymg the -
20 developlng solution at a predetermmed flow rate, thereby supply1ng the
' developmg solution to the entire face of the wafer to perform the developing
treatment for the wafer. _
_ When the above-described scan method is used, 1t is preferable to
| increase the moving speed of the developing solution supply nozzle and the
25 'supply ﬂow rate of the developmg solution as much as poss1ble in ‘the

- viewpoint of matching as much as possible start times of deVelopment. within




5 occurs, development is not properly perforned, finally caug Xﬁrse
effects upon the formof the pattern. Therefore, it is necessary to ﬁghtl
fine-adjust and set the noving speed or the like of the devel oping solutlon
supply nozzle to an adequate speed. When the recipe for the wafer is
changed and so on, , an operator 10 corrects he noving speed or the supply
flowrate by 'neasuring the line width or the like .which is finally forned
on the wafer, predicting nore suitable gonitions fromthe. measured val ue
based on his experience and the |ike, and changing the noving speed or the
| i ke by hand each tine. However, the corrections of the noving speed and
the liKe of the 15 . devel opi ng sol ution supply nozzle which .are perforned
by the neapgrfasensf the wherl | HdWEvEQWESH Ith@amlﬁgtsgeredtchetﬂé hevaephtte
waf er and by hand of the operator a$ described ab requires a

consi der atsojutiérngupplye rveizbe eot hthembikiendss peedhigh, chasgeshlled apavidessiat e
speed, causing harnful effects of,' for . exanple: fabricating nany wafers
of poor qqzahemtomennn ragcune inbovieichi meaves sppesrr pnothe hdeviehopimgj solutitre
present inventiogn is made in, the above viewoints, and its object is to
provi de a SYOP 3 Pﬂgthf%ﬁ‘h@ﬂr eE‘ﬁpal@’! és d@QVﬁIIkltth dbrthe cWRBINESs pPhenamenon an

2?921;‘,? o lBid aeiebRmed i nat GHOPSLE BRTpDe e'tt%paixh E§f££a i e
Cubst r e, SOy GEGR 9%‘835%3%@‘@ 3y ié*ee ARl e 1o U %ge
Phe pre qu -QVJGL%?I on ts the ﬁl(ﬁ}lgg %@e%aeopﬂéﬁke %@%ﬁjggﬁélgﬁﬁl%&mtwo an

t he present a et suppl

entire faompply ﬁogqu@stbraﬁ gdé gggrsf)@édn a devel opi ng treatnent, conprising
the steps of ‘noving a 5 devel opi ng sol ution supply nozzle at a

predet er mi ned sp¥aen. tte redpe farotheomeafends tchaagetihand ewdoaf mhepetdtetrat e
whil e the devel opi ng sql ution is being supplied; nmeasuring an anplitude of
a wavdOon coreentstheomavigg speed e the sepphy How, rate bytmeaswsingthetine witte

ot edet Zz%q?feﬁa dw%ﬁfﬁébf"%@iséefedevé' 46 B8 we egh'pié‘@salﬁgn%%%‘%é%%a&?eon ]
oot ut  ontedniiont SRR IAE plegiRd SaliCbas of bif PEodtRhelat ohe e '
substrate,, aglégl?%thé gg#g&s& (% kEeo I{Cpégeﬁpﬁ_é Ioaforesald step

i mrediratel'y angl ng redet erm ned speed
means changi ng tHnewéeéﬁ ifhe ObrrebRoRs foet}fer MoagSRRRA 4BdDeCIRBYSE the

pr edet ermi ned speed whén the devel opi ng ‘sol uti on 1's supplied to a substrate
whi ch 1\51 J Idda&elepmgemladoncs@pl}dmlthowmch raeatpleefannreelxby the measurement
of the ﬁnally formed line width or the like on the wafer and by hand of the
, ,operator as descrlbed above . requ1res a cons1derably long t1me before’ the
fmovmg speed is changed to an adequate speed causmg ‘harmful effects of, for .
exathple, fabr1eattng many wafers of poor quahty during the above time.
20 -

Summary of the Invention _

| The present invention is made in the above viewpoints, and its object
is to provide a developing method capa_ble of makmg corrections earlier for an
adequateé'upplny ,eendition of a developing solution to pre.vent occurrence of

25  excessive waves on a solution face of the developing solution while matching

~as much as possible periods of development within the face of the substrate,




According to another aspect of the present invention, the devepqphng 200t hod
of the present invention is a nethod of supplying a devel oping sol ution;
to an entire face of a substrate to perform a devel opi ng treatnment, 20
conprising the, steps of noving a devel oping solution supply nozzle at a
predeterimned speed at | east fromone @nd to another end of the substrate
whil e the devel oping solution is being supplied; treasuring an anplitude of
a wave on a solution face of the developing solution supplied on the
substrate after., the supply of the devel oping solution; and changing a

pr edet er ni arediazievelaping apparatus capebléenfetaryyiing osibthie develbping miethatbvel opi ng
sol ution supply nozzle hased on measur ed val ue. Changi ng the L

predet er ni ned Tl Hattaiethe czbmcmée gisyaloping ancthod aigha present davention ¥ t he

pr edet er m ned I}I wrate t.o ch ngel t he Eredet ermned; flow rate en the
devel opi ng? &t 986’# Siugpb(}ﬁﬁlq aa ¢laringsalypontaes spireHags of apsibstigiett ed t o
d | opi t 3 ' ill th t of th
present | rOEOTEn? toe SoRing.) SERRIAH: edfibine FE P Mefingor (s
Chod <of ) ' . S I . el ¢
o per for Aol RO uBB LY ool he £ prld Al Ut Tedly o biRd o1 ©

devel opi ngersdltotdrmhetAtyon gg Isebatrae WhElkeiRr HEEBpEReSHlutton BABEIfg om
one end to anot her end of the substrate while the developing solutionis -

bei ng suppsupgpliedyhereasuringeamoamplitide spfead wavei par easeldtion facumdl thenount
fromthe devel opi ng solution 'supply nozzle is decreased when the

devel opi ngdeeslapingn solwidan asepylied ton theeiupstrateplafter thowsupmipacfi the
novi ng direction, of the devel opi ng, sol ution supply. nozzle_during.the nove.
Accor di.ng S%V%}epl%sﬁlﬁgpnaga@&?laagmgq oPesetRrmingd speechof thedevelaping opi ng
, method of P nt_invention is. a nethod of supplying.a  devel oping
sotati D QbR naz2lE Based ok aRedRieed el £ JERTRLHE D it ghaP
treat nent, « RIS p ' e AR % UlHeO '
nozzl e at a-pr e%fg?%%gf:%geg%?lgﬁﬁggoﬁtg% one eﬁd %rgltrlllgt ﬁ%?a_gggy%f t he
subst r at e ydlutientisugplicdomtaotieotutistie, ”i uthie | § gn StePprdfsdblavs Fﬁrfbﬁxhe
moving 10 speed is déecreased or. a supply amount froni the devel oping

sol uti on stheplajoresaixl step immediatelyedfisnethe sapplypp! Farthdgvehapiing ¢led uti on
is thinner, at a rear position wth respect to a npving direction of the

devel opi ngpiesletarmined (pged means ehangiag thepsetting edrtbefpredetenmined speed

bt esenls | MACHRREP 1S BReAGTOAeHoSRSgaP eS8 Se VS gD ooes SHERTY
sol ut| onv t% Q‘Euﬁéltré't%e f)f%%ewﬁi b% ssu%lj)escttégttg a deve‘l'op"ing treatmént‘ next. |
o B Accordinig to aniother aspect of the presénp ihyéntion,'fhe developing |
:’melt.hod of the piéSerit inv'en_tionvl is a .ri'i'éthdd‘ 6f supplyihg a A'deVe‘lo_ping
solution to an entire face of a substfa_te to perform a developing treatment,
20 | cor.nprisihgf‘the. steps of: rhoVing» a dévé_loping solution supply nozzle at a -
"predeterihincd speed at least from one eﬁd to another end of the substrate
| While the déveloping solution is béing supplied; measuring an amblitude ofa
wave on a’solution face of the deveiopirig Solution _suppliéd on the substrate
o aftérzthe subply of the developing soluﬁon-;‘a'nd changing a p"redetermi'ne‘d
25 flow rate of “.the':‘developing solution from the developing solution supply

- nozzle based on a measured value. Changing the predetermined flow rate




27 AUG 2004 to performa developing treatnent, conprising: aép?pgjo%bng
sol ution supply nozzle for supplying the devel oping solution t G 2004
substrate while noving at a predeternined speed at |east fromone end to
anot her end of the substrate; an anplitude neasuring device for neasuring
an anplitude of a wave on a solution fage of the devel opi ng sol ution
supplied on the substrate; and a noving speed controller for controlling

t he predeterm ned speed of .the devel opi ng sol ution supply nozzle based on
; a value nmeasured by the anplitude neasuring device. According to another

aspect ofmehns prlemging i theesdttiag, of fthe dpmeletsrnmioed flb0 aprAt@tdlange tHe
present invention is a devel opi ng apparatus for supplying a devel opi ng
sol uti on predaterarinedeflpse aats veheutiher deeelopine rdobution idesepplpedigo the

treat ment, .conpri si.ng: deve] opi ng sol ution supply nozzle for supplying
the deveit r@éeé‘g'llﬁgi%ﬁl besu CEQFng ratevelpping tieatmeptaexs predet er m ned

speed at |east {rompne e "to _another end of the 'subsfrate;, an

anpl i t ude neaSLAFﬁ%rcﬁ%gi 1 Srkfd%r aﬂ%&’sqﬁr 2speetn ofmhet pErsent mvRaRiONgnthe 4
sol ution : vel-opi_n | utJ uppl-i ed on.the substr.ate; and a
*71 ow’t ar i e miHpg B el L AnGioRRis o ARt of SIS e
devel opi i -+ entfavel.api I 04 ZJ d on
2 val o renoHeE oML i in, i EeSmb e SbsHELS o TpRct Roder B aRET
anot her agpaatertf ddifprskpenhe i S¥pNbfoMmotitg de\RheRIpitg afflatidhusupplyt he
present invention is a devel oping apparatus for supplying , a deve i ng
sol uti on nezzie atra preddtermeinetd speadoat tedse ftampend enthta anatbeelendi ofithe
treatnment, conprising: a_devel opi Q;ﬁ sol ution supply nozzle for supplying:
the devel Bistigtasvhils the developingsalutioatis baing suppliedgwhereinabe moving

predet erm.ned . speed at, | east from one e to_ anather end of the substrate;
an anif i tIRFE ﬁ,{ﬁrﬁ*ﬁgeddemac@lﬁniy HBQYDE {E@xavheaﬁmlpagg éPI%I%&vaPBfY a 2

cubstr ot oA ' A8TehSRE affor M SRNBASRIS SR, BRaTRRIAT 488 Pl o

or coet o1 RN AL R0 S A B v CONR oA AP AL PLRSE SR,
val ue ‘measerztd duyingthebmere] i t ude neasuring device. According to the
present invention, the anplitude of the wave . ' . :
- - According to yet “another -aspect of the present invention, the
5 déveldping .m‘eth.od of the present ‘invention 1s a methqd ‘of supplying a
| "c:ieve‘lopin"g_ solution to an énti_re f_é.ce Qf a substrate to perform a _develbping
. :fitj.ea_tmé'ht,.‘ co;ﬁprisiﬁg' the step 4of:t moving é ‘developing Sdl_ﬁtioh supp'llj
. hbz‘z'zle'"'at. a .predétennined"speed'at least from oné end to anéthéf end of the
. ‘;'s'l'ibsti"ét'e Whilé fche devel'bpihg sélﬁt_ion'is beiﬁg‘ supplied, whérein the 'moVing
0 .sp'ée'_d 1s decréaséd or a supply amount from the develdp'iﬁg éolution‘suppl'y
._"noz.z‘l'e, isjincfeased when the Supplied devéloping solution iS thinner, at a rear
: pdsitiori with respect to a moving direction of the developing solution supply
: hozZlé, than a part'théreof which has been previously supplied during'fhé
Cmove. o | | -
5 . - The developing apparatus of the present invention is a developing

ap'paratus for supplying a defvélbping solution to an entire face of a substrate -



occurring on the solution face of the devel opi ng solution supplied onto the
substrat/e is nmeasured, and the predeterm ned speed of the dev@ Dpl6g2004
solution supply nozzle is changed based on .the neasured value. Thus, it is
10 unnecessary to neasure the line width or the like which .is finally
fornmed on the substrate and then corrects the predeterm ned speed based on
the nmeasured value as in the conventional art. Therefore, it is possible to
supply the devel opi ng solution at the predeterm ned speed adequate, for
exanple, for the substrate which will be subjected to a devel oping

treat ment toepdriomhtd dehel ingPr ] 1_15%15,, be
, correct edqﬁ) t he adequate %??gg?gira%aér%ﬁ s%lg'é’d a‘égﬁflg@d’%ﬁ@rltﬁﬁgrﬁ% € ;

anpl i t ude mifzzidomanpplying tise developing golutionl td tensiisstrme sehitsimaviflg thhe
predet erm ned speed or the predetermned flow .rate of the devel oping

sol ution' &ppyisterminadespesdatalapst! fioms axheoend tte anmdker end wdlthe subbirategakes
it possible toHciecrease, for 20 exanple, the predeterm ned speed adequately

or to decr@ndBRIHEdS BERSIIIRG devIGh&er MRASHAPE A denplitudeeof agweve onl ar ge
so as t.o deg¢rease.-the litude the ve, or ta i,ncrease the predeterm ned
speed detf@i‘ﬂﬁ&? IS B?Sﬁgré%‘éfgc’?mg géﬁﬁ}cip éHBHﬁFd\Aﬁ’ént heubstates gad &t the
wave is-s : o] per.i . v nment. within the.face of
the_subst rapebspead sPEkgle fyr ShhaPRRy e RrRbEERhiatd Soled o3t BET G 1
is a plangd i@ - a gatin A0 Y m

i ncl udi ng daev‘o?\(lev\)/%ll pisggnﬁé\kilt , eg ?%%g%e@gﬁgppgggnet o%e%l?é%?g?ngglt ghgn
enbodi nentgm iﬁdémeasariﬁgmiaé,ew of the coating and devel opi ng systemin
FIG 1,5 FIG 3 is arear view of the coating and devel opi ng systemin
FIG 1; FIG 4 iAceordaxgltarsmother aspect aff thevipresentinwention, sketdevealoping he

devel gpi ng. unit uz(gfg in the epbodinent;. FIG .5 is-an explanatory view of a
hor i zdRt al2PPasaIssRltheopresent haventien sprievelopingsapparatusnforesuppdyingne: 10

i lRGt 32’ L?@%ﬁéﬁ&%ﬁ%&lﬁ% 6 & hirk 68 P B o Peer 'ﬁiéw? o
vel aping. . e ing Bt G 6 X SXR);

i ow showthenieith EbudfisTil MebBraify sBiion Bupblithofkie TERBRRIERLLY o,

face of a diseebSipigndIIAbHth dHe SUBBIrARIVRIe el at %g{%de?e' irRd'SHRLE ot

. showi ng- reci pes of setting conditions:of - I ng s[l(l)?lu ron supply °
nozzl e; Flleastlffohs onef bt airiothbesnd hef 4Rt sibiirateondi drphitudef mielSuring
devel opi ng 20 sol ution supply nozzle are corrected; FIG 11 is an -

expl adét ordevicevfoshmeasgring snpuhplitide eof a waivehon awdlujors pfaed of thée
devel opi ng, ' ?I ution supply nozzle and a supply amount per unit tine are,

adequat e; dﬂVsG oping selutioneSunpiins onythei swbstiatssi and @ Bapprate soateoller fani ch
e 25 oy g gt ot U Serehon 10,30 ST SUPRL 19388 5o L0 2
~ developing solution supply nozzle based on a value measured by - the
~ amplitude frie_ééufing 'de\./iic\‘e.‘~ o - | |
20 Afc'c'ovrdving to still another aspect of the preseht' ir;\fentidn, the
| developing apparatus of the prés'ent invention is a developing'apparatus for
‘supplying:a'_developing solution to an cﬁtire face of a substrate to pérform a.
déveloping’ tfeétment, comprising: a devéldping 's_blution supply nozzle for
supplying thé .developing‘;'sdution to ‘the substrate while moving at a
25 predetermined épeed at least from one end to another end of the substrate; an

amplitude measuring device for measuring an amplitude of a wave on a



2 7 AUG 2004 FIG 13 is an explanatory view show ng a state i n2WhiAUb 2die
nmovi ng speed of the devel oping solution supply nozzle is .too high . or the
supply anount per unit time is too small. 5 Detailed Description of the
Preferred Enbodi nrent Hereinafter, a preferred enbodi nent of the present

i nvention will be explained to thereby describe the present invention in
detail. A devel oping nethod according to this enbodinent is carried out by
.a devel opi ng apparatus. FIG 1 is a plan view of a coating and devel opi ng
system 1 including the 10 developing unit, FIG 2 is a front view of the
coati ng asdlutiorelfept mf shetdevelopiagdsdludon ssppliedan thewubbtratee muhtd ng
and devel opi ng. system 1. _The coating and devel opi ng, system 1 has_ a,

conf i gur acPBHOLIEE TeneantrpHing & predetemmingd Hovwe eais @fithe devaloparg sofusion

it o1 de; FEORIHE STVeIARireD SEHH G AP BPERE B Ble Fdbie TR Ineeg 0 |
he . waf ' ' 3 ' i 3_inywhi,ch

vari ous. kb SENR SeIfisHEABbHE arafh Banrd DL ACKERE! histmdbigHe

predet gr maggﬂé@g@gg?%%&g%%aew&@t ment for the wafers Wone by one in

coating an ps are nufti-tiered, and an, interface section 4

for delivering pgordifgertoMhe/ ?fe@,_eht gnvehtiBAStheN@mpitaue: oPr @ dpsle
adj acent 20 to the processing station' 3 are integrally connected. 1In the

cassette sicatmmg 2n thelsohraiort Yacd of ahsedeveiofingasolndonmmsuppéitdaonto the
predeterm ned positions on a cassette nounting.table 5 which is a nounting
portion i substratenis measwres, and e pradetermined speeddifitbedealopingsalution A
wafer carrier 7 transportable i.n .the_direction of arrangenent_of the,
cassettes SPPH@’ )@erﬁi F,%dﬁ\a@ﬂ)edams‘?@ PRetilf rmeaswyirdofa -anég%?nt oS t he

G N R R A I
el et voly BheaeSht, e bt ThE ofBLEbafl o el
confi gur edralige @8t iR aBeSEord iRtidrial At EX TRepe e UM §s Pbssible to supply the
| 'developir‘lg'solution at the predeterminéd Speed adequate, for eﬁcample, for the
é_ubstr'ate whiéh will be subjected to"a ‘developing treatment next, with the
15 3 -r_esult that the ..Ipredevtermined speed can :b.e; ‘corrected to ‘the adéquate
N _pl"ed.etermined speed eérliér; Furthef, the ;ampiitud,e of the wave of the
| -de\./elopvir.lg' solution is measured, and - the prede'_cefmined speed or the g
| -:predéteﬁhinéd'ﬂow Tate of the developing sdlufion' supply ﬁ'oz,zlé is changed
- based bn thé measured value. This ‘makes it possible .té.decrease,for
20 .examplc, the Vpr_e‘determine‘d speed a_d'equately or to decfeasé the supply
a'mo:untvwhé.n the amplitude of :thé wave 1s large 5o as to decrease the
~ amplitude th'e,wave, ,ér to increase the pre,défenﬁined' speed adequéte_ly or to
| incfedse the éupply amount when thé‘a.mblii::ude of the wave is small so a$ to
‘match fhe périods of development within the face of the substrate.
25 ' . |
| Brief Description of the Drawings -



itncluded in a third processing unit group G3 on the processing f§aﬂhpgn$
side 5 as described later. 1In the processing station 3, a main " carrier
unit 123'is provided at the center thereof, and various kinds of processing
and treatnment; units are nulti--tiered around the main carrier unit 13 to-
form processing unit groups.. In the coating '-and devel opi ng system 1, four
processing unit groups GlL, &, &3, 10 and &4 are , arranged, the first and
second processing unit groups G 1 and & are disposed on the front , side
thereof, the third processi:ng unit group G3 is disposed adjacent to the
.cassette stati ®1G2;1 aisdat pkarf oiewh showieg sim@ppeatanpeowd S4codtingliansbsed
adj acent to .the interface section 4. Further, .a fjifth . prqcessing unit
group GS gleveloping systemkdnciudieg acdevelepinginnitassad in aidﬁa@%nggnéalqdﬁe
rear side as ap option. The, .main carrier unit 13 can carry in/out the
waf er VVtd%?@ﬂﬂﬂgﬁ@a@dﬁnbggnRP@Gs of . ;.processing and treatnent units

In the first priosd g HhRt vimsas tee sonhge il aclieRiibe S TR G 2
a resigt' coati URI s : ' Lesi j ts fer Wand
a 20 devel opi ng@gg‘r? l%ﬁqa;l%\/\%‘?gﬁ t%lxher&) 3§9§%¢%%§anégw§3§ya%§8rlgleﬁnpg@tPg)’ this
embodi ment is canE e pUbnaee watdr'yewaviafcad@mwoews@esmwrpmf kife t he
second" processing unit group %2; a fesist coating unit 19 and a devel opi ng
unit 20.. a;[@eq;d,lj[hgqmiyuga@ﬁiﬂgaﬁbbdi@eﬁgr fromthe bottom |In the third
processing unit group G3, for exanple, as shown in FIG 3, 5 a cooling unit
3 0 for cool i ng e $wifean \akplanaidhesiow ofiia hogizontal emepaserigniokdihess
bet ween' t.he resist 'solution and the wafer W an extension unit 32 2 7 AUG
2004 - f ordevelepingginihusedinthe emRYHUMEREY e n, pre-baking units 33 and 34

each for-.evaporating a solvent jn the resist solution t.- i its 3
5 and 19 6 each %pn 1 & RFRGCT Keatt e tr %ﬁf‘n‘iﬂfe,cfg?% sqlﬁggﬁev&%ggir}%)giﬂé
treat nent,_ t | jre, - fi le, seven-tiered in order fromthe
bott om I‘llf.%?ﬁg tﬁgée[k)é??@gg&%?%ng?iﬁrt&’ group &4, for exanple, a cooling
uni t 40, an . extpesi-phs aldetRal IsBotYAL vitly bI'thel daveldiingheoludbg supbipunt ed
thereon to.cool by itself, an extensron unit 42, a cooling unit 43,

post - exposyé£z1OKFIG. i t s 44 and 45-each for .performing a heat treatment
af t er -.exposure processing, post-baking units, ‘46 and 47, and the |ike are,
for exanpl ¢, ei gHiG. B és eah iexpdanatory roiem shoyangom tolarakde eranggr ofefnso s
provided at the center of the interface section 4., The wafer carrier 50 is
conf i gu edamplibederef apvave anisolutignriaeeiodip devrloping SQlHFLOR; SUPRLIEEPT A FI G
1) and in the Z-direction (the vertical direction) -and rotable in a 0
-direct i'o'nwéger}, ‘direction of rotati-on around a Z-axis) so as to carry the

il o WU cach 1oi st cpoanee CARAEB d ik g, BhANGE XS ¥hOn

unit 42 include : ‘proc . group A, a periphera
aligner 51;i.and. HionQWdRhbgak -~ Next, “the configuration of the
af or enent |8%€é388ie4§?%lg?lr?§%3‘\£®tlyahlgw’ || be.explained "in detail. . As

shown, 'in-Fi GS. BI@NUQSs @flemdhazhwhentthd settingeddmdjtions! ofithdi deyeldpingaf er
Wis provided in a casing 18a of the developing -unit. 18. A rotary drive
mechan2em 68lubiani supply oozebesanel eorrectedsor and the like, for rotating the
spin chuck 60 ‘at a predeterm ned speed s L ' . .
.+ FIG. 11 is an explanatory view showing a supply state in which a
- moving s"'p"e'édhof the developing solution supply nozzle and a supply amount
' per unit time are adequate; | | |
FIG. 12 is an explanatory view showing a supply state‘in which the
25 M'.movi_ng Vsp.e‘ed of the developing solution supply nozzle is too low or the.

supply amount per unit time is too large; and -



provi ded bel ow the, spin chuck 60: The ,rotary drive nmechani sm EZ, 8{‘Gtzﬁﬁ
spin chuck 60, having a function of freely noving the spin chuc up and
down, hoves the spin chuck 60 .up and down when the wafer Wis carried
in/fout to allow the spin chuck 60 to deliver/receive the wafer Wto/from

t he 27 AUG 2004 main carrier unit 13.4 An annular cup 64 with an upper
face opened is provided . outside the outer periphery of the spin chuck 60 to
surround, the outer periphery, so as to receive the devel opi ng sol uti on and
the |like splashing fromthe wafer W5 which is suction-held on the spin
chuck 60 and rotEGrd]3 ihenedxplanatoentiiew sheving & stitbanephiinthd pviRei ng
contam nated. @A drain pipe 63 for draining the devel opi ng solution and the
li ke spl asperd of dhetdevalapimg voktivn sapplk eozelepintoddight ot lke mtppim of
the cup 64. Further, year face washing nozzles 66 are provided in the cup
64, whi ch HRPPRyPer UK ARG istUsmEh.t o the rear face 10 of .the, wafer. W
which is held on the spin chuck 60 to thereby wash the rear face of the
wafer W . Incidentally, a not shown drive nechanismis provided to nove
the, egtire. cup 64.115)6et ap s AN t exr ‘tg“f L..g.so are formw th an

upper face opened is 51 reT—Gt-sH6 e #0 surround the
cup 64 to .recei dﬁ,\éﬁf% i j i fer W
and a devel opi n?grg}iﬂgfflt%iﬁ a_s pp ?eﬁggrz@gh é@ggg%?ﬁ%e@gﬁvéxﬁ%hﬂ?a not

be recei vaskphyinkletoaftrebpidesetibe Ge progémiciivahtivn theetalt €A GdReRDins
provided with a not shown drive mechani smwhich freely. noves 'the outer
cup. 65 ummetibdaveordingito this embdimentt ds cardethbet byvaeatevelspingfmpaYitus.
washed to collect, the-;splashing washing 20 solution and the Iike, nore
conpl et el FIG.Abowsea tplansyiew ofi ik ikostingnand ievelgpisg, system devetlging the

solutiqgn s nozzl, v .a devel qpi ng.sol ution supply nozzle for '
supgl ;}:an'g feﬂ%ﬁé‘%@yﬁéﬁéﬁf i ?%{'ﬁ/ﬁtowg{?’egﬁ\gﬁegoaitm %l’:ﬁggézﬂ@ﬁ’lszg@y fieazle 71
for suppl yjnorihe j i to.the upper .face of the wafer Ware
pr ovi dgg %’E{(glragléf§53ﬁgé?gﬁgﬁe&##ﬁéﬁ?gpgpgg_aa}c‘fgﬁqlmngtwéte%)gif rection in
FIGS. .4 and 5 b Ak \ | g 4 .
devel opi ng sol Lt%cgﬁ%ﬁ. gnﬁgﬁe@Bgljﬁgé$?$a? %%éflé'@r%tg(%x,ﬁs&ﬂbgvn s an
el ongat ed FIgr.m, ianghidtsa st dtation 2 ﬁﬁaﬁﬁﬁgefortéﬁmsﬁegﬁsrwmfs W ifhe
wafer W The lower portion of-the developi ng solution supply nozzle 70 is

provi ded \a ¢dssattp] as aluni fodmdevhkapitsiglesintoroudof shepdatimpand dé@elo;)iﬁgl i ne
, a

5in the | on%;udi. nal direction:thereof. Further, as shown in FIG 7,
space 174 isystesm nkind cenyingtbeoprfy 36! into/ont nfppl gassette IG aqproskssingi s

I i'n -the Longjtudi direction i -wi th the devel opj

Sof it 1 on' ST h4k (4R LHICHekJRASOF |FOSPONES, Ach HFBITEt BIfe earbjoRy
| uti flOw Ng: | ‘ vel 0pi Ng..sol uf i Jo] l e 70 di-sch

e devel diSthy oo, sle SR PRIASHE U, SR-RARE gk AR Bty say iR °

Supply .Pordrie #3 c8htihg AP lbf g MpStart MuftRHErdd, Wd A Snterface section

o 4 for _déliVering_thé{ wafer W to/from an alignér, not shown, provided adjacent

20 tothe processing station 3 are integrally connected. |
o In thé cassette station 2, a-.plurélity of casSétt'es C can be mounted at
' pfédetermined positions on a ‘céssétte mounting table 5 which is a monnting
| | portion in'a. line'in.an'X-direction'('a vertical directinn in FIG. 1).. A wafer
carrier 7 transportable 1n the direction of arrangement of the cassettes (the X-
25 directipn) and in the direction of arrangement of the wafers W housed in the

cassette C (a Z-direction; a vertical directinn) is provided to be movable along



One end of a piping 76 for allow ng the devel opi ng sol ution fro B AUGt 2004
shown devel opi ng sol ution supply source . into the devel oping solution
supply hozzle. .70 is connected to the top of the devel opi ng sol ution
‘supply 15 nozzle 70. A valve 77 is provided along the piping 76 to check
the flow rate of the devel oping soluti o di scharged fromthe devel opi ng
sol ution supply nozzle 70. Incidentally, the degree of .the. opening and
closing of the valve 77 is controlled by a flowrate controller 78. The
devel opi ng sol ution supply nozzle 70, as shown in FIG 5, is held 20 in
such a madkarriengbislend g asrtoselectively got acddss tareacBassetto@f i gured to.be

novable on a rai] 81 ich,extends in, oene directjon (the X-direction in
FIG 5) in theatggiv}‘ﬁfng[gém%fn%%% anligmpesiplimetionhaligniggthawvafeaVé

troll t trall 2. A -di ngly, the devel opi,
Coluton” SR SRR b (G EoR et 0 est Rreopivg I o ARIGRSIaD (Rt 32

det er.mj - : [ [ : ldel to th f W
Bt 7 preatieaidsd B8 L B8 prodisish ORI A8HE.103Con REF o RAR1nR viofohes s re

face of theduedebedNdier.t hereby 27 AUG 2004 forma solution f Imof the

devel opi ng solution wth a predetermned filmthickness on the wafer W The

af oresai d arm 8f t8s pRocdssityt stadionNs] udinath @asbl RaRr 1376 \gbﬁidteﬁk@t ffe as to
en the

nove in the vertical "direction to adjust the distance bet

devel opi ngentet tihérenf,sagppvarionsddhds 30 prodessieg watieredinend uditstdre mther
hand; the washi-ng nozzle 71 is_supported by an arm 85 which is configured
to be freteiecherpamdethenmeire camiar @it B9 te foom prasessing wnit geotpmi sin the
Accor di ngl t he i nozzle 71 .js.novable ..in.the X- direction _

sih mlarl ycgé}i%@nﬁgagﬁl’agfﬁbg SYPIEM dn @HﬁpﬂryCﬁwEgé;mb .ngp% Hbl G253, ot. ed
¢ i o . | e 10
wnoni 100 54 % st 6, o BRY Spbalt SFObEE vhil iR gl A Bon 1o

t he cent egreOf; dvq,?je . ji t ' r A Y kN | gl QN
suppl i ed. %rr«]a? gls?r;bgewa th \/?h\ﬁrtc ld{: Eh iree? E’gﬁ{r%ﬁg@??é&‘éﬁgéggd& (931 r_e?’hfe%
entire fadigpobed hrljuedmr toMhe RSEtd Reatddtt i, Cak@qRe Houtire P\“@&%@in Yn§hout

unevenness. - Further, as shown i.n FIG 4 and FIG 5, a washing batir 8/ for
washi ng 1graupe (k\iel disposeds aldjadent toutie ynteefackesetfions4pr durtled, at fifth

wai ting position T of the 'devel oping solution supply nozzle 70 which H's

| ocat ed. PracSsgagtunit guewp Guphown byradrokenling daatbvg additionsllyalispaesed: o
have cross, section, in a recessed formito" catch the el ongated devteﬁ opi ng

sol gt]i on SBIPEFERDSCAY g1 Qpﬁw-mailﬁimelrb%m@uaﬂdﬁeg?n RaF wé%ut e
Phe devel Attty SolSrirant Shsniotiels, KReg of Ga%ing 85 nbisAleRSoamiRy, °
I |t ate S RSRaGRaglln B BRoctisit bt B Oy RN RGS 1y oy cct

to be measured hytHeArogedsitg untt Sorpca 1t f@:réierrﬁglet, s shewePintrIG! 2, be

nmeasured using laser light. Mre specifical fy',v-. 25 the |l aser displacenent
gauge 90 asesmhfdogtingdunit Hpifiby appheng| a gbsist golutivrd ey che wvater SW and an
supplied on the wafer W which is the object to be 27 AUG 2004
20 © developing unit 18 in which the developing method according to this
g:fnbodimerit is carried out are two-tiered in order from the bottom. In the
- second processing unit group G2, a resist coating unit 19 énd a developing
unit 20 are similarly two-tiered in order from the bottom.
In the third processing unit group G3, for example, as shown in FIG. 3,
25 . a cooling unit 30 for cooling the wafer W, an adhesion unit-31 for enhancing

- fixedness between the resist solution and the wafer W, an extension unit 32



freasured, and receive its reflected light to thereby neasure th? i%de
of a wave occurring on a solution face E of the devel opi ng sol ution.
measur'ed val ue which is measured by the |aser displacenent gauge 90 is sent
to a main controller 92 having a function as a controlling 5 neans. The
mai n controller 92 stores a tolerablejgange (a diagonally shaded part. in
FIG 8) of an anplitude of the wave on the solution face E as shown in FIG
8 which has .been previously obtained, for exanple, by an experinent-or the
i ke;. and reci pes of the noving speed of the devel opi ng sol ution supply

nozzl e 7Rradlbwity SheRvafet 't@VWﬁl‘t‘ttﬁeinn E Qkﬂc%oﬁgﬁg FPhybipn e‘é’bh Mok espect

to 10 each target solution filmthickneSs “of evel opi ng sol ution

suppl i edevapovatihg aebleendirashe hesigt sotufiby fost-baldhdaniitd 35 .ankll 35 eBchs an

expl anatory vi ew schematically showi ng the state of the waves as seen from
the si defosfperfiermitga hwat trdwthnent liftsrrthesdevietofing tréatmeente aext thet like

t hi ckness of, the solution fjIlm ..of the ,devel oping solution supplied, on

t he waf eAeWOITPRARRAIG SQEGMWF@@Fm@fd@'Zﬁ‘@W l@e@s‘ft%mneasured value N and an

g?:gre{as%i 0 1 ol dPoBRIoCRNERetig u?%gms' Gt SR e h?igrfm?@af?ﬁeh
reci pe t%tﬁ%ﬁt?}i%@ﬁt iy Bhitat B dloBlle SR Pua e ARG iR

D e L NP RELIE 81 XU o 00BAZ o/ Quetthnflicla, [ag:. ek QULIRIGIGARI 0| | o

78 which contr rate o evel api ng ut’ion, "So that

t he setuméum Qﬁdths mnﬂ)rsr@e?fbrﬁﬁﬁ gt BeheupPiryathdeit e éim;l]sbﬁhénged by
the data. -1t should be noted tRat the Casing 18ais provided

. carri erprgessing, pbst-bakingl liivs A6 ambwmm thW likehkmres &t examply, @ightey -t he'
main carri er 25 unit_13 and a shutter 96 for openi ng/ cl osi ng the carrier
openi hg ered ln&@@ptfrqméhemwfer Wis carried in/out, the 'shutter 96 is

closed to pre ' UG 2004 . treat nent qutlonfrom hi ng
romwi thin & ¥a rrrgartgagéﬂa TREIe @ @ﬁ&%ﬁh?g the mtgriage ser H1¥:d

devel opi M o EFE, Barrief 80 I8 EOARARRLTRS BBl B i 538 oRiba ta“ﬁext
Wi th thevéﬁeapa%bhhﬁgm@ 1Y e ﬁftﬂhzchrtalhg'({&rmcwd r3eti6AREha9 and

devel opi'ng system I rst er carrirer kes one unprocessed wafe

Wout ofrothebtass et t@-&ireét@bn:@a rdlﬁctiotn bﬂt@tatlhﬁ adhed QfZJaﬂiﬂ) sblas nel uded

in the third processing unit group G3 he wafer Wcoated in the adhesion

unit 31 earry the wafedWstmreaphoobhtlee exteﬂnstaa aiidOSoshinghuaithdbcarsd tthe
adhesion to the resist _solution is carried by the main carrier unit 13 to

the cool e¥ignsion: WUt AR inehudad tia éh&pr&dé‘tharmemngrrpatta@@@p Gﬁheaeafter

th f ed
© Wa elraer%hera a 1Egher 5t1 and the not shown ahgner

Next the conﬁgurauon of the aforementtoned developing umt 18 W111
. be explamed 1n detaﬂ As shown in FIGS 4 and 5, a spin chuck 60 for,l
! sucklnc and holdlng the wafer W is prov1ded in a casing 18a of the
'developmg umt 18. A rotary drwe mechanism 62 having, for example, a
‘ motor and the 11ke for rotating the sp1n chuck 60 at a predetermined speed is
prov1ded below the sp1n chuck 60. - The rotary drive mechanism 62 of the
spin chuck 60, havmg a function-of freely moving the spin chuck 60 up and'
down, moves the spln.chuck 60 up and down when the wafer W is carried

_ in/out to ,‘allow the spin chuck 60 to deliver/receive the wafer W to/from the



the resist coating unit 17 or 19 and to the pre-baking unit 34 or 35 in
‘sequence to be subjected to predeterm ned processing. Ther eaf t @7 AUBeRRS er
Wis 15 carried to the extension and cooling unit 41. Subsequently, the
‘wafer Wis taken out of the extension and cooling unit 41 by the wafer
carrier 50, and then carried through..&ﬂﬁ peri pheral aligner 51 to the.
aligner (not shown). The wafer Wfor i ch exposure processing has been
conpleted is carried by the wafer carrier 50 to the extension unit 42 20
and then held by the main carrier unit 13. Then, the wafer Wis carried to
the post - gxpRSE4RiRAipg3unit 44 or 45 and to the cooling unit 43 in
sequence, where the wafer Wis subjected to predeterm ned processing, and

thereafter it i Awganhubd dup bhewithval opp&ofasei dpekedois prOviddxohBidy fHe i N
detail processes of the above-described devel oping 25 treatnent, the wafer
W for whi acuter pefipherypobtles spimgchack b6eto surnpured die batdripert7pmﬁy_rsb%$ font o
the devel oping unit 18 by the main carrier unit 13 and 27 AUG 2004

suct i on- heegelyg the depeloping csolution Tandh the nikel spdashing freml the ovafenppl v

ver T ng. bk SenBE e s R R oS b e e o e
cupply ot SFtapd ot YaibERaRERRlARER . A dEB ing BloPRFSRtie

. " : '. | ‘ . | . .. . . ) . )
wen, Tor S sioniog sl aGHHRCCHE e SHAEORHAE WAETRCIENE. | o
the devel qpopiebhtieoBombiRb D ti08a) €470 Riril, FeHroiat Syadhose Robs1ReNdd G 9

the supply fl-ow rate of the 0 developing solution in this nt 1s 1.

|/ min. . Theegabvided iheéhalewplépiwhichodupplora wash’ing sslaziba t60theoeas fade t he
predet erm ned speed of 80 mMi's fromthe position out si de the one end of
t he wdPer .ofitheowafero®W twhishBs dteldron the spint chraki68itdeherebyowash thedear

t hereof ; therehy. . for/i a_sojutigp filmaof the developing solution on the
waf er W . 5{5@? &3 dhe .é?gafg]%“ E{%o r J’é‘éﬂeﬁéﬁ&ﬂé RS FENE BeECha SHeisaMeyidng
sol ution pplLy nozzlg 70 will -be expl ained here using FI G 10. I mmediately
after the%§é58¥%g¢$8n§8?E?Péﬁ1&&585§£W8}z|e 70 reaches the position P which
is outside the gt of d<h fer. Wta ther.gby. f ol utian:film
of the devel opi %ﬁgéalftg??%ﬁ; gtr? ?]%\QQ \/\5’7/215'1 ea%% \X?%ghﬂgsaer{ %@B]Si. rsjfgf“%céeé%{r?t% b%uge
90 starts groefddd fRRhet Quisias uhe e GIMed i suvdin®l thd Qﬁg‘”@ﬂl% RRelethe
solution face E of the solutjqn fil'mon the wafer W hen t he nmeasured
val ue 18l i sdesxehbpihg dotetioniandcbiet like ifiom SHe avalee Oimatcdd developing sehat@sai d
tol erabl e range of the anplitude whi'ch has been previously.stored in the
mai n contr y nozzle B0Wesaribad latexswhich vahumwtibe seapieatt by thhafordseidipper
limt tolérable val ue, A t he tol bl e _ , ol e, novi| d
o:‘ m70_ m?f zcrg% 63. V_:.ngiedentﬁsy,'t % Ql?te?rc%p gsri%q:?r%vi eo v&ﬁlagpngt s}?ovgnl_)v ?\C?'e Spee
- méchaniéfnj .Whiéh.ﬁeély:mdi/;e‘s the outer 'cup 65 up and doWii 50 as to move
. up,i for example, when .fhe' Waifer W iS,WaShed to "co_lléctv the splashing washing
20 solution and the like more completely. - o
Above the spin chuck 60 and the cup 64, the developing solution
| supply nozzle 70 as a developing solution supply nozzle for supplying the
. devéloping solution to fhe wafer W, and a waéhing nozzle 71 for supplying
~ the washing solution to the upper face of the wafer W are provided to be
25 movablé in the lateral direction (the X—_directioﬁ in FIGS. 4 and 5) and in the

vertical direction. -



2 7 AUG 2004 which is one, level |ower speed of the noving spggf s hﬁgﬂ
devel opi ng sol ution supply nozzle 70 is read according to the réec S

in FIG9 and FIG 10, and its data is sent to the novenent control|er 82.
Then, the setting of the noving speed is changed from80 mis to 70 mi's in
t he nmovenent 5 controller 82. \Wen thejgreasured value Nis smaller than
the lower Iimt tolerable value B of the tolerable range, for exanple, a
novi ng speed of 90 mmi's which is one | evel higher speed of the noving speed
of the devel opi ng sol ution supply nozzle 70 is read according to the recipe

shown in FIG 9ThrddéOelobind Golwtith isu'ﬁpttatr@z'zlie gontastshovie iTOFEHESL and
controller 82. Then, the setting of the noving speed is changed from 80

mis to 9FIav& hesrdd eldngated form admod itsdengthi iseat leastelargesi than a Hametepl v
flow rate of the devel oping, solution corresponding to each noving speed of
the devel d¥ithg wafentWon Eapwenpertian v the develaping solut®rysgenlyi herlas

T o e it 380 PR AT5TE 2 S35 St S i B
L R R Bl Bo O T ISR T
0SB Kb A SR Mo 79 RS L9 o

sol uti on guppitidinal difeclion snd bengReEniatéPithaiieedeatopiggcsdlagon

whereby the Step of correcting the noving speed is conpleted. On the other
hand, - t he plrte73mhtempotdrdyvstbrss thiesear tise aévsliolpnin%whmim Ylowring ine
devel opi ng sol uti on bei ng supplied onto the wafer Why the devel opi ng

sol uti on sthp@qaemzinggsohﬂioraauppllymwfeﬁm disabargedthedleveloping solution
10 therefrom through the deveIoping solution su‘pply'por‘ts 73 at the sal'n_e time

- and at the same flow rate. o -

o Qné end of a piping 76 for allowing the developing 'ﬁsol:ution from a
ot shown devélopling' _solutipn Vsﬁp'lply_ éoulfce, into thé de\'/eloping soluﬁon
‘s.upp.l_y nozzle '7O.i$ 'éohnectéd to the top of the developing solution supply

15 'nozzle 70 | A val?e 77 1is pf’ovided_along the piping 76 to c_héﬂck the flow rate
'  'of the develoi)ing solution. diééharged ffom the developing solutioﬁ s_t.ipply
 nozzle 70 Iﬁéideﬁtally, the ,degfee"of the 6penin—g and closing of the valve

B 77i"is' controlled by a flow rate controller 78. o | o

| | ThédeVglbpihé'soluﬁdn 'supbly noz'zlgl 70, és shown in PIG. ‘5, is held
20 in such a vn:ianhe.r.'to be hung from an arm 80. The arm 80 is conﬁgﬁréd to'be |
| _':m'ovablé on a rail 81 which gxtends in one diréctio_n (the X-direction in FIG.

‘ 5) in thf_e'éasing 18a, and its mO\:/ing speed and moving tirhing are controlled
b‘y a movement cB'ntr@ller 82. Accofdingly, the dei/eIOping's'olution supply
nbzzlé 70 discharges the developing solution at a predetermiried flow rate

25 WHile ﬁioving above and parallel to the wafe.f Wata prede-termined Speed to

suppiy the de{/eloping solution to the entire face of the wafer W to thereby



2 7 AUG 2004 for a predetermned period of tine. After the cogqlggsgﬂuof
t he devel opnment of the wafer W the washing nozzle 71 is noved to a
posi ti on above the center of the wafer W and the wafef Wis started to
Totate at a predeterm ned speed, and the washing nozzle 5 71 and the rear
face washing nozzles 66 supply the washgng solution to wash the wafer W
Incidentally; the cup 64 is raised to receive the washing solution and the
| i ke splashing fromthe wafer W Thereafter, when the , supply .of the
washi ng solution, is stopped, the wafer Wis rotated at a hi gher speed to

dry. Thefomwangohltmn dflnt b€ thefdeveldpitly solution etidda pleeieednninbd film
devel opin treatment for the wafer Wis conpleted, and then the wafer Wis
carried odickessren des avafpr NG udihe aforesaid ierm80 rhasaa straetunsincluding &n t he

E ot ﬁﬁsc‘é{él iRy sl DK thgﬁrﬁki;}eﬁ%@eaﬁ%h@rﬁn“ﬁmm%ﬁghlé 2&%&.?@3 o
X‘,‘e{‘réhie et Rl R Bl nep Geae AR oAl b Vo pp y'h
oLl 10, .oy OB ey M o DB SRR ﬂﬁhéﬁnﬁeﬁg%ﬂﬁmgg‘“ ’

| ncr easedypyciT soffflkared fo Be%?éélﬁnél?%le"&?ﬂ%é b B394 atbe bk dil

anplitude of the wav he solution face evel opi ng SO?U'[I on

i s |arge, nieoRanisyh.ng Asqedihgl¥, the westehepnogzizot I1s>rmew;mw1mqhel ¥-70 is
decreased when- t he -devel opi ng sol ution . "is .supplied, thereby decreasing

the anpl idirdetion similasly torthe destelioping solutiof supply]aodzlee’l(bpl Igheuldibeon
suppl i ed.onto the wafer Wwhich will be processed next.: On the other hand,

vvhlen 25 tlneteéinthlalttwben dhe e #vis l@glatqdealleovmthehwenweofslwrwafﬁe g\é\ﬂéﬁopl ng
ngglt O:’l nllj's§ nq?ﬁng%ﬂt h‘gf'?s &9@%%%321%3 @%S‘P)UP%HBL}% Sﬂgldsﬁﬁﬁgggéettgﬁher eby
[pduct 19, SHteH pELELERGS: VR <N26h chis Ry RladEn OTHE SPRIRE sdlulinh hiBistnen:
several t} hﬁmﬁ QM%EE{‘&,%&& h@ dIPised o%?gge eﬁthﬁé]f“acéedﬁhep' ng

sol ution supply nozzle to an adequate 5 novi ng spe at’1's, a noving

b s i o o o
can be decr eas eEurther as shown in FIG. 4 and FIG. 5, a washing bath 87 for washing
15 the developing solution supply nozzle 70 is provided at a- waltmg position T
- of the developmg solution supply nozzle 70 whlch is located. outs1de the outer
3 ‘cup 65 The washmg bath 87 is formed to have a Cross sectlon ina recessed
' ,form to catch the elongated developmg solutlon supply nozzle 70 “The
o washmg bath 87 stores therem a predetermmed solvent for washmg the
20 developmg solut1on adhermg to the developmg solution supply nozzle 7 O
| e Above the spin chuck 60, for example a laser d1splacement gauge 90
: ..1s ﬁxedly prov1ded as an amphtude measuring device which can measure the
d1splaoemen_t, of an object to be measured by | measuring the. d1stance
| ,th'erefrom to the object to be 'meas'ured uslng laser light. Moré- specifically,
25 .the_'_laser diVSplacement gauge 90 is configured to apply laser light to the

- developing solution supplied on the wafer W, which is the object to be




Further, since the tolerable range of the anplitude of the wave% zfmkpetm
developlng solution and the recipes of a plurality of kinds of e novl ng
10 speeds of the devel opi ng sol ution supply nozzle '70 and the supply fl ow

Tates of the developing solution in relation to the target solution film

t hi ckness of the devel oping solution supplied onto the wafer W are
previously stored, thereby elimnating itdhe necessity of changing the
setting of the noving speed and the |ike by hand .each neasurenent, and the
setting is automatically 15 changed. The set value of the noving speed of
t he devel oping s Iut on supply nozzle, 70 i s changed when the neasured val ue
N by the MB@ASUr reGebYR 1tgaatectsd ltﬁmtatthgrebadmeaﬁgettbﬁénmte Eige
limt in the

di f d a.t f th the |
above- diiivq‘)\eeﬁimé"&%a[s%u i 1B Elnf i lpinRsofiiimg Specd may,

ol o abi e val o htoraerb e AR GL e HE Y FHECRRE: hé%&’ff‘?%qﬁé%‘! of
Lhe vave obupb0%YSLAPLAG: HRLiH!LOHrrl D 1HAARE ANGRIIGH 39 PeomvoRY ced

| nci dent al |s case, It is suggeste I-Ni ng of

the noyi ngn@aaeed ThE ridia e IR 9B serbybitelerable nRel (4 difgandly Shasechi gh

as possible in order to decrease the difference in period of devel opnent

wi t hin t hpattireFIG. 8hef wafampliide eSthenmbve an thosslutien faceZE ad\sko2aDih
Al t hough the set value of the npving speed of 'the devel opi ng so] ution
suppl y noZd(Ge 8whieh daargen praviansin obtaene@athn resampleyby Mnbsxpenbneriser

di spl acene bove- descri al so

0 h
suitable tﬁe éﬁ%u dzg Fec'lge% ﬁéﬁeemefmenas af ﬁ%c@me”fqalag'@tph'ﬁm &Bpelyom ng
| ut 5 t | | ut
Eopt ol o @@%ﬁ% Pl BTRSy (85 0B B 488 i R O RA e BBeri e e
th | t ‘
Lhe. 3P Ichtfltabler 06118 ﬁeﬁ?@ﬁ\?@@%ﬁ‘%@%@iﬁﬂ?@ﬁS?l'fiﬁOﬁe%‘?r‘é%%Ped Wi th
the previ qlghyafet GW'% SHveh MIRIG, D0CIreldir Ay IO, § RPat eQpRrAiesisr vieqd

enbodi nent .. When the neasured 10 value N'is greater t han tge uppér limt

tol erabl e sv:hémetwan shewing ehabtaterehtiee wavesses seel dromf thehsidsupthe f 1 ow
rate of .the developlng Solution is decreased, for exanple, according to the

reci pe i n wafer m thickmesslirin F1GaILrepresesits the thicknassrofithe sbitean | i mi t
tol er abl | f the. tql erab) t val ly, fl
rate of tHim S&th%p@ﬁggm?aéf%‘wu‘%@haﬁgﬁgag%oﬁeﬁﬁ rhies Hike 4 HBULI o o
t hat th d_val N hat d
e Y8en GOV SomiPba s shbd S B A Cansh AR oot RS bR A F e
wafer Wi 5A%r%§8®e¥ ?i"i’ﬂlttt Eer&@iee{r *&%G’B‘fﬁ*ﬂﬁl% fb&f‘sa?&' egaﬁle gﬁx%e V@}éﬁ the

devel opi ng solutTon eve oping so |on supp noz. en 't he

devel opi nghsghehéited walsePN! d@dates ﬁ‘@ﬁfﬁfb’s&qerzﬂﬂ@&@ﬁ% hechang bﬂﬁtrbller :
anplitude of the wave on the solution face E of the eveloplng solution ~

suppl i ed 9% cattsendatier divanbadrding ko tlee pecipestoethenmaventanttduoeitralberr 8hand,
when the measured:val ue ‘N.i s smal l'er than: the tolerable val ue, the s%?m
f1 ow rat e whichheonteols! thei mgving spesshof thepgevelaping sohlnen\mtp@:ly viozgle 7

i ncreased, ereby  shortening t eri od-_of. t| reqU|r or. the

devel @i ngarzcﬂtmﬁheﬁlq% 1Bte §Q@§§DB§H%180W ich eemr thecsung Yt Wwefﬁep%\ﬁhe so

that the a tment.i.s .made to r duc e.-difference in start, ti me of
devel Opnencfeve?opmg solution, so that e set va ues of thé moving speed and e supply

ﬂow rafe are changed by the data. =~ - -
| It should be noted that the casing 18a is prov1ded with a carrier
opening 95 for allowing the wafer W to be carried 1n/0ut by the main carrier
25 unit 13 anda shutter 96 for opemng/closmg the carrier opening 95. Except

~ when the wafer W is carried in/out, the shutter 96 is closed to prevent the



27 AUG 2004 within the face of the wafer W A device whi ch menguxuss 200he
di spl acement of the object to be neasured using properties of light such as
| aser Ilght or the like, or one which captures the aforesaid wave as an

image and neasures the aforesaid anplitude 5 fromthe i nage nay be

enpl oyed as the anplitude measuring devj £e. There are relations shown in
FI G 9 between the noving speed and the Supply flow rate of the devel opi ng
solution supply nozzle 70 and the filmthickness of the solution. However,
as the result of the experinent conducted by the.inventors, when the film

t hi ckness Heat t Slutibi? Frdin ?Pds‘?an from Within AR (RFo 28§faﬁﬁalllle‘?1ke an

devel opnent “result wi t hout unévenness co e obtaiimed In the case o

movi ng speerztn@thuﬁé Stetminegd atNGdphert Bherei.e of 1.51/mn. It is
conceivable that if the noving speed and a supply amount of the devel opi ng

sol ution supply Ttmezzlbeelb@rng enathodiwhichl isrvaeried bat detled dpvelophad uhitors

I mredi ately after supplied fromthe devel oping sol ution supply ‘5 nozzle
70 flows asteactured tlss ndesariped rebotven willi deulexpthinedarnexthewithar thé t h
respect to the vi ng, di recti on. uther, this,is also.,a cause for -

wavi ness. Phetoht! a@ﬁayuprogew whlc rléf performed in the copting [ darieloping

rel ation betge n%the movi ng speed and the supply amount is adequate t he
devel opi ng $hti-on i medi at el y after supplied fromthe devel opi ng sol ution

supply ports 73 il hig. clﬁe‘{felod?a'r{lgr 504 e néedgtﬁiﬂﬁﬁl‘d'ce?g@cfk% ro Wootlts the

SO|UtI0an|mJUS as’it t'he e’ adrsf wnin

FIG 11. Hexguge, @hﬁﬁdté‘eﬁri&vit”ﬁttépﬁﬁd afhediBR R eB PRIl R 4h i B8 &Haparge

nozzle 70 s too low, -or when the supply anount per.unit tinme is.too
t he devel opigw@ssiapuiniogrdly® \@3.ahTad waket W coavédin di¢ eghésion ehit HE with

devel oping solution supply nozzle 70 as shown by P in FIG12. = 27 AUG
2004 10 an adhesron promoter such as HMDS whrch enhances the adhesion to the
" resist solutron is carried by the main carrier unit 13 to the coolrng unit 30 and
vcooled toa predetermmed temperature Thereafter the wafer W is carried to
s the resist coatrng unit 17 or 19 and to the pre-bakrnc unit 34 or 35 in sequence
to be subjected to predetermmed processmo Thereafter ‘the wafer W is
15 ,carrred to the extensron and coolrng unit 41.
| | Subsequently, the wafer W is taken out of the extension and coohng
5 unrt 41 by the wafer carrrer 50 and then carned through the perlpheral alrgner
51 to the ahgner (not shown) The wafer W for whrch exposure processrng
has been completed is carrred by the wafer carrier 50 to the extension unit 42
jéo | and then held by the main carrier unit 13 Then, the wafer W is carried to
o the post-exposure baking unit 44 or 45 and to the coohng untt 43 in sequence,
'. '_ where the wafer W is subjected to predetermrned processrng, and thereafter it
is carried to the developmg unit 18 or 20, |
Explarmng in detail processes of the above-described developmg .

25 treatment, the wafer W for which previous processing has been completed is

first 'carried,‘into the developing unit 18 by the main carrier unit 13 and



Conversely, when the noving speed of the devel opi ng sol ution SLyQIwm@xl e
70 is too high, or when the supply anount per unit tine is too Srmall, a
part of the. devel opi ng solution which is thinner than the solution film of
‘the devel opi ng sol ution which has been. previously supplied tenporarily
appears 5 at a rear position with resp]g()ct to the noving direction of the
devel opi ng sol ution supply nozzle 70 as shown by Qin FIG 13. These
phenonena are susceptible to causing wavi ness, resulting in occurrence of
unevenness in devel opnent. To prevent "the flow ng ahead" or "the

t enpor ar I D ut+ f it rd it is
sui t abl e)é%lgﬁ?ﬁéfrezgg(gn '([% ﬁ%asr%{\?i %&%pggd .0 %}ﬁetﬂfgyg glggﬁgg Ss'gpﬁtﬁj?tg%%gﬁ%l y
nozzl e 7@ogrld Jodediicasitas beefunpitin@MBUtHe ReAShiMY thath 87 I16cifed §@$€e Shown
in FIG 12. In the case shown in FI G 13, conversel Yy, It is suitable to

decr ease waitingopositior fBenovés tha pesitibnp nehishl istinatheseygpby arak sigsid® or to
increase the supply ampunt per unit tine. 15 As for, the nonitoring of
"the fl o@NEE die wafent We tenporary occurrence of- a thin solution filnt

cxarefer by o Qoo e iyt elion bl onbs thotopt M g
the movi BFCHE et G drvalnBligsalifthinsh oBfifirs et (1sebesceva8! f or
tﬁEﬁUﬁL 3%%1?%’ Lot o L R ey o T O%ﬁ@régf tef}l_tmtbei T

e Dhot ghicdieat SEDGHNAS8RA b bl SALRPBIUEL e RS Thatilsn bl el | on

processes, but the present 1nventio applicable t it for

a substr alogzly 6rof BONminhls awthossl in PEGWef eie shpplyefienpirgie af th&D
substrate. = According to the present invention, when a: devel opi ng solution
is 07 Neeckgiag selifpin dthistevenhes s fbkmint e, the anplitude of a wave
occurring on a_solutjon face of the devel oping solution is nmeasured, so
that the anplit éeﬁers e v@eeleping sobien sypply nogrle i7ohmeveshahdher sel y

e reac i Eite At bBd B AR HY ok dnd pretiat § SUhide S ERE P BRe’ "
corr octi e Seelek Vh BoRbaPHRwAIcH 1 Tk Ry iRl VBb thfr S reofe rmae

ear || er aReeOIPRIALlnY 4 Rolutfort TP B BEAlevAsing E51Utibhon e AvafdUed

nunber- of def lve T'tenms and:. 1 nproved yi el n particular, tolerable

val ues - ofProbessesifl tordtectiig the meving®spédi ofGhs alavel Gpingf slatioh supply -
devel opi ng' sol ution are previousty stored, thereby automatically Changi ng
t he sett inogzte7@ widk be explainad drees asthghfGi 10de. Therefore, the correction
is made further earlier -to-thereby reduce the nunber of defective itens to
i nprove yi el d. Immediately safter tig Aleveloping salution sppdyigmazie glareashes opi ng
solution to.an,entire face of a.,substrate to performa.developi.ng. -
©reat monthe ORSTOtL P hicle s Pupdag RS o Rt end of The sureh Mo SR R L pp! y

nozzle .a‘thé‘f&ﬂﬁﬁ%'h‘? "ffﬂ»;f‘eo‘f ‘?Q@egéx?éllobﬁlags 'solution on the wafer W, the laser
0 displaqémént ‘gauge 90 starts me.asur,emeﬁt' to measure the anif)lit_ude of the
- W_aveé on fhe solution ..face E of the solufciori film on the wafer W. Then the
fhiéasured value N is sent to the main controller 92 and compared with the
: afgrcs’aid tolerable raﬁge of the'amplitud_en which has been previously s'tored' in

. the main controller 92. R o . |
5 ». . When_thé measured value N is greater thai; the upper limit tolerable

value A of the tolerable range, for example; a moving speed of 70 mm/s



fromone end to another end of the substrate while the developlg sol ution
is being supplied; nmeasuring an anplitude of a wave in a vertic UGk on
on a solution face of the devel opi ng sol ution supplied on the substrate

‘after the supply of the devel oping 10 sol ution; and changi ng the

predet erm ned speed of the developing gal ution supply nozzl e based on a
measured value. 2. A nethod as set forth in claiml1, further conprising
the step of; previously storing an upper limt tolerable value of the
anplitude of the wave 15 of the devel oping solution, wherein the

pr edet er nintedhsizeedei kv clovearedpeddroft lee rm@s/urg,edp\eeﬂuef thgcéeddoping upper
limt tolerable value in the step of changing the predetermn ned spee 3.
A net hod aelugiem supplp nozzd;¢ d0ris read according doihe secipetshevat &pFiG: 9 and

previ ousl (il‘l ng .g tol erable range of the anplitude of the wave of the 20
devel opi néléol Qs 2B its A8 iSAnt %tk}ﬁ’l@@éfﬁmt@étrﬂb}@étﬁzt s Tea, dbe settingen t he
measur ed value ‘exceeds a er i rabl e ue e tol erabl e
range, ana%tﬁ%fﬁ?‘él@&%ﬁﬁﬁ @dwrgnl, r%@é&%ﬁémﬁél & MAEMatue s
bel ow 2 | @ fro lEF‘S? tol erabl e value of the tolerable range in the step of
changing t e predef'éerm ned speed. - 27 AUG 2004 4. A nethod of supplying a
devel opi ng sol utygeh ke HeRMéd Q/all?% ) sﬁtattétsthéﬁttﬁe YGwRE 1fffi Toferabl

devel opi ng treatnent, conprising t st eps opIng sol ution

suppl y novale B of Miectstrbr: nes gepded exantflasta frfdvmgrspeeadof 9oaﬂﬁhtser end

of the substrate whil e the developlng solutlon I's beinhg'5 supplied;
which is one level higher speed of the moving speed of the developrno

solutton supply nozzle 70 is read accordmg to the recipe shown i in FIG. 9 and
10~ - FIG. 10, and 1ts data is sent to the movement controller 82. Then the setting
of the movrng speed is changed from 80 mm/s to 90. mm/s 51m11arly to the
'- above-descnbed case.
: Slnce the supply flow rate of the developrng solution correspondtng to
each movmg speed of the developmg solutton supply nozzle 70 is prev1ously
15 deterrmned as shown in FIG. 9, the data i is sent from the main controller 92 to
| the ﬂow rate controller 78 with a change in the. movmg speed to change the
. settmg of the supply ﬂow rate of the developmg solution. |
When the measured value N is w1th1n the tolerable range the movmg
- speed of the developing: solution. supply nozzle 70 is not changed and the
20 present settmg of the moving speed i 1s mamtarned _
‘The moving. speed of the developing solution supply nozzle 70 is
- changed or malntamed as described above whereby the step of correctmg the
| moving speed is completed. | o |
- On ‘the other " hand, the development of the wafer ‘W starts
25 | srmultaneously with the developmg solution being supplied onto the wafer w

by the developing solution supply nvozzle. 70, and the wafer W is developed



freasuring an anplitude of a wave in a vertical direction on a sgl t %ace
of the devel opi ng solution supplied on the substrate after the utﬁ‘pg b

t he devel opi ng sol ution; and changing a predetermined flow rate of the
‘devel oping solution fromthe 10 devel opi ng sol uti on supply nozzle based on
the nmeasured value. 5. A nmethod as setjgorth in claim4, further
conprising the step of: previously storing an upper limt tolerable val ue
of the anplitude of the wave in a vertical direction of the devel oping
solution, wherein the predetermned flow rate is decreased when the
measur ed \fat aeprefeterndadd pehiodupftémel i it tol erable value in the step of
changing the predetermned flowrate. 6. A nethod as set forth in claim4,
further conpri siAger the sompletion pf she develppsiantiofithe wafeerWbtie washimgof t he
anpl i tude szgieb wave in a vertical direction of the devel oping sol ution,
20 wher ei fQ %rlekﬁemwdn&afpwwat&bqw theceenter of ihervafes Weandr the val ve

d - limit tol | e val f th I bl . d
o edet or i WEIFE 1 Voky Seakted o Foite &5 SreiaGRminG! Aetdla0d the HeoHinE FOrels
the. pr ddet o B ERERFE it Ba ik dfodale SR SuBnly RS S s B 20 AFHE T °
SURP!Y! NG tRe RAFEOMWNO TRk Ally, ! e BuBNEUT & TAISE] o FeciDE B! Gralligher For m
a devel oping treatnent, conprisi'ng: -a devel opi ng solutron supply nozzAl e for

suppl yi ng doheticievatiahe nikeseplashiag frémithe watstwat e while noving at a
predeterm ned speed at l'east fromone end to another 5 end of the

substrate; . an arflidreafier, whenrthegupely of ther washinigr sslatian Bngtbppedietif a -
wave on a solution face of the devel oping sol ution supplied on the.
subst r at e;Waked W isoiotatgdpehighsntspeed ¢ drpr - Thatdrying stgptdfetherwatareWni ned
speed g tig %orr_lpieted, wheréby»thé developing treatment for the wafer W is éompleted,
and fhen the wafer W is carriéd out of the developihg unit 18 by thé main
. Garrier unit 13. | . o o
; 'I.n the 'abbvé-des_cribed éxﬁbodiment; the amplitude 6f the \.?.vave on the
. soldtién face E of the deyelc‘)pingrsolﬁtion_‘ supplied onto thfc‘\%/afer W is
15 measﬁrgd, and when the_ meas_ured value N is greater thah the upper limit
| 'toléfablé ‘yglue A,l the set ‘valfue of 'thé, imoving speed of the devéloping
. solution s:upply nozzle 70 i“s‘,de'cré‘é'se}d, and when the mela‘sm_;evd‘ value N is.
 : ',.smailer than fhe lower :li'r'r.lit"toluera'.blé "'v.élue_' B, the V'Se:t' valiie of the ‘moving
. speed is increased.  This makes it possible that Wheﬁ the measured value, the
20 amplitudé of the wave on.the solu‘ﬁor’; face E of the developiﬁg solution is’
large, fhe moving speed of the developing solution supply nozzle 70 is
| '.Vc'le_c;r-zéa‘sed Whéh'-the ,develloping _sohiti’on._is'-suppiiéd, thereby decreasing the
| ,amplifude ofa wave on a solution facé E of the devvelqpingvs'olution supplied
o on_t_o_ the wafer W ‘which will be pfoéesééd next._' On the other hand, when
25  the _émplitude of the wave on the Asolu‘tion face E of the developing solution is

smaller than the tolerable valﬁe, the moving speed of the developing solution



devel opi ng sol uti on supply nozzle based on a val ue neasured by EB@
anplitude 10 nmeasuring device. 8. An apparatus as set forth in | AU6n 2804
further conprising: a controller for storing a tol erable range of the
‘anpl i tude of the wave of the devel oping solution and conparing the

tol erabl e range and the neasured val ue §9 control the noving speed
controller. 15 9. A devel opi ng apparatus for supplying a devel opi ng
solution to an entire face of a substrate to perform a devel opi ng
treatnment, conprising: a devel-oping solution supply nozzle configured to

supply t hesusplelmizig 76dk dhtreaséd, theeetpubsduciie thid di Ferdn¥e B8 stirt @ime of
predeterm ned speed at |east fromone end to another end of the substrate;

20 an anpl theudevelepsenit rwithfenihee fasendf d’LerwfeloV&'ieaRlsEeaﬁmg awpldeveltping a
wave in »a,verwal direction on a solution face of the devel opi ng sol ution
suppl i ed omethed saeending éo theembodiment seygral timies @nablasearc adjustiieat of
configured,to control a Bf(glgster i ned flt)vv. rate qof the_deyel opi ng sol ution
fromthe dEFeO¥ing SResd, Seyplaping solutiansapplymazzia/ldoramadeartey t he

Furt hers colforihe oo i, poiciind BPREVRICH i Bl rilh b bPssli® Bhdiat
ther” colfir Lo POPIEHTS GPST P PG 2 | .
Gevel opi ng aiep are iR VI S o e Rpflich Jaedd i, hReblpibd®

val ue to ceslufieh supplie®Mte B vearer Widatrbe dddreadedievel opi ng apparatus for
suppl yi ng a devel oping solution to an entire face of a substrate to perform

a devel.opi ng t r cedntieer, sirmenthe tlegbld famgslef chopimyslitade Wil the wapplof thezz! e
configured to supply the devel oping :solution to the substrate while noving
at a prededeveldping sphuivmaantetis récipes mfea gidrality of kinds of the moving
10 spee'ds of the developing‘sd'li‘ition'supp‘ly"rvidzz'le 70 and the su_pply flow rates
of the developing solutié_n 1n relation to the'targét solution film thickness of
| the dgveloping solution supplied onto the Wafer W, are previously stored,
. ‘,'t_hgreby elivmi'natipg_thef necessify of chaﬁgii{g the setting of the fno.ving speed
" and the like by hand each 'i"ngasufement,' énd the setting is automatically
15 I‘c':hg.rllgedtq o - | | | |
e ' | '[.‘hé”se‘t' value of the moving speed of the developing solution supply
" nozzle 70 _is"lc'l.1anged when ".th.e measured value N by the laser displacéméht
Z'E:"'g:aﬁg_:q' 90 devi'ates_"frotp the 't'ollgrg:b.le‘rangé:}éga:fdless of deviation from the
upper ilh-‘r‘lit. or the lower limit in the épré?describéd 'embodirh'ent'. “The set
'.2‘0"" value -. of the mow./ing' speed méy, ho{}ve.v'é'r,'l be -changed only when the
B méasured‘ value N 'exce.eds.the u‘ppfcvr. limit foiera‘ple v_alue'A of the tolerable
| | .rérige;_ in "Which case the amplitﬁdé of th.e'bwav'e}- of the developing solution on
- the ,Wafér W c_:an also be suppfesséd, AI.ncidentally, ih this c'as,‘e,vitj is suggested
. to make the ,ihitiél~setting ‘of the moving speed of the devéloping solution
25 supply ndele 70 as high as pdss'ibl.e_in ordér to decrease the difference in

period of development within the face of the wafer W to as small as‘p‘dssible.



another end of the substrate; an anplitude nmeasuring device confa gyygdahe
measure an anplitude of a wave in a vertical direction on a solution face
of the devel oping solution supplied on the 15 substratée; and a controller
‘configured to control a predetermined flow rate of the devel opi ng sol ution
fromthe devel opi ng sol uti on supply nogéle and the predeterm ned speed of
t he devel opi ng sol ution supply nozzl e Based on a val ue neasured by the
anpl i tude neasuring device. .A AY.AF .A.A A3

.AH . A A3. ALl LA Aul . ALl . ASL. A. AHY. A A Al.AY. AA5. Ale _.A9. Al .A
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25 . ‘develo’ping solution tQ'_be sUpp_lied to the entire face of the wafer W, so that

- the adjustment is made to reduce the difference in start time of development
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supply flow rate of the developmc solut1on supply nozzle 70 and the film

thickness of the solution, However,_ as the result of the experiment
'conducted by the inventors, when the film thickness was”set' at, for example,
0 2.0 mr'n the most prefefable' de\}eloprnent result without unevenness could be
| obtamed in the case of a mov1ng speed of 65 mm/s and a supply flow rate of
1.5 Vmin. Itis concewable that if the mov1ng speed and a supply amount of
the developmg solut1on supply nozzle 70 are not 1n balance, the developmg '
solutlon_mnnedlatel‘y after . supphed from the developmg solutlon supply
5 nozzte 70 flows ahead in the moving direction or is pulled tow_ard- the rear
- with respect to the mov1ng d1rect1on Ftirther, this 'isv also a caﬁse -for
| wavmess A o A | |
| Explammg th1s with reference to the drawirgs, When the relatlon
o between the moving speed and the supply amount is adequate, the developmo
\0. solution imniediately after supphed from the developmg solution supply ports |
| 73 of the developmc solution supply nozzle 70 forms a solution film just as 1t
-is with the movement of the nozzle as shown in FIG. 11.
: waeVer, when the moving speed' of the developing solntion supply
- nozzle 70 is too low, or when the supply amount per unit tinie is'too large, the
5 . dev‘eloping solution flows ahead in the moving direction of the developing

solution supply nozzle 70 as shown by P.in FIG. 12.
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10m 10m - solution supply nozzle 70 as shown by Q inFIG. 13. |

| These phenomena are susceptrble to causmg waviness, resultlnc in
~ occurrence of unevenness in ~development. ‘
| To prevent “the flowing ahead” or “thetempOr‘ar.y occurrence of a thin
10 s’oiution”ﬁlm” as described above, it is suitable to.in'cr'ease the moving speed
o of the devlelop.ing solution supply nozzle 70 or to 'decrease the supply amount
- “per unit'time in the case shown in FIG 12. In the case shown in FIG. 13,
‘conversely, it is suitable to decrease the mov1ng speed of the developing
solutron supply nozzle 70 or to increase the supply amount per unit time.. |
15 As for the momtorrng of “the ﬂowrng ahead” or “the temporary -
o occurrence of a thin solutlon ﬁlm” as descrlbed above, the former can be
‘checked by capturlng its image, for example by a CCD camera or the like. .
o The latter can be checked by measurmg the ﬁlm th1ckness of the solutron near
o the Tear. posrtron wrth respect to the moving. direction of the developmg
20 solutlon supply nozzle 70, for example by the laser dlsplacement gauge.
| It should be noted that the above descrlbed embodiment is for the
developrng un1t for the wafer W 1n the photohthography process in the
semlconductor wafer device fabr1catron processes but the present 1nvent1on is
apphcable to a developmc unit for a substrate other than the séemiconductor
25 Wafer for example, an 'LCD substrate.

According to the present 1nventron when a developmg solution is
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In part1cu1ar tolerable values 'of the amphtude of the wave on the

10 solutlon face of the developmg solutlon are prev1ously stored thereby
automatlcally changing ‘the ‘s,ettmg ‘to suppress the aforesaid amplitude.

: Thereforé, the correction is made further ¢af1ier to thereby reduce the number

-of defective items to improve yield. -
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measuring an amplitude of a wave in a vertical direction on a solution face of
the developing solution supplied on the substrate after the supply of the developing
10 solution; and
changing the predetermined speed of the developing solution supply nozzle
based on a measured value.
2. A method as set forth in claim 1, further comprising the step of:
previously storing an upper limit tolerable value of the amplitude of the wave
15  ofthe developing solution,
wherein the predetermined speed is decreased when the measured value
exceeds the upper limit tolerable value in the step of changing the predetermined speed.
3. A method as set forth in claim 1, further comprising the step of:
previously storing a tolerable range of the amplitude of the wave of the
20  developing solution,
wherein the predetermined speed is decreased when the measured value
exceeds an upper limit tolerable value of the tolerable range, and the predetermined

speed is increased when the measured value is below a lower limit tolerable value of the

tolerable range in the step of changing the predetermined speed.
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10  developing solution supply nozzle based on the measured value.
5. A method as set forth in claim 4, further comprising the step of:
previously storing an upper limit tolerable value of the amplitude of the wave
in a vertical direction of the developing solution,
wherein the predetermined flow rate is decreased when the measured value
15  exceeds the upper limit tolerable value in the step of changing the predetermined flow
rate.
6. A method as set forth in claim 4, further comprising the step of:
previously storing a tolerable range of the amplitude of the wave in a vertical
direction of the developing solution,
20 wherein the predetermined flow rate is decreased when the measured value
exceeds an upper limit tolerable value of the tolerable range, and the predetermined

flow rate is increased when the measured value is below a lower limit tolerable value of

the tolerable range in the step of changing the predetermined flow rate.
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solution face of the developing solution supplied on the substrate; and

a moving speed controller for controlling the predetermined speed of the

developing solution supply nozzle based on a value measured by the amplitude
10  measuring device.
8. An apparatus as set forth in claim 7, further comprising:

a controller for storing a tolerable range of the amplitude of the wave of the
developing solution and comparing the tolerable range and the measured value to
control the moving speed controller.

15 9. A developing apparatus for supplying a developing solution to an entire face of
a substrate to perform a developing treatment, comprising:

a developing solution supply nozzle configured to supply the developing
solution to the substrate while moving at a predetermined speed at least from one end to
another end of the substrate;

20 an amplitude measuring device configured to measure an amplitude of a wave
in a vertical direction on a solution face of the developing solution supplied on the

substrate; and
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measured by the amplitude measuring device.
10 An apparatus as set forth in claim 9, further comprising:

5 a controller for storing a tolerable range of the amplitude of the wave in a
vertical direction on a solution face of the developing solution and comparing the
tolerable range and the measured value to control the flow rate controller.

11. A developing apparatus for supplying a developing solution to an entire face of
a substrate to perform a developing treatment, comprising:

10 a developing solution supply nozzle configured to supply the developing
solution to the substrate while moving at a predetermined speed at least from one end to
another end of the substrate;

an amplitude measuring device configured to measure an amplitude of a wave
in a vertical direction on a solution face of the developing solution supplied on the

15  substrate; and

a controller configured to control a predetermined flow rate of the developing
solution from the developing solution supply nozzle and the predetermined speed of the
developing solution supply nozzle based on a value measured by the amplitude

measuring device.

20



