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Background of kon 5 1. Field of the Invention The present
i nvention rel m Im I’mmlﬁ'mwm;el oping treatment nethod and a develiopiNOy 2004
‘treatment unit for a substrate. 2: Description of the Related Art In

phot ol i t hogr aphy df*'%#he process of flabricating a seniconductor 10 devi ce,
for exanple, resist coating treatnment for coating the surface of a wafer

with a resist o) j fl r u cessi ng
For exposi ng. a LRvEdrFaNG AOtRAnBTE T MeEHO AR rBPEOBARIET op ng

t he exposed wafer, and the |ike A~ sequence to forma
predetermned circuit pattern o&ﬁkﬁéiiééﬁfﬁﬁhﬁfrln the aforesaid

devel opi ng treatnent, usually a devel oping solution supply nozzle which is
formed | onger than a dianeter of the wafer and has a plurality of supply

ports along its |ongitudi nal wl l?ﬂo- _ e end to the other end
of the wafer while dischargi .%é‘i uevhgauﬁfﬁgesgi\{u[dég onto the wafer,

wher ey t heFiuIfaBeTeavealtien on is supplied to the entire surface of the 20
wafer. After a developing solution filmis formed on the wafer, the wafer

i s devel oped whThe pregennimersici rélatdsyto & déwalopimt rehahent ictHetednt aed
period of tinme. On this occasion, on the wafer, a resist filmand the

devel opi ndevdloping treatment expofmda pobstrate. whi ch becones sol uble in the
devel opi ng sol ution by exposure chem cally react with each other to

di ssol ve Eh@eéﬁlpptled ofstheoRelasad Adter eby t he devel opi ng of the wafer
progresses. However, it is found by experinent by the inventor, et al. that
when 1 1 nodmg@hatolifleograpdiyo oif ndres pracessn of ukghnicatng 12 semippndyctone
devel gpi ng s,ol ution while nmoving i,n a predeterm ned directign as_descyi bed
abovell t e BCEC IRl SXHDPH EFISY cpaamgﬁmr&oa@m@m engf davadieron,
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speed at I ; } d hence the devel opi ng speed at
?fé&t&hﬁ?&ﬁ%lﬁ@ﬁmﬁggﬂ%ﬁmag&“
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this portion increases conpar er portions. As a result, a line

\F/)wogz rlgﬁ; this PRI thoRfBAKAENV6HNR tieatidhe dudidily Ehaseeidbing Wlution

supply nozzle which is formed longer than a diameter of the wafer and has a
plurality of supply ports along its longitudinal direction moves from one end
to the other end of the wafer while discharging a developing solution onto the
wafer, whereby the developing solution is supplied to the entire surface of the
20 wafer. After a developing solution film is formed on the wafer, the wafer is
developed while remaining $tationary in that state for a predetermined period
of time. On this occasion, on the wafer, a resist film and the developing
solution at an exposed portion which becomes soluble in the developing
solution by exposure chemically react with each other to dissolve the exposed
25 portion, whereby the developing of the wafer progresses.

However, it is found by experiment by the inventor, et al. that when
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Meanwhi | e, when the devel oping solution with a | ow concentration 15 which
is at an) exposed portion and used for a chemcal reaction flows into an
adj acent) exposed portion, the reaction speed at this exposdd NoYt2Wn
"decreases, and hence the devel oping speed at this portion decreases,
whereby a line width at this position Beconmes wi der conpared with those at
ot her portions. Specifically, the devel oping speed wthin the surface of
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surface of a s rate to ping treatnment for the substrate,

conpri si nthe éné endtofshepwafersuppl yi ng the devel opi ng solution to the
surface of the substrate while a devel opi ng solution supply nozzle is

movi ng rel ati veWlen tie debalopang sohnibravdtr aidgh tcomcehtrdtival whiclpist dtean
substrate for a first predetermned period of tine, the second step having
the step @fexposed portioe agl aoteyetpused forw ichemioal reaction ftewsfintdean
substrate after a second predeterm ned period of time fromthe conpletion
of the fiddacentpxpased portipnngnderepuchs apphenomenons drovesvarpitke dhgmicakt i ng
the substrate. It is, desjrable that the substrate be rotated so that_ a

t hi ckif%es sTEBCPRSRRAF: R fNy C3BPEed MPTHPReinarpases; apdohenee thendeveleping

devel opi ng_sal ut j,on is_ .not, 15 | ess than r.edet.erm ned t hi ckness.

Vor cover SR & BES sotiBRLintEerses Rl Hifl oty DO SRR
after they; . e e devel opi n | ution and th te ngi n
a rotati glﬁﬁ% mﬁhf §¢ ,Ssﬁggtwrhtbeecgi%eésgn&ﬂrqs\ﬁ%r ﬁ%&&tﬁsﬁe}‘(ﬂfﬁnﬂw%ﬁ Lﬂ’iﬁﬁ ? "
added. Algﬁtmﬁi.vel y, the step of measuring a thickness of the devel oping
sol ution er the step of stirring the devel opi ng 20 solution and the step:

of changing, a } S r :has wmm
be furt_ﬁergadde _. det'}g%a??l\?gl Elje %agém%go?&rﬁrgggu%ﬁg%alﬁi C nesst of the d
develigpi nghieH i A0#n ¥kipdked (fpi%rﬁbﬁparf& udéd ot H%h%ﬂ%c@ﬂ‘@éamrﬂﬁloi@d ititboah and

the step of changing a'rota i

on accel eration of the substrate based on the
nmeasur eneadjaoenyt dxepdsed: pertion] dhd redftich gpred apiis ekpegedpoitivnidecoéasd’s
present inventionis a unit fox performng developing treatnment for a
subst r at eard/ hemgp! tHenglexetspingopperyl at thid portiof Helttddes,omitarebyta line
surface of the substrate while noving a devel opi ng sol ution supply nozzle
rel ati ve widthhat thipgrasitien hasomes imgcr gompared withvthasendseothfesrparsiogisng
and rotatjng.the substr&t e'l@a_nd a rotation controller for norpally and

rever sel ySPQﬁiﬁilcﬁHQ, the BADGr specdviglein tie snrfage elifhe Waﬁertbﬁgomes

devel gpi ng 5 .sol utj on, . N . e
20°' "Thuniform due to the aforesaid phenomenon, which causes unevenness of line

width of a circuit pattern finally formed on the wafer.

Summary of the Invention

The present invention is made in view of the aforesaid point, and its
25 object is to provide a developing treatment method and a developing

treatment unit for eliminating the ununiformity of developing speed within



"According to the present invention, even if such a fl ow phenonenon of the
devel oping solution as described above occurs, by stirring the devel opi ng
sol ution on the surface of the substrate during the second step in which
“the substrate is being devel oped, both an exposed portion ahd NIV 204
unexposed portion are covered with tHe devel oping solution with a uniform
concentration, whereby the devel oping speed is made uniformw thin the

surface of the.substrate., Accordi to the know edge, of .the .inventor, et
al ., reagli‘?owrﬁ%&ft% ykstratg %"}Cr}?f?é ﬁr&@r@%scaé\‘seaebﬁl s ﬁéoﬁsélécti@'tver ed
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progress so nmuch, hence the concentration opi'ng so on 1's the

same Wi t Gomphieingt affaee seép bﬁ%u?ggﬁhrga&% d@*%logﬁégé s&fdtidd P9t shifageRST Nt

hi nders devel opi ng rat her "t han an effect o veloping. It Is desirable

t hat t hetlsesubstratecodtler Eidwélcﬂ]ﬁﬂgosbluﬁohi sEpply wozAe Hehevingf rdlatiweftbom

the supply of the devel oping solution onto the substrate to approxi mately
50 % to &eosybstxatesandf at secohdnitepl ofedeveloping theyeubpirate fot 7 €3¢ 200
5 at the exposed portion, and.,, for exanple, when the first predeterm ned
peri od oPredetsrmineshpeowdnaf sime sthessecqnd stapshaekig the stephaf stimingethend
pr edet ergiegg period _of tinme be approxi mately sec. to 15 sec. fromthe

resul® o Ingy selutian: o5 thie surfage opfl Shgf sgbstrategafter par fsscond by
o 9ph BRI gt ik IR AR it 5 1
o appr opr | at e G SFE S8B3S Mirforrdtd, fos PRRRe, BytrolRtib e subsdRi Y ac
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the substrate. 15 I't is inportant that the aforedaid rotation o

subst r at thicknpsy béthe deselépialg sokition akeedhe tep T stavhiomadevelapingn
after the step of stirring the devel oping solution is not” less than a

pr edet er sdhdibnt and ke step dhichangingeeaaosation tiche ofdhielsubistrgtesbased on the t he
substrate is excessively cast off due to the rotation of the substrate and
t he devemgasngermentimay biei funthher addedt oAlzernativiely,t ther stepcofimeasuring a
harnful effect that the devel oping solution dries and, thereby developing is
not appr Bpekaess of the davieleping seluiosprfigr thestepmf stimingthedevelaping

t hi ckness of, the . devel opin olution filmis adjusted by controllipg the
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nozzle i s noving from on er end of the
25 A developing treatment unit of the present invention is a unit for

performing developing treatment for a substrate by supplying a developing



substrate. When the devel oping solution filmis formed on the substrate by
such a novenent of the devel oping solution supply nozzle fromthe one end
to the other end of the substrate, the devel opi ng sol ution tf bﬁ%ﬁ%ﬁwlied
"has a speed in a fixed direction with respect to the substra g, ereby the
i nfluence 10 of the aforesaid flow phgnomenon of the devel oping solution is
exhi bited remarkably. Hence, the aforesaid performance of the stirring step
during the step of developing the substrate is significant. Inp thif case,
the step solusiomptyimgurfaseded dhepswosteaieuwhile meviag: 8 dereloping&OIWRORhe
substrate while noving the devel opjng sol ution supply nOZéLe 15 t is:%#ne
in an oppoepply wozdewelative txthe substrale, CRERAHAS: SPtAY ﬁé{%ﬁéﬂ&ﬁ t he

substrate, aff.er stjrrin, be, further .provided, whjch can furth enhance
She unif ohaldipeAndieoiatig e Srbsitaenendae SorataT coBtoNe 3y adsiarly &hd
treatnment unit .of the present invention, .t he aforpesai LF (il

properly Beelf‘felfrﬁ?lﬁle@tﬁg}ngc}ﬁﬁeﬂqtt?/;yaﬁﬁwre@g?@éqrya@%r g‘{lﬁ?@t H}Q&‘ggSQE&ﬁgg

Bri ef scryption of the Drawings FIG 1 is an explanatory view of a plan
of a cbat PRYSHH devel opi ng treatnment systemincluding a devel oping

(reatment unit uxgbrithed!BE'RBIAN Bvehtion Th FXIla FEH Phélibhends

enbodi nent; Fl ront *view o e coating an i ng treatnent

system  &f thd\evliBfing ! dolfitien kis fddscribets aboyealoctussy Oy tirriesgalthog

and devel opi ng treatnent” systemin FIG 1; FIG 4 is an explanatory view of

a verti Caﬁeﬁéﬂgiﬁg solutibe cievied anifageof teasubstraterduring eeisecohd step in
enbodi nent; FIG Is an explanatory view of a horizontal section of the

devel opi ngyltitkatiesubstrate s cbeing deeekped)i betht ;anFe@posed partiver gpdcanve
vi ew of a devel opi ng sol ution supply nozzle used in the devel oping ,
t r eat Ment umekposed Pofion; art0covezed7wit the develapingsselutionawith 8 Wwiforme
devgl op! n%oggclerlljttriat?gn,s 'lw}?elzr%by the developing speed is made uniform within the
surface of the substrate. According to the knowledge of the inventor, et al.,
reaction products created by the progress of developing are scattered by
stirring, whereby the concentration of the developing soluj:ion is made
15 uniform. |
The above is realized irresbective of pattern spacing. Accordingly,
the ununiformity . of line width of a circuit pattern finally formed on the
substrate is suppressed. The reason why the stirring step is performed after
the second predetermined period of time frorh the completion of the first step
20 is that immediately after the start of developing, the chemical reaction of the
developing solution does not progress so much, hence the concentration of the .
developing solution is the same within the surface of the substrate, and thus
stirring at this point hinders developing rather than has an effect on
developing. It is desirable that the second predetermined period of time be a
25 period of time from the supply of the developing solution onto the substrate to

approximately 50 % to 80 % progress of the chemical reaction of developing



‘nozzle in FIG 6; FIG 8 is an .explanatory view showi ng tinme distribution
between the start of the supply of the devel oping solution and the end of
devel o_pbng; FIG 9 is an explanatory view showing a state ipywhookhe
“devel oping 15 solution is supplied onto a wafer and a devel opi ng sol ution
filmis fornmed thereon; FIG 10 is an explanatory view show ng a state in
which the wafer is rotated and the e¥cess devel opi ng solution on the wafer
is cast off; FIG 11 is an exp)anatory view showing a state in i ch, the
(ot at | on BGNECAORSCAAAHIN: ABGhIPEEZAME, When: e rstpredetermined PeRiathe

fer; FIG .12 ] ; ti ' howi, th f f ly.in,th
step of B IERMONIBRL A0 st s drsirabla e seqand preddiemmines ,
[ f [ . ti f.the.d | [ t t it
i opl acerRAROY TR P TR e (o ok SBF- SMhHO siopf tgodsr”
| uti fJlmi 1 d |.r NOV2oo~ Det ai | ed De I pti f th
pr et er r e BUIERERT thE IR upnidra Smbodi ment of the present i nvention will
b | ai ned b . ' et | L S:
Do oXBl o ned DoiOMindh g pRRGHA1 O3 TEAAAE! I RCRAL "hd uaidibBine
vi ew of giufioaldithebibeiene!iathded HALMITuENPEGHEL hld it th8ame
devel oping treatnent unit, FIG 2 1is front View of t d

e coating an

devel opi ngimie! e dAnickdéntall§] Btﬂislimg?dtaﬁt% Dthte the Sabstratewayf ah Rpproptiatg and
devel opi ng treatnent system 1. shown in FIG 1, the coating and

devel opi ngeriodafrtime and atam lappopaate rotatiorespeedvandrodation secekerationj on 2
for carrying, for exanple, 25 10 wafers Wper cassette, as a unit, fromto
t he out siated iespecially as fonshe aatation speedet80opmgta 4680mpm isyeazamof and
carrying the wafer Winto/out of a cassette C, _a processing _station 3 in
whi cHOvarwefer withdtheosizerefa8 rimntandn3® gpenén 1000 memfisr saseyoprewafer Witk d

treatnent for, the wafers Wope ne in coating.and deyel opi,ng treatment
proc _es_sesm&rsézé PhdKcin. age m&fﬁ&é ﬁ'PEF the é%&itl‘gfg@@ m@%&#&@@%ﬁbﬁhﬂl@ for
recevi ng{n%%ﬂ%rf]g AE Efo\r'\%];ee ;ot\é.vtifornotﬂnte? a%‘rf)rgki'rggt%iy two seconds are preferable.

S'.tirring may be performed in other ways, for example, by giving vibration to
the substrate. |
15 It is important that the aforesaid rotation of the substrate is performed
so that the thickness of the developing solution after the step of stirring the
developing solution is not less than a predetermined thickness. This is
because if the developing solution on the substrate is excessively cast off due
to the rotation of the substrate and the developing solution film becomes too
20 thin, there occurs such a harmful effect that the developing solution dries and
| thereby developing is not appropriately perfoﬁned in developing treatment
thereafter. The thickness of the .developing solution film is adjusted by
controlling the rotation time, rotation _speed, and rotation acceleration of the
substrate. According to an experimental result by the inventor, it is
25 preferable that the thickness is not less than 8 p m.

By measuring the thickness after the completion of the second step



not illustrated but provided adjacent to the processing station 3 are
integrally connected. In.the cassette station 2) a plurality of cassettes C
can be nbunted at predeterm ned positions on a cassette nou t.}' [ﬂgvt, le 5
which is a mounting 20 portion in a line in an X-direction (‘a {'Op-T0-bottom
directionin FIG 1 ). A wafer carrier, 7 which is novable in the direction
of arrangenent of the cassettes (the ® directi on) and in the direction of
arrangenent of the wafers Whoused in the cassette C'(a Z-direction; a ,
vertical and eontrollingsthe sotatéah ttimee rotation spatdngnd ratiorragpelerati®nso as
to selectively get access to each 25 cassette C. The wafer carrjer 7 has an
al i gnmentde\aleping tisptmeny crnpea perfaamed wyder morye pppromdate conslitians:
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~ side of thehcehbPemRRd Jien .Bé‘&élgghia%%bﬁﬁ%n %Qpﬂihﬁﬁ‘zﬁr {rrolﬁ‘i’ thdidnd er&d and

treatment unit group G3 is disposetd ddjacent to"tlhre cassette station
the fourtty theegth®e¥nd/of thasabbtrit, ithe HsRISSihgAgH1AGOM! tof Be Tshgpliéﬁq{afsad?e

section 4. Further, a fifth treatnent unit group G5 shown by a broken Iine
can be adyfieedamad lfixedl dhesﬁdnqwimhess\?et tcs titeswlsstedte P i eaby the influence
carrier unit 13 can carry the wafer into/out of various treatnent units
15 wHioch off therafaresadd i flowhpheneaterront afnthie dievepopifig, seltiof3inmethiBitedd -
w || be described later. It should be noted that the nunber and_ disposition
of treat smarkably.qgr blepseathe aforesaishperfopmanicapiothet stbrringpstepfduning thent |
and the nunber, of treatnent unit groups js optional. In the first treatnent
unit gr OLﬁieEPfd%&ﬁi@RH}ﬂ)nﬁﬁSl&Stéﬁé\mSi&mﬁC@nﬁZ, 20 a resist coating unit 17

for coat!n.g th(cethv%&er Wwith a r-etf-i st .sol ution and a devel opi ng treatnent
$ CaSGANSIAR 9 SIRRRIME 1% HSUCIRRIBE SONIOR 2K f0 the
g%'z)dilﬁeln ngc F I %Pﬁ{ re Bt1 cked. int tiers frog Eﬁe bot tom in,
order. it Of thé Subitrafl Syie RiTing e fleyvefiing Hutids SBply Razls ng
. 9 o . . it .20 . .
the Bt Gy fosFHERBRIBIGSE e bn, Ridt J6n 00 5é Biftend vd ¥s Woflenrar ' Lo
shown i n thkGubstrate after stirring may be further provided, which can further enhance

the uniformity of developing treatment.

According to the developing treatment unit of the present invention,
the aforesaid stirring can be properly performed by normally and reversely

20 rotating the substrate.

Brief Description of the Drawings

FIG. 1 is an explanatory view of a plan of a coating and developing
treatment system including a developing treatment unit used in a developing
25 treatment method according to an embodiment;

FIG. 2 is a front view of the coating and developing treatment system



"1 Z NOV 200 to a cooling unit 30 for subjecting the wafer Wto cool i ng
treatnent, an adhesion unit 31 for enhancing the adhesion of the resist

sol ution and the wafer W an extension unit 32 for maki ng the wafer Wwait
"therein; pre-baking units 33 and 34 each for drying a sol vent? KoV 260 resi st
sol ution, post-baking units 35 5 and 36_each for perform ng baking
treatnment after developing treatnment, of the like are stacked, for exanple,
in seven tiers fromthe bottomin order. In the fourth treatnent unit group
&4, for exARIGel;a cooling unit 40, an extension and cooling unit 41 for
naturally cooli nlg the wafer Wnounted therein, an extension unit 42, a
cooling unit 43FIGostisexpearuviewafithg codting and devehoping tgatment system
perform ng baking treatnment after exposure processing, post baking units 46
and 47, omFHe. like are stacked, for exanple, in eight tiers fromthe

i Ei erTace sect {Hﬁﬁ%ﬁ& APl wiéng%P AoreibieRl serieri ¢ e ﬁ%@%‘ﬁgg g

X gi | .18, o | ioninFIG 1 i
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t r eat ment i : rd osure unit 51, and the aligner not
iBlhef 896 b i REbSLn

illustraté 0 each of them 20 Next, the structure of

the aforesai d dRygl @ing S4reBEERIN vidky of & BbVdloBig sohation dupplyleicudle As

shown in FIGS. 4 an spfn chuck 60 which is a suction-holder for

sucki ng afsed il thedetERpias erealient ROVirdBIGI #; a casing 18a of the
devel oping treatment unit 18. A rotary drive nmechanism 61 having, for

exanpi®, a not oFIGr 7 iealvdstical gectionadt viey tofethepdevelopakg 8olitsor Supplyi ded
under the spin chuck 60. The operation of the rotary drive nmechanism®6l is
r ot at abl ynopzlerinl FK8. &y a rotation controller 62, and the 1 7 NOV 200 11

rotary drive mechanism 6l is structured to be able to rotate the wafer W
for a predet er nFHad & ist an ieaplanatory view: showingitims gistsbutionabebreapdad and

tati | erati the wafer., W The rot hani sm 61
0f the_SpRarcet e Sepibef ResarsloRig salusion 1Ay Rodi GrATYRIOBHTE: chuck 60
5 dd , hy th f W del i d.f 00T 0.
ip 5 and down, e i e e vt be ol ts0 LEORLSOAOR B
ot s gg ![gél%lfitdn {9 sBPPHER orftdPa SRttt fnd ' dHPBRDiAS 10A8A fifiPlsC¥difiéd
thereon; | |

FIG. 10 is an explanatory view showing a state in which the wafer is

rotated and the excess developing solution on the wafer .is cast off;
" FIG. 11 is an explanatory view showing a state in which the rotation

20 of the wafer is completed and the thin film is formed on the wafer;
FIG. 12 is a perspective view showing another form of supply in the

step of supplying the developing solution; and.

FIG. 13 is an explanatory view of a vertical section of the developing
treatment unit when a laser displacement gauge for measuring the thickness of

25 the developing solution film is provided.



outer periphery of the spin chuck 60 to surround the outer periphery of the
10 spin chuck 60 so as to catch the devel oping solution and the |ike
scatterdd fromthe wafer Wwhich is suction-held on the spi n. chuck 60 and
rotated, thereby preventing the units therearound from bei Hg’ NGt 408 nat ed:
A drain pipe 63 for draining the devel gping solution and the Iike scattered
fromthe wafer Wand the |Ii ke and an exhaust pipe 64 for exhausting an
atnosphere in 15 the cup 65 "are provided at the bottom of the cup 65.
Further, provided i nDebailedDestription efithd ResfeymshEnbodiammes 67 for
supplying a washing solution to the rear face of the wafer Wheld on the
spin chuck 60 tA peeflerrdte enshodiment of thhepmeatet inventioniwdl foec bBrplainediot
illustrated is provided in the cup 65, whereby the entire cup 65 can nove
up and dobgloand & seyelopingaireatmeant methed acsondingetotthds rmmbediment i%
devel opi ng splutio supEAy\@Hozzl e 70 which wll be described |ater. An
%Ma@ §

out er cupCBLEd ORtg apig Hreatmentpenit add@pénis ¢ plasyivaew ofitai de

gﬂi f?‘be:??%ﬁai ﬁéﬁﬁdéqr‘v:@ﬁwxgnh’e C&&ﬁ&@&%ﬁ%ﬁﬂgﬁ%@&@t efé’ ﬁfb&g%fo?piﬁ&%fakﬁ%?gg
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the vat er 2 FAChacRcRtenfieBkE Sle bORiEY SFla J4PaiR il FRGERN R e BRER C0,

the scattered wAshimgwAGUFIGD 12 eté@ath} %navasvﬁﬁmogt@@fm PSydferh NE

casing 18a, as shown in FIG 5,’the develdping so suppl'y-“nozzl'e 70

as a devehgpiangtrachurei B viliBR! ¥ EWxgatte dtatiofUPRoY Ay, dRyederhple, 25
solution to the wafer W and a washing nozzle 71 fox supplying the washing
sol utigon WwafédseWipeercdsaete 0hs tahanifesmyoaties puesiidddatoioub@fhthe d@@tir!;? th
the outer cup 66 between them The devel oping solution supply nozzle 70, as
shown i n &@dsdevelopingetdatmant isystum il andacarying the wafey W dnteloutioh 45.
The arm 75 is structured to be freely novable on a rail 76 which extends in
one di r eceassattecCdarpradessinghstatiday 3t ire vérichvwatiows kixgls 9f treatnientcenitsg
18a, and its noving speed and noving_ timng are controlled by a novenent
cont r ol | egachriormperiaraing predetermingd dreatmsns fordhesvafespWor® bitormin

supply nozzle 70 to, nove above and 15 parallel to the wafer, Walong th
af br evai CaANg aof sVl oniE eADREnt PEberspes g StAckadt Ui TRALDIG i ’n%mg

23 " e SO RS DS B Bl B
supp i ed. JSESRRAT e TR A 5] bt R HHE B D o B
sol ution,§ Sl €, pure water is supported by a rinse arm80. This
rinse arm80 1s structured to be freely novable on the rail 76 by a drive

mechani sm not iy #id EatRAte AaEEDNG! Plurdlfi H@%ﬁbi&té&oéz+£1 bt fnpubpe@ate in

the Milirection simlarly to the devel'opi ng~sol ution supply nozzle 70. The
25 washi ngredeternginéd positiondi@d d eafiettebinduningutibly 3 RehivhSBi HencG@itigg on
to the center of the wafer W for exanple, when the rinse arm80. is

posi t20onepbrimavin a in& iNQA 20@itsctidie (2 ¢opap-bdttomedivetion\ih FEGs 1)t hé
washi ng sol ution supplied onto the wafer Wwhich is being rotated is spread
over the waférr eamigrf dcevhicht fre maveblenin otheh dixgeyionniof oarrapg ement tofk thet i re
surface of the wafer_ W_ Incidentally, the washing nozzle 71 may supply the
washi ng seasaeiten (he X-direcliendrang 5 whe|direatiom gl rarcangenent of dhe ryaters

eri pher dge of the wafer Th eve] opi ng sol ytj.on supply nozzle 70,
gs sﬁown nﬁp%@&) an ;;ﬂg cassette\g (a Ze-d?rect{onp;) a gert?c dlrectlson p1syprovﬁe§ to

be movable along a carrier guide 8 so as to selectively get access to each

25 cassette C.

The wafer carrier 7 has an alignment function of aligning the wafer W.



'FIG 6, has an elongated formas a whole, and its length L is at |east

| arger than a dianmeter of the wafer W One end of a pipe 85 for all ow ng

t he devél oping' solution to flow froma devel opi ng sol uti on 4sppplyz0mour ce
"not 10 illustrated into the devel opi ng sol ution supply nozzle 70 is
connected to the top of the devel opi ng sol uti on supply nozzle 70. The | ower
portion of the devel opi ng sol ution supply nozzle 70 is provided with a
plurality of devel oping_solution supply ports 86 in a line in the |

| ongi t udiFa¢ waferecarmer 7Heséarctunesl E%bgrﬁh/lﬁ torget ascess alsas by a0 GHCREOBy voi r
87, which is_laong in the | ongitudinal directio nd conmuni cates wLth_the
devel opi s 3RUDCHKieg dxha >&h158rtf%at9@ae,ntil§uf 8FORR %ﬁé’ S{IFOCERYBE SLRtion 3

Gevel opi MateBp HATERE FRGRRETIARS,  he devel opi ng. S0i uti bn Suply noszle 70

E ﬁggv‘uégtet he” doul @%?Rég%eg'ﬁﬁé“%‘f#&*ﬁﬁr %“ﬁba?fﬁl&'aﬁlé%tﬁﬁﬁf ?'éﬂ&l)ﬁﬁ?‘iiﬁéﬁ‘e%@f%ﬁm
bath 85 (SPtun IR Ran RATOCOR it DT P Kpicd 6 wathRg fn SuBOR L0t
orat oGS A G 1 B B O hve

a cross shelddafin He¢Shpeag tRsdtieat a§stein 2ol tleatbkanaaitgtotpy &b bpi ng
sol utionqgupply ozzle 70, an% 17 NO%SZOO 14 s%ores t her ei ﬁgia P g

pr edet er nGReG3; andeBY drerdivpssedig The filgy ahdmecondatedtientartiegroups &rlt he
devel opi ng sol ution supply nozzle 70, The casing 18a is provided with a
carri er oehGagodisposed onvihiecfrontsideadfthetoatingandedevelpping trpatmenimi n
carrier unit 13 and a shutter 91 for 5 opening/closing the carrier opening
90. HRcepmystdranls Hbewtiisd treatment uined gfﬁllﬁuﬁ,% tifedisposedradyacent épogtfd to

prevent a treatnment sqlutiopn frombeing scattered frqoqmw f.hin the,casing
18a and rRASAEHE §tatiqsy gdéﬂ@rtﬁf’r{@élr@t%étﬁﬂ%weuwe&rﬁpﬁ.am& isposediadiarent ng

treal mar]tto tehi%ct]le ace Qec':t?ox% ar lggrtﬁg%, 4 Bt featment unit group G5 shown by

a broken line can be additionally disposed on the rear side as an option. The

main carrier unit 13 can carry the wafer W into/out of various treatment units
15  which are arranged in the treatment unit groups G1, G2, G3 and G4 and will
be described later. It should be noted that the number and disposition of
treatment unit groups are different depending on the type of treatment, and the
number of treatment unit groups is optional. |
In the first treatment unit group G1, for example, as shown in FIG. 2,
20  a resist coating unit 17 for coating the wafer W with a resist solution and a
developing treatment unit 18 in which the developing treatment method
aécording to this embodiment is carried out are stacked in two tiers from the
bottom in order. S’imilarly, in the second treatment unit group G2, a resist
coating unit 19 and a developing treatment unit 20 are stacked in two tiers
25 from the bottom in order. |

~ In the third treatment unit group G3, for example, as shown in FIG. 3,



10 devel oping treatnent unit 18 structured as described above wll be

expl ained with a photolithography process perforned in the coating and
_developihg treatment systeml. First, the wafer carrier 7 ta §,@@ezm#
untreated wafer Wout of the cassette C and carries it into the adhesion
unit 31 included in the third 15 treapment unit group G3. The wafer W
coated with an adhesi on pronoter such as HVDS for enhancing the adhesion to
the resist solution in the adhesion unit 31 is carried to the cooling unit
30 by t heanrmohingannit&0 for subjscting the ovafer W ta qooding treatment, aangresion e.
The wafer Wcooled to the predeternined tenperature is then carried to the
resist coanitriyl for enhancinglthe2adhesioncafthedrasistisalationaundsthesviafer ¥, aw
forma resist filmthereon. The wafer Wis_then carried to éﬂﬁipre;b i ng
unit 34 oexBmsien wndkAgofaramaking ithatwalar, Warerit thexeans pre-dakmeyns e

extension and cooljng unit 41. Subsequently, .the wafer Wi aken out ., of

t he ext en@ﬂ@rﬁ"gﬁ@(‘f{io&ri &@’“ﬂ&if’f s9 Veﬁl}qflh&l a§t i‘&\ﬁﬁf’é‘r P@@,{’%Qiﬁpg Hé‘ﬁtscgéfri ed
to the_ ali (not jllustrated) ,25.via_the rigpher QS ur. [ L..5 The
e er S ARG SRS B R TBiS g sttt pine Ok SR Y Fetlenecr on
unit 42 by t waf [{i : he main
carrier uﬁ?‘? ﬁ%.ar?ﬁéchgeé, 55 {: e?%‘gl%éf lélr %xﬁﬁ%@}ﬁp@ﬁﬂk%ﬁ?ﬂgﬁg%@? ?%?Ibos-ur e
baking unit 4.4 j it 43 £ C i fer
Wi's subj ect ed £ e d3uRE A ERP UM UY GAL FOReRAREE coblIfE i a0:m
devel opi ngnt t i ; n&4 _ el ofer W braitegdnt

w il be e%l%ﬁ%&gﬁ%ﬁn%tﬁpgﬁgﬁe V\B.]f Z(r)ﬂ-\%ﬁvnﬁag hasm]lij gg?goﬁﬂgxpret r eat ment
is first gpdreitan Bkeersion davedpi veolingainieds, ?oht-eipowret‘tbadngiunimMi er
unit 13 and suction-held on the spin chuck 60. Then, the devel oping

sol utign addmy eack Foe pépforhiinly balsingetreatnadriti affer expomiregprbceagsings pos8 at
the waiting position T noves to a start 10 position S (shown in FIG '5)
which i s bakinfe urfits 46paid 4hdontheilike are stanked; fonexemple, in eght HECISt ar t

position S, the devel oping solution supply nozzle 70 starts to discharge
t he devel fmimghediaitamorin emdércontinues trial discharge until its discharge

{75t step and eheraleBsasmensasapiongicd ot bRtk oL e SBedfos Sethoft e
ovz e 70 THs, B SAiRoQ i SrURIFEY b b8 BvabT i Be ofa st Wbk
o 208 e it ecSihrfond5 AES 48 4 iFkTRn e vaRERL ool
o 2P0V, BT BRI, 0758001 T R b BB o
: to get access to the extension and cooling unit 41 and the extension unit 42
included in the fourth treatment unit group G4, a periphery exposure unit 51,
and the aligner not illustrated to carry the wafer W to each of them.
20 Next, the structure of the aforesaid developing treatment unit 18 will
be explained in detail. As shown in FIGS. 4 and 5, a spin chuck 60 which is
a suction-holder for sucking and holding the wafer W is provided in a casing
18a of the developing treatment unit 18. A rotary. drive mechanism 61
having, for example, a motor or the like, for rotating the spin chuck 60 is

25 provided under the spin chuck 60. The operation of the rotary drive

mechanism 61 is rotatably controlled by a rotation controller 62, and the



supplied to the entire surface of the wafer W resulting in the formation
of a developing solution filmwith a predeterm ned thickness, for exanple,

appr oxi at el y 1 mm Incidentally, when the dianeter of the f hS 25
“approxi mately 200 nrn, the devel opi ng sol ution supply nozzl 2’%7785{9%\@8@ 1

sec. to 3 sec. to supply the developi&g solution as descri bed above. On
this 1 7 NOV 2f1 0~ 16 occasi on, thé e occurs a flow phenonenon which is
so-cal led fluid novenent of the devel opi ng solution in which the devel opi ng

sol uti on fhka¥sdrife InEEHALSHPO 1 dBReRIcHErddotd be abdy eoeotatelitheswafen Wiforke
devel opi ng sOl ution supply nozzle 70 (in a negative direction with respect

to the Mgledemrhingd tbmition itémei mnd ditr acpredetérminacherotatiopospedd to
the start position S. Sinultaneously with the aforesaid supply_ of the
devel opi ngtatddmacoeleoation reovetbprthevwsgfer . delke optary drivameshagisspiGl

nozzle 70, the wafer Wstarts to be devel oped, and devel oping Jis f or med
whi | e t heofitieespimchueki 68 alscahas adbpction of fseelyemevimg die pp¥Y @w@? gbiurﬂe,

for exanple, for 8 sec.. to as a_secqond predeterm ned pesriod of tine. .After
the afor gl dovavewbgrely itheswafen r‘iﬁ%gﬁ %lil\sweﬁoﬂomfé%égei%la%&&?’é%d (9
sec. to fl1 sec, .have passed since.,th art of ,the step of ,su i e
devel opi s 3 HYomeWngh %\é@éﬂ'%‘}&tﬁ P8y and cstJP‘BP Wﬁgn\/\&‘eeg&{#gs'waw
stirring step.f.or elimnating concentration difference which occurs due 15
to time .CACEAR/QUL i n the supply of the devel oping sol ution onto the wafer

Wis started. t hi i S0 fQr '

I’O![ ation tine, %r%@p %“@@L?{S §¥’b§f gfgéa%tg?gpmﬁngg)‘ﬁg?gﬁ%{%%gg%,

¢ i o . ,

1000° 1 pr QSR ESAHERT, of Mt 3pifh LA 16 A0S Giel peristiery OfThE

gg”t f}@' ! esfﬁiﬁoéh@& 60! §5tdte Gatelidre ddvelspitle’ sbhfort Aadrthiealikersoattered! | er.
: e v

ues of these paraneters are fixed at such values that the

devel opi ngosPthé iwafethW hwhicte hargetondesiddongheospin elpels 60 apdtrotated; n

exposure is fully stirred, and that the thickness of the devel oping |

sol uti on thiergby preventigg dhe tirtits théraarowid from\iding comaminatede ratdrainn
exceeds a predetern ned thickness. 25 Wen the rotation is startfd, ?g
shown i n Fipeé 63 dortdrainimgethepideyeloping i sodutiont and whe dikanseaftergdt frem thed
stirred, whereby the concentration of 1 7 N%M 200 17,5 the deve o?im

sol uti on wafér W and therlike ands an gxhanstepipg/ 64 Iangshansting AN AMQSPISI e

' Unihs 1 i iR RS:ATB asidak o dhe PRIOR BEEC el GRanbrshes BoviabO 13t M
5 rorenoen dhg Lol RSN ol IR RS
the vafer Wiy 8 HPREE WAERL W R1d th 8RE spinciiidl 608" Wash the rear face of
the wafer W. A drive mechanism not illustrated is provided in the cup 65,
whereby the cntife cup 65 can move up and down and evade downward so as
20 not to hinder the movement of a developing solution supply nozzle 70 which
will be described later. | |
| An outer cup 66 in a square form with its upper face open is provided
outside the cup 65 to surround the cup 65 and catches the developing solution
and the like from the wafer W and the developing solution supply nozzle 70
25 described later, which can not be caught by the aforesaid cup 65.

Incidentally, the outer cup 66 is provided with a drive mechanism not



10 15 20 condition. When such developing in stationary condition is

conpl eted, the step of developing the wafer Wis conpleted. Accordingly; in
this en%odinent, the step of supplying the devel oping solution and the step
“of developing in stationary condition imediately thereafter! plt0%t 84kt her
are perforned for 10 sec:, the rotatildag step thereafter is perforned for 2
sec., and the step of developing in stationary condition is perfornmed again
for 48 sec. Thus, putting all these steps together, the developing step:.is
per f or nedllistratét fecmoringthe bateyeatp 66 upand dowin,tarhwhenethet waferp¥sis i on
above the center of the wafer W the wafer Wstarts to be rotated at a

pr edet er mivashieds pferd example h¢heasitencign |66 movess upupp| caldeatothehscakterad W
fromthe washing nozzle 71 and the rear face washing nozzle 67 to wash the
waf er W washimigssalution arbthaulike moxgeempietelind t her eby t he washi ng
solution and the |i ke scattered fromthe waf W s caught by the cup 65.
Wien the suppl yinside ﬁ}ée\ﬁéémgld%@o)l%t F%W%%%Qp , the deysl mglﬁglué%n

&?:yj?tn?t ?éﬁa?i 5 erlefi@eage%‘%fqy%iwn&l o Q%iuﬁ%ﬁ SEpBihBoRel fonmeBliing @feeﬁf
gtoggler it _ _

i - oar raeveiaRme st fo S et BiEadPaificd’ BRRIRCIL K sbhhg G

i n 18 35 The . el

evel opi e NeshlecsOIRATRR i ERERIRER difeoaf Wntt aliRyidey SrfBotd

devel opi @dé&ﬂ%%ﬁﬁ%ﬂ’f%tﬂﬁﬁfﬁ&ﬁéﬂd so-cal |l ed fl ow phenonenon of

the devel opi'ng so ron“is*elrmnate resulting in realization of
uniformty of dFHS'd%%I@iﬁ?%%@uMbﬁ@h@&g?%o‘iﬂré 26 2a$ sRbwinhin PEGES, W hekhce,
devel oping after the rotiatfon of the er Wis performed uniformy, which

supprigsseip stk fraamhénytoobe hivpg frogt Aneirma7§i r (ihé apat7®isstwuthireditbebe
surface of the wafer W Actually, it is recognized by experinent by the

i nvent or , fre¢lyainovabd¢ onferdb7énwhichnexterids ia e directiona(a dizeeidon isboymQ =
18 nm(in a 250 nm Li ne.patterns,. but that by this nethod is 10 3 6 = 8 nm
whi ch i ndbydhesarrost M ie KiGit B) uinuthe wasing 18, sanshiitss seeving speed | ande
devel opi ng solution filmremaini n% on the wafer Wafter_the rotation has a
pr edet er nineying Himkag sse qordrolied by e anewsweat gordrollgr ¥4, 1001 G1OFeSaHd ch

e Ay T ootng SO s e A8 e ST SR 0 o1
Fur e o et Sa e ol ol RS BRI e R R
oo o 150654 AR s R SHESA: Bl Ol R,
20 501 Ut 8eoh 15 ISl SR RO AL LBk e mnegSor,

the waferqf the cdeyeBpis %lel@ﬁoﬁfé jonRLle Jorhhanthe waferaWawdeeethe

hi gher than that In rotation, “and when the wafer is rotated at a
speed of d&klopihg 96Iitish seagmsised.n nor mal
20 ‘Meéanwhile, the washing nozzle 71 which discharges the washing

solution, for example, pure water is supported by a rinse arm 80. This rinse
arm 80 is strucfured to be freely movable on the rail 76 by a drive mechanism
not illustrated. Accordingly, the washing nozzle 71 is movable in the M-
direction similarly to the developing solution supply nozzle 70. The
25 washing nozzle 71 is located to be able to supply the washing solution to the

center of the wafer W, for example, when the rinse arm 80 is positioned above



25 rotation, it is recormended that in reverse rotation, the wafer be
rotated at a speed higher than this speed, for exanple, at a speed of 250
rpm __J) 7 NOV 2f1 0~ 19 The aforesaid normal rotation and re¥dr8@& 20ati on
‘of the spin chuck 60 are controlled by the rotation controller 62.
Specifically, the rotation controller I's programmed to control the
rotary drive nmechanism 6l so that the Spin chuck 60 is stopped after being

normal ly yotated f a predetermned 5 period.of tinge and then, reversely
ot at ed B8 %prg%aﬁ{% 87 pW i ofinus, thenvaghing ssplution; srplied aRte HAE i n

L0 e DAL ook AT AR e B o
70 i ' . .

O e N e Ay

he SR SRR B A B L

o SUFp! R S ML APRG BBl e R ATEIEE bk gmeply e vl o W

supply nozzle mlé'éﬂé%kgﬁgghﬁol‘ﬂl‘ﬁ(ﬂ Qﬁpe\?/l $ekzeld 90, Wi Sifown "R F1G. 5 @it he

one end to the other en t he waf er n the aforesai d enbodi nent, this

step may RIG.p6y has amdeloncatybifyimoad hewtiols| and i@ keepigth [ods to lédw lagfear W
which is being rotated ile the devel oping solution supply nozzle 70 is

st opped. than|a disineterc afethef wafex 3Wpl eOnesesdafhai pipel 85 fist, allowingvheopi ng
sol ution supply nozzle 70 noves to a position above the center of the wafer
W and t heiﬁ:vgqupngesolurﬁmméoeﬂom drpmof udeweloping iselwthomn rsappliy fsaecemathe
waf er Wbﬁ di schargi ng the devel oping_.solution onto the wafer Wwhich is

H

Pl i RSB g el ot henmapl oy Wrirnstels fon

PR A g A O T e
coc”, andRed: sPlidon aap_ﬂbviﬂ%%lauéfaﬁypfemfﬁ oS e i
per f or m?%ga%@&%@t%&?k@ﬁhﬂ%é@se?@Jgtﬁloap?#ge ikgetﬁg %ﬁﬁﬁ?%@@&?bgge of

the waf e, Wddgi form resulting in the 5 fornmation of uniformline width on
t he waf er I'i kewi se with the aforesaid .

15 As shown in FIG. 7, a solution reservoir 87, which is long in the
longitudinal direction and communicates with the developing solution supply
ports 86, is formed inside the developing solution supply nozzle 70 -and
structured to temporarily store therein the developing solution flowing into
the developing solution supply nozzle 70 from the pipe 85 and to discharge |

20 the developing solution therefrom through the developing solution supply
ports 86 simultaneously at the same flow rate énd the same pressure.

As shown in FIG. 4 and FIG. 5, a washing bath 88 for washing the
developing solution supply nozzle 70 is provided at a waiting position T of
the developing solution supply nozzle 70 which is located outside the outer

25 cup66. The washing bath 88 is fbrmed to have a cross section in a recessed

form so as to catch the elongated developing solution supply nozzle 70, and



“enbodi ment. Moreover, the, devel oping solution supply nozzle 70 may supply
t he devel opi ng solution to the entire surface of the wafer Wby supplying
the devel oping solution to the wafer Wwhen being stopped oy ?an ggeabove
“the 10 wafer Wwhich is being rotated. In this case, for exanple, the wafer
Wis rotated at a high speed, for exf'i\rrpl e, at 1000 rpm and the devel opi ng
sol ution supply nozzle 70 noves over fhe wafer Wfrom the position S (shown
in FIG 5) outside the one end of the wafer Wto a position above the

center oftordwe there a\préddterrhined sohveri figr wWashitey ehepdeeloping solutiam t his
occasion, a thin filmof the devel oping solution is fornmed on the wafer W

The deveidipsnimyg $olthe devekopipgisolutiohsupply moezle 0a stop at a position
above the center of the wafer W and the rotation speed of the wafer Wis
reduced to, foThexcasmg 18208 prowidad| withne castier epenipg J0uthreraghswhich

di scharged. The devel opi,ng solution is 20 supplied gnto the wafer Wfor a
pr edet er tenwalfereW a8l carried ia/qut by ithe snainecarzicy tanaé@emiiansjmkt&ﬂr&l $ATfilm

with a predetern ned thickness, far nple, a, thickpess af nm i s.forned.
5 t hePRRINE/EPEIH NG RITHIRPLIPRE et i B Batemu Thbadi

?L:);e)lryltg t he evéloin soluio%is%:igml te I'im'@):jﬁ) . f sg{d
]tcanbodi meﬂ’t/‘?“ ’or?‘eegl&“gpé,%ldb?é:ﬁ%spﬁranéoimeglgafiab&&aénfgt @8?1%&1%?0%8&15%82{5 or ned
o aekpaisioa" g5, SRS el R, D vahe RS [hrbrebeRluARe, oo,

21 condi L4 i forped again for 48 sec. Thus, the devel opi ng treatnent
of the mgﬁngﬁs%rgqégﬁ%ﬁgt ed. The performance of such a process nakes

‘devel opi ng spergyf {Hy rae%forpih% featibnt hgetide whiEHN s eaffied aatt! i wBe i n
the formati on of uniformline dth on the wafer W |likewise with the

af or gpai dedelopid eFbatRiRnt unit B! sttestased hbelederibedpbiyesoiilltbooxphained
supplied again to the surface of the wafer Wfrom the developi ng sol ution

supply nodél a Eﬁoto‘litt}migaaphgg proeesa fparfovmed adndthe addatingo ppds deeclopingie
direction of the arrowin FIG 12 after the excessive devel opi ng sol ution
on the waketment systemoln 10 away by stirring, which further enhances the

uniformty of developing treatnent. In the respective devel in? %{e t ment
met hods i n t heFigshothenswaier deasgiarhédtakiesvene i untreatgds wades tWhioutt Gsure

11 S S AL A BIE B A,
Shous | nieREeaE Rl GV S bap Ao WHehaNstorig PHE f ereigh JFOERRE
or ovi decoSaibuts RS KO euBenBTY HE atedRfioss 5% FERTSReRi T e
ot at 1 onBaBkeR it Ay SRHled o BRFERITR: SR By S i e eSS0,
The rot abhncSHR" f | £'prédetetnih¥@ tefnpetafireon The ARRFEIPW atGbled to the

predetermined temperature is then Carri¢d to the resist coating unit 17 or 19
20 and coated with the resist solution to form a resist film thereon. The wafer
W is then carried to the pre-baking unit 34 or 35 to undergo baking treatment,

and thereafter carried to the extension and cooling unit 41.
Subsequently, the wafer W is taken out of the extension and cooling
unit 41 by the wafer carrier 50, and then carried to the aligner (not illustrated)

25 via the periphery exposure unit 51. The wafer W which has undergone

exposure processing is carried to the extension unit 42 by the wafer carrier 50



changi ng the setting of rotation tine based on the transm tted neasurenent,

for exanple, a function of storing tol erable values of the devel oping

sol ution filmthickness, then conparing ,a neasured filmthi tRnBds288kt h t he

‘tol erabl e 25 val ues, and anmending the setting of rotation tine only when

t he measured value is less than the tql.erabl e val ues. 1 7 NOV 2004 22

‘After the rotation of the wafer Wis opped, the thickness of the

devel oping solution filmis pmeasured, and the setting of rotation tipe is
ng

changed Hgbthesheldebyrdheunan oamias. unikds. t nbhensatiencthe wafar¥ trecanrisg
changed, (odhecafimosiie haling Suit 24 o 4 Bnd the ConligSinih AanerraNFIRa
pr cdet or NWAGEF 4 BAHECSUDY SURIGaTHEL KoRT P BTG L Herieth A Ui cagpied
Changi no erieANIRBERY cBarhef ARIE8 e 0n the meacurement, the
thi ck ft W RAR N L9 9f f

treat 8a next berdrbroSet QbR bRl LS At BAG?, S

the develgpy, wqﬁhms%'}]cge;égpte Jirretréﬂtrﬁéﬁﬁﬁsﬁﬁ%'c‘é.nti.@él nfohihekd@rsiopfiatsi Ng

i nappropri ate devel oping t Moreover, 1 n case of excessively thick

t hi cknessyredthteritohiait P8 by the il ecagtiapaadt 46 hhatsudton-held ohi tenepin

becomes thinner. 15 ~ Incidentally, although the rotation tine is changed
based on d¢theckré0s urEent thef develdping sedstionfsupply drrelofOnyhich tasdvedti | m
the rotation speed or the rotation acceleration of the wafer Wmay be
changed, waitimpdn thet evashing ddath 88 latothe eaitingapositioni Temovasato anstapeed,
rotation acceleration may be changed, or any two paranmeters out of these
nay Hé crposjtion Sdskkawrhin FbGe S)t whiclvinindde dhetoup 62 angowiside enerand
devel oping_time when the wafer Wis devel oped while remai ning stationary
after theok theawaber W st opped. The enbodi ments expl ai ned above concern the
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uniformy. nse e line w dt a circurt pattern formed on the
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position S outside the one end of the wafer W to an end position E outside the
other end thereof at a speed of 60 mm/s to 200 mm/s while discharging the-
20 developing solution, whereby the step of supplying the 'developing solution is
performed. On this occasion, as shown in FIG. 9, the'developing solution is
supplied to the entire surface of the wafer W, resulting in the formation of a
developing solution film with a predetermined thickness, for example,
approximately 1 mm. Incidentally, when the diameter of the wafer W is
25  approximately 200 mm, the developing solution supply nozzle 70 takes 1 sec.

to 3 sec. to supply the developing solution as described above. On this



“What.is clainmed is: A nethod of supplying a devel oping solution to a
surface of a substrate to perform devel oping treatnent for the substrate,
conpri _s)i ng: a first step of supplying the devel opi hg sol uti a7 trfbvtibﬁ&
"surface of the substrate while a devel oping sol ution supply nhozZl'e 1s
nmoving relative to the substrate; and g second step of devel oping the
substrate for a first predeterm ned period of tinme, said second step having
the step of devel oping the substrate in the stationary condition while
st oppi ng i bﬂfg& @cﬂm{a Hidheid seeehled fluitlimevefdent the
conpl eti(c));\&%fléighl ?f"?gﬁl?i?g%é t'he s%gﬁg?e&rmki ng a concentration of the
devel opi gy thel develbpifgt Beluaidistinatshichi tios nddweloping isodutioe flewed api ag
solution on the surface of the substrate after a second predetermn ned
period oflifettiBn vpposite sniteshaovémenstdipectiompeft dheredevslopinmtsaigtione
substrate; the step of thereafter further devel oping the 15 substrate in
st at i onagypplynwozaleVOin ®nsgatipe diradtiorswhtt respect to the Mhidireqtiaadethdtni ned
period of tinme, the step of washing the_substrate while rotating the
subst$ at &, an taedirectéon from thecersd position Eger thestart posiionthe step of
measuring a thickness of the devel opjng sgl uti?.}r; 0a{?ter said step

f

st - e cobenbpnaguabr e il gt i fatn cudbioe o
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whergbg faﬁ%ﬁ]e%ﬁrd G&EW@C&%W‘%@- at a s’peed hi gher than a rotation

spee e nor .
After the aforesaid developing in stationary condition for 8 sec. is

completed (9 sec. to 11 sec. have passed since the start of the step of

| supplying the developing solution to the wafer W), the rotation of the wafer

W as a stirring step for eliminating concentration difference which occurs due

15  to time difference in the supply of the developing solution onto the wafer W is

started. At this time, the wafer W is rotated for a predetermined rotation

time, for example, 2.0 sec., at a predetermined rotation speed, for example,

1000 Irpm, and at a predetermined acceleration, for example, 1000 rpm/s

which are set in a developing treatment program of a unit controller not

20 illustrated, under the control of the rotation controller 62. The values of

these parameters are fixed at such values that the déveloping solution which is

changed according to an exposure pattern in exposure is fully stirred, and that

the thickness of the developing solution film remaining on the surface of the
wafer W after the rotation exceeds a predetermined thickness.

25 When the rotation is started, as shown in FIG. 10, the developing

solution on the wafer W is cast off and stirred, whereby the concentration of



‘as set forth in claim1, wherein the devel oping solution s

4. A nethod as set forth in claiml, wherein the substrate is rotated so
that a thickness of the devel oping solution after said step of stirring the
developﬂng solution is not less than a predeterm ned thiCkﬂefﬁOVEﬁn¥A met hod

ppl'y nozzle
supplies the devel oping solution to the substrate while nmoving from one end
to another end of the substrate in said first step. 6. A nethod as set

forth in claim1, 15 wherein the devel oping solution supply ngzzl ¢_supplies
the develtbpideyeloping selution mdthinpther sudaesof dhgowafer W asraade amafqr.
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after the stirrTRgeaF@R; the WwABEIWOR 88y eﬁoééeﬂa’ﬁcfi‘i A8 | secWMie Is@h tloh 448y

devel opi ng solution Is supplied to the subStrat e the devel opi ng

sol uti on cgHAItivnNOZRihen Suct @enalbplhgw@ §fagionuby iconidetian ds doenpleted f diee i s
rotated in said first step. 10. A'nethod as set forth in claim9, further

conpri si gep hefsdepeldping uplpd yivaget hW diss ecamphatedol uAicrordipgly, tin tthis
substrate after said stirring step 1 o while the devel opi ng sol ution supply
nozzl e i sembodhndnabﬂmesttepeog sopplying tel developing tsalutionsandtthe sdeprofa
direction opposite to the above rotation in said first step. 11. A nethod
as sé0 f glevelpping annstationast slonditien denmeshiatedy doeteaftar pyt Jogpthesdary t he
substrat epe: cinliﬁecti r%gr(i Véaéc(?,ptihnegrotatihg step thereafter is performed for 2 sec., and |
the step of developing in stationary condition is performed again fqr 48 sec.
Thus, putting all these steps together, the developing step is performed for 60
sec.
15 After the washing nozzle 71 then moves to a position above the center
of the wafer W, the wafer W starts to be rotated at a predetermined speed, and
the washing solution is supplied to the wafer W from the washing nozzle 71
and the rear face washing nozzle 67 to wash the wafer W. At this time, the
cup 65 moves up, and thereby the washing solution and the like scattered
20 from the wafer W is caught by the cup 65.

When the supply of the washing solution is stopped, the .wafer W is
rotated at a higher speed and dried. After the completion of this step of
drying the wafer W, the developing treatment of the wafer W is completed,
and the wafer W is carried out of the developing treatment unit 18 by the

25 main carrier unit 13. |

In the aforesaid embodiment, the developing solution is stirred by



"sol ution supply nozzle is stopped or noving above the substrate with the
substrate being ~ 5 rotated in said first step. 12. A nethod as set forth
in claih 11, further conprising the step of: supplying the 9e ﬁ* ‘ng
"solution again to the substrate after said stirring step mﬁ'lé %@

devel opi ng sol ution supply nozzle is;gtopped or noving above the substrate
with the substrate being rotated in a direction opposite to the above
rotation in said first 20 step. 13. A unit for perform ng devel opi ng

treat mentoth@ho aheURSIfEATW BiiringPMeistep dfdésedlopimg thel wafemW,owheseby ace
of the substr%te whi l e nmoving a devel opi ng sol ution supply nozzle relative

to the syRehifahmityc @fpebategtradonobdr thedrdevelopimge solwtiomatatised bydthe
rotating the subsfrate; and 27 1 7 NOV ZfI O~ a rotation control | er for
nor nal | yafmdsaidvser-sallgd flowtphenarhenonodrthe diavedopinghsalutionds elimainalghl v of
the devel opi ng sol ution, a neasuring device for neasuring a thicknegss of a
filmof resaltiegdhaealigationuef oniforppty &f develapingspeed Withimides Spdace: ¢;

and s a controller for controllin% at | east Ehrotatl_on t'g{s or % rWation
speed of of Hbeswader We BieRee,ode ¥CloPRE rafein (D ol s the YRIGEV IS 14,

fohJ? %L%n?%a%&dﬁfﬁi%&mﬁ& i umresyes ougd b o3 B R L7
éeggfgég Ratedtov i, 1R s 2 e SRR O on Thele 168" rERORYREI oy
reasur enbROCR it i pic. 8 e i SRECTY RRAFGRLT S, St enfional i ng

sol ut | 0ol BaSH" 3OS 98 SR 250 oh LIRSPALINE Gt by ieaierod if or

the subs “conpri sing: irst step of “supplying the devel opi ng
sol “#O onstp ENenstinBRkS Bidithshaslinetwidhi dreusifomttydpisnppsedsedi on suppl y

nozzlie is nmoving relative to the substrate; and a second step of devel opi ng

the substrate Foftherf iestlepelping soluton fiim aenmmdintrigren thai wafecWhafterep
having the step of .devel oping the substrate in the stationary 20 condition

whi | e st dppirottidiehasites predetefmined shinkmespr tastisr mi thackpess ofl 8ofu M i

after the conpletion of said first step, the step of rmgllirﬁ% 8 ,canqientrati on
of the dd08l gpimgwhichitprevents the daveiepiagesohitias Arem Being, ARgd: AWrng

devel opi ng sol ution_on the surface of th?t substrate e?.fter t Qe aecqu
pr edet er sllpeeedingi odevgloping, Werlmenty aiter nelieaf rRaUORy ¢ ABF (BGLY BFﬂg t he
substrate in statignary condition while stopping the substrate for a third
1 7 Nov zm@pm@p&aé@lé'term ned period of tinme, the step of washing the

substrate whi| Furthetmor ',t e stirring step in the aforesaid embodiment is

performed by rotating the wafer in one direction (normal rotation), but after
this rotation, stirring may be further performed by rotating the wafer in an
opposite direction (reverse rotation). The concentration of the developing
20  solution on the wafer is made more uniform by the aforesaid normal rotation
and reverse rotation.
It is preferable that the rotation speed of the wafer in reverse rotation
after normal rotation be set at a speed higher than that in normal rotation, and
" when the wafer is rotated at a speed of 100 rpm for two seconds in normal
25 rotation, it is recommended that in reverse rotation, the wafer be rotated at a

speed higher than this speed, for example, at a speed of 250 rpm.



substrate after the third predeterm ned period of tinme, said second
predeterm ned period of tinme being a period of tine fromthe supply of
devel opi)ng solution to 50%to 80% progress of the chem calq eyt goop of
‘devel oping. 16. A nethod as set forth in claim 15, wherein the nozzle noves
parallel to the substrate in one directjpn in said first step. 10 . Al . AF
A Al.AYL. A3. AF. AF. AYL. Al . Al . Al . A
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20 In this case, for example, as shown in FIG. 12, the developing solution

supply nozzle 70 moves to a position above the center of the wafer W and

then supplies the developing solution to the entire surface of the wafer W by
discharging the developing solution onto the wafer W which is being rotated

at a predetermined rotation speed, for example, at 30 rpm. Thereafter,

25 similarly to the aforesaid embodiment, for example, developing in stationary

condition is performed for 9 sec., the step of rotating the wafer W (stirring
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embodiment.

Moreover, the developing solution supply nozzle 70 may supply the
developing solution to the entire surface of the wafer W by supplying the
developing solution to the wafer W when being stopped or moving above the

10  wafer W which is being rotated.
| In this case, for example, the wafer W is rotated at a high speed, for
example, at 1000 rpm, and the developing solution supply nozzle 70 moves
over the wafer W from the position S (shown in FIG. 5) outside the one end
of the wafer W to a position above the center of the wafer W while
15 discharging the developing solution. On this occasion, a thin film of the
developing solution is formed on the wafer W. The developing solution
supply nozzle 70 comes to a stop at a position above the center of the wafer W,
and the rotation speed of the wafer W is reduced to, for example, 100 pm
while the developing solution is discharged. The developing solution is
20 supplied onto the wafer W for a predetermined period of time in this state,
and a developing solution film With a predetermined thickness, for example, a
thickness of 1 mm is formed. After the discharge of the developing solution
is stopped and the step of supplying the developing solution is compléted,
similarly to the aforesaid embodiment, for example, developing in stationary
25 condition is performed for 5 sec., then the step of rotating the wafer W

(stirring step) is performed for 2.0 sec., and finally developing in stationary



109&' ()-3 109%& () - 3#) T)))>*l**dEbC 10 19%40%&' ()-$"10%&' ()- Y "QHA0%& () -
"109&' ()- 109 ()- Y109%&' ()- G**F+a+++, dEbC 10 12" 10%& (3 4 1109%&' () - 0-@
| @t 109%&' ()- F+109%& ()-)"10%& ()-'10%&' ()- ,C

' cC1

1Y10%r& () - 10%& ()-#F10%& ()- 10 10 10610%& () - 33410%& t)7 NOV. 2ﬂ95f---dEbc
10 1Fy10%r& ()-3 SY10%r& ()-3F10%r& (-3 Y10%r&' () - 3Y10%r&' () -

| 10%r& ()- -.J....5/dEbC 10 1s 10%m& ()-33 mLO%&' ()- F10%8&' () -

94.0%r& () - 3&10%& ()- 3 nll0%r& ()-35/{///0\00dELC 10 1F

100 (ST St S e T, BB etment of
the wafer W is completed. The performance of such a process makes
developing speed within the surface of the wafer W uniform, resultiﬁg in the
formation of uniform line width on the wafer W, likewise with the aforesaid

5. ernbod1ment

In all cases, the developing solution may be supplied again to the
surface of the wafer W from the developing solution supply nozzle 70 by
rotating the wafer W in a direction opposite to the direction of the arrow in
FIG. 12 after the excessive developing solution on the wafer W is thrown

10 away by stirring, which further enhances the uniformity of developing
treatment.

In the respective developing treatment methods in the embodiments
described above, it is also suitable to measure the thickness of the developing
solution film after the step of stirring the developing solution and change the

15 rotation time of the wafer W in the stirring step based on the measurement, in
which case, for example, as shown in FIG. 13, a device capable of measuring
the thickness of the developing solution film, for example, a laser
displacement gauge 95 is provided above the spin chuck 60 in the developing
treatment unit 18. A value measured by this laser displacement gauge 95 is

20 transmitted to the rotation controller 62 for controlling tﬁe rotation of the spin
chuck 60. The rotation controller 62 is given a fﬁnction of appropriately
changing the setting of rotation time based on the transmitted measurement,
for example, a function of storihg tolerable values of the developing solution
film thickness, then comparing a measured film thickness with the tolerable

25 values, and amending the setting of rotation time only when the measured

value is less than the tolerable values.
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developing solution is not more than 5 4 m, for example, the rotation time is

5 cpanged, for example, from 2.0 sec. to 1.5 sec., and such an amend that.the

thickness of the developing solution film comes to exceed a predetermined

thickness by a reduction' in rotation time is given. By measuring the

thickness of the developing solution film after rotation and changing the

setting of rotation time based on the measurement, the thickness of the

10 solution film 'afteIr rotation of the wafer W to be treated next becomes
appropriate, which prevents such a harmful effect that the developing solution
dries due to an excessively thin thickness, causing inappropriate developing
thereafter. Moreover, in case of excessively thick thickneés, the rotation
time may be changed so that the film thickness becomes thinner.

15 Incidentally, although the rotation time is changed based on the
measurement of the thickness of the developing .solution film, the rotation
speed or the rotatién acceleration of the wafer W may be changed, instead.
Alternatively, all of the rotation time, rotation speed, rotation acceleration
may be changed, or any two parameters out of these may be changed.

20 Furthermore, the rotation controller 62 may control developing time
when the wafer W is developed while'remaining stationary after the rotation
is stopped. |

The embodiments explained above concern the developing treatment
method for the wafer W in photolithography of the process of fabricating a

25 semiconductor wafer device, but the present invention can be applied to a

developing treatment method for substrates other than a semiconductor wafer,
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5 substrate and the developing speed within the surface of the substrate
jdentical, whereby developing thereafter can be performed unifofmly.
Consequently, the line width of a circuit pattern formed on the substrate has a

predetermined width, leading to a rise in yield.
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while a developing solution supply nozzle is moving relative to the substrate; and
a second step of developing the substrate for a first predetermined period of
time,
said second step having the step of developing the substrate in the stationary
10 condition while stopping the substrate for a second predetermined period of time after
the completion of said first step, the step of making a concentration of the developing
solution on the substrate uniform by stirring the developing solution on the surface of
the substrate after a second predetermined period of time, wherein said stirring step is
performed by rotating the substrate; the step of thereafter further developing the
15  substrate in stationary condition while stopping the substrate for a third predetermined
period of time, the step of washing the substrate while rotating the substrate after the
third predetermined period of time, the step of measuring a thickness of the developing
solution after said step of stirring the developing solution; and
the step of changing at least one of a rotation time of the substrate based on the
20  thickness measurement, a rotation speed of the substrate based on the thickness
measurement, and a rotation acceleration of the substrate based on the thickness
measurement.

2. A method as set forth in claim 1,
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in the normal rotation.
4, A method as set forth in claim 1,

wherein the substrate is rotated so that a thickness of the developing solution
after said step of stirring the developing solution is not less than a predetermined
thickness.
5. A method as set forth in claim 1,

wherein the developing solution supply nozzle supplies the developing solution
to the substrate while moving from one end to another end of the substrate in said first
step.
6. A method as set forth in claim 1,

wherein the developing solution supply nozzle supplies the developing solution
to the substrate while moving from one end to another end of the substrate in said first
step.
7. A method as set forth in claim 5, further comprising the step of:

supplying the developing solution again to the surface of the substrate while
moving the developing solution supply nozzle from the other end to the one end of the
substrate after said stirring step.

8. A method as set forth in claim 6, further comprising the step of:
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9. A method as set forth claim 1,

5 wherein the developing solution is supplied to the substrate while the developing
solution supply nozzle is stopped above the substrate and the substrate is rotated in said
first step.

10. A method as set forth in claim 9, further comprising the step of:
supplying the developing solution again to the substrate after said stirring step
10 while the developing solution supply nozzle is stopped above the substrate and the
substrate is rotated in a direction opposite to the above rotation in said first step.
11. A method as set forth in claim 1,
wherein the developing solution is supplied to the substrate while the developing
solution supply nozzle is stopped or moving above the substrate with the substrate being
5 rotated in said first step.
12. A method as set forth in claim 11, further comprising the step of:
supplying the developing solution again to the substrate after said stirring step
while the developing solution supply nozzle is stopped or moving above the substrate
with the substrate being rotated in a direction opposite to the above rotation in said first
20  step.
13. A unit for performing developing treatment for a substrate by supplying a
developing solution to a surface of the substrate while moving a developing solution

supply nozzle relative to the substrate, comprising:

a rotary drive member for holding and rotating the substrate; and
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5 a controller for controlling at least a rotation time or a rotation speed of the
substrate based on a measurement by the measuring device.
14. The unit as set forth in claim 13, further comprising:
a measuring device for measuring a thickness of a film of the developing
solution supplied to the surface of the substrate; and
10 a controller for controlling a developing time when the substrate is developed
while the rotary drive member is stopped after the rotation of the substrate based on a
measurement by the measuring device.
15. A method of supplying a developing solution to a surface of a substrate to
perform developing treatment for the substrate, comprising:
15 a first step of supplying the developing solution to the surface of the substrate
while a developing solution supply nozzle is moving relative to the substrate; and
a second step of developing the substrate for a first predetermined period of
time,
said second step having the step of developing the substrate in the stationary
20 condition while stopping the substrate for a second predetermined period of time after
the completion of said first step, the step of making a concentration of the developing
solution on the substrate uniform by stirring the developing solution on the surface of

the substrate after the second predetermined period of time, the step of thereafter further

developing the substrate in stationary condition while stopping the substrate for a third
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wherein the nozzle moves parallel to the substrate in one direction in said first

step.
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