;e3e","6T"[j WB 0 SEP 2004 SUBSTRATE PROCESSI NG APPARATUS AND SUBSTRATE
PROCESSIN? MVETHOD Backgr oun f the Invention 5 1. Field of the Invention
The present invent Mm‘m m 0 a substrate processing apparatdu8 SERd2004
substrate processi r exanple, for coating a sem conductor
wafer, a substrate for+anetCD, or the [ike with a processing 10 sol ution
such as a resist. 2. Description of the™ Rellated Art In a phot ol i t hogr aphy
process of the process of fabricating a sem conductor device, for exanple,
resi st coating processing of formng a resist filmon the 15 surface of a
semi conduct or WaBs TRAGES PRUCESS INGf AIPPARAITYSAAND~ SUBSARATE PROCESSING
devel opi ng processing for the resist-coated wafer are perfornmed with
exposure processing therebetween. If notMEBHOB taken of the resist coating
20 processing, a spin coating nethod or the like is frequently used as a
met hod for uniformy coating the surface of the wafer with a resist
sol ution. Resist coating by neans of this spin coating nethod is perforned
as follows: the wafer is rotatBag adh @ifnghe S EROS
chuck; the resist solution is dropped and supplied to the surface of the
wafer fromdirettly Bp8id PﬁetBQnEEVeBFlPHe rotation; and the 3 0 SEP
2(b~ - 2 resist soluhlon IS SE éad over the_entire surface fromthe center

c

of the wafer by cent FPPuBEFSEB “VFﬁtéoPe§F§?t€5aFPn© Spharsats of this
t t he thick f t b trolled by th

Shed 5 of the BEprethify TRRAEFUS ARGl 5 SubThrafe; Rtoeketifn Rofhedon
Pt on by corkof Pekahpl6) THGR MRS ORG24 Etn; LOngREERE! NACLDE L3 o

solution by centrifugal tofce whilTe To omevér t he resi st

sol ution which ishserged (orthg Q@beropefh@hﬂxe%tﬂea1&&9@&@&15&”0'8 to
cure fromthe outer periphery since the

10 solution such as a resist.

2. Description of the Related Art
In a photolithography process of the process of
fabricating a semiconductor device, for example, resist
coating processing of forming a resist film on the
15 surface of a semiconductor wafer (hereinafter referred
to as ” a wafer” ) and developing processing for the
resist-coated wafer are performed with exposure
processing therebetween.
If notice is taken of the resist coating
20 processing, a spin coating method or the like is
frequently used as a method for uniformly coating the
surface of the wafer with a resist solution. Resist
coating by means of this spin coating method is
performed as follows: the wafer is rotated while being
25 vacuum-sucked by a spin chuck; the resist solution is
dropped and supplied to the surface of the wafer from

directly above the center of the rotation; and the

L
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vaporization of a solvent is faster conpared with the resist solution at
the center of the wafer. Therefore, there is a problemthat a resist film
with an ununiformthickness is formed within the wafer surfaceg gl§ep 2004
Especially when a thin resist filmis required, such a problemis
noteworthy. Summary of the Invention In a first aspect of the present
invention, there is provided a substrate Processing apparatus, 20
conprising: a holder, configured to rotatably hold a substrate and having a
hol di ng surface which holds the substrate, the holding surface having at
| east an equal TSFLRE aROH el YhbLT r eSS N ?ee]f)tbjsg?i%ﬂléga?% gﬁ%‘ﬂl y a
resi st solution onto the sgbstrate hel d b the,P 0O SEP 200 - 3 a
t

| der 3
plurality of Hef FFERSHE vater L% él?W?’éJe &%@f(r)%?;r?‘ﬁt o wWhi2h the

hol di ng surface is divided al nost concen%ricalI%%$r0n1alnnst n exac%
rotati on cent efe3SarCdUt BRI pRPPIRRT VS oL t et S i ngPSur FAZERC AR
controller for indiyidua!l% controllin tf gratures of the respective
heaters, wher et reHfESttoht+B Far Bt eeRsra g? PY etRF BOFRFHPERPRRRRss of a
resist filmformed on the 10 sub trgte and conirols,ahtenperature so_t hat
the tenperat ur®f i EhYedpeaseiuichefBatee) 1 i | NPRr EknBsEh| 30| ARGESART the
tenperature is increased where the filmthickness_ is smaJ]l. In a sgcond
aspect of the FPEakheni AReadi of, thiBper 15e8Lshr bt Hed®n SEpePFaired:

processi ng nmethod, conprising: (a hold[ng a substrate on a hal ding surface
In spreading the resist solution by centrifugal

force while rotating the wafer, however, the resist
solution which is spread to the outer periphery of the

10 wafer tends to cure from the outer periphery since the
vaporization of a solvent is faster compared with the
regist solution at the center of the wafer. Therefore,
there is a problem that a resist film with an ununiform
thickness is formed within the wafer surface.

15 Especially when a thin resist film is required, such a
problem is noteworthy.

Summary of the Invention

In a first aspect of the present invention, there

is provided a substrate processing apparatus,
20 comprising:

a holder, configured to rotatably hold a
substrate and having a holding surface which holds
the substrate, the holding surface having at least
an equal size as the substrate;

25 a nozzle positioned to supply a resist

solution onto the substrate held by the holder;



having at | east an equal size as the substrate; (b) supplying a resist

sol ut'ion on the substrate held in step (a) ; 20 (c) detecting a profile of
a filmthickness of a resist filmfornmed on the substrate; ang ¢ dfp 2004
controlling a tenperature of the holding surface separately according to at
| east three regions of the holding surface so that the tenperature is 25
decreased where the filmthickness is Tarde and the 30SEP 204 - 4t o
5b tenperature is increased where the filmthickness is snall. The

advant ages of the present ingvention will beco appar.ent upon,readi ng the
fol | owing 5 specifi caat?gﬁrﬁﬁréﬁx nhFﬁItF&ﬁ ﬁ??gge\ﬂi & tHe L€BSfpanyi ng
drawi ngs. Brief Description of the Drawings FIG_. 1 is a plan view of a
resi st coati ngclrgeddesispgrPglieyet el okBenfoleliatd erBEdR@antinf the 10
present invention; FIG 2 is a front view of the resist coating and

devel opi ng sysdEwidedFlaGmdst FbGncertsr acatay fireem cdlmbetr esi ssxaoft i ng
and devel oping systemin FIG 1; 15 FIG 4 is a perspective view of a

transfer devi Geotatrlibe rashsérceadt iFy Angedeperdpnergystemmshown in FIG
1l; FIG 5 is a sectional view showing the entire structure of a resi st

coating unit Q&SP&?E@ﬂsﬁEEEQSeZOaEEPOdi”E”t of the present invention; FIG
h

6 is a plan view 0 e res!st’coatlng uni t 30 SEP 214 - 6 shown in

FIG 5 FIG 7 i hermat | i ew_of, i n,chuck shown.in FIG 5 and
FIG 6 FIG 8 s a3cheRkrcd Wbt FoRar i Bathe Sarrotiing i

temperatures of the respective heaters,
wherein the controller detects a profile of a
film thickness of a resist film formed on the
10 substrate and controls a temperature so that the
temperature is decreased where the film thickness
is large and the temperature is increased where the
film thickness is small.
In a second aspect of the present invention, there
15 is provided a substrate processing method, comprising:
(a) holding a substrate on a hoiding surface
having at least an equal size as the substrate;
(b) supplying a resist solution on the substrate
held in step (a);
20 (c) detecting a profile of a film thickness of a
resist f£ilm formed on the substrate; and
(d) controlling a temperature of the holding
surface separately according to at least three regions
of the holding surface so that the temperature is

25 decreased where the film thickness is large and the



- 5 chuck shown in FIG 7; FIG 9 is a diagram show ng an exanple of a
tenperature distribution of the spin chuck shown in FIG 7 and Fg%EP%H G
10 is a diagram show ng anot her exanple of 10 the spin chuck; EI 11 1s a
di agram for explaining another enbodinent; FIG 12 is a sectional view
showi ng the entire structure of a devel opi ng processing unit to which the
15 present invention is applied; FIG 13-is 4@atplsasn vi ew of the devel opi ng
processing unit shown in FIG 12; and FIG 14 is a diagram show ng an
exanpl e of a tenperature distribution of a spin chuck in the 20 devel opi ng
processi ng unit ng%mrahur:e@swnaﬁaase@ wherepehai FédmDebickpesonief the
Pref erred Enbodi mnent Enbodi nents in which the present invention is applied
to a resist coatFAdland devel opi ng system for coating a seniconductor wafer
with a resist solution to 25 and devel ops the resist wll be expl ained
bel ow wi th reference TBet REVaR&AIRGsOLIFEGe Prieseatpiamenténnofvialr esi st
coating and 30SEP2~~ _ ~ _ devel opi ng system according to this
embodi nent, FI GPecome aaPpaRenti spodf repdirgsthe €oalowgnand devel opi ng
systemshown in FIG /1, and FIG 3 is a rear view of the resist coating and
devel opi n@ syst efRRbIRCRRIEN@/hen1takignshawaoniureGlon, wihhsthesi st
coating and devel oping system 1 has a structure in which a cassette station
10, a processi nPSEAMPBAYINY ARAWARIPAterface unit 12 are integrally
connected. In the cassette 10 station 10, a plurality of, for exanple, 25
waf ers Wper cassette C, asBalgd Desgrdptismsfodr tde Dremitgst he out si de
into/fromthe resist coating and devel opi ng system 1, and noreover the
wafer Wis carried i nfF6foul 6f &helaasgéeveol. al neshetproekssigngnst ati on
11, 15 various kinds_of processing units which perform predeterm ned
processing for tHRVeEIRIRY\VWHHEeByaoreriing toathngnbnadident! ofi higepr ocess
and are stacked in nmultiple tiers at predeterm ned positions. In the
interfacd®nit MDresert wareenWoR/ del i vered fromto an

FIG. 2 is a front view of the resist coating and
developing system in FIG. 1;

FIG. 3 is a rear view of the resist coating and
developing system in FIG. 1;

15 FIG. 4 is a perspective view of a transfer device

in the resist coating and developing system shown in
FIG. 1;

FIG. 5 is a sectional view showing the entire
structure of a resist coating unit according to the

20 embodiment of the present invention;

FIG. 6 1s a plan view of the resist coating unit



20 aligner provided adjacent to the resist coating and devel opi ng system 1.
ln the cassette station 10, a plurality of, for exanple, four cassettes C
are nmounted in a line in an X-direction (in a top-to-bottom dir&dk 5ch 2004
FIG 1) at 25 the positions of positioning projections 20a on a cassette
nmounting table 20 with respective transfer ports for the wafer Wfacing the
processing station 11 30 SEP 2('04 ~g f side. A wafer transfer device
21 novable in the direction of arrangenent of the cassettes C (the
Xdirection) and in the direction of arrangenent of the wafers Whoused in
the cassette C §howndineptgons;i.e., 5 vertical direction) can freely nove
along a transfer path 2la and sel ectively get access to each of the
cassettes c. The waf BIGLrandbea detiematid plant viewuo€dat ephf &nhakable in
a 8 -direction so as to get access to an 10 alignment unit (ALIM and an
extension unit $EOW) incFl@ed5i andnFI6.s6aked in nmultiple tiers of a third
processing unit group G3 on the processing station 11 side as will be
described later. In FRE€-pPoéssai Aghsmatiensectianaihvinmvi afFtle spins a
vertical -transfer tﬁpe transfer _device 22 is disposed at the center
thereof, and arOthektRROVRa#Rf BEGeedi ce 22, various processing units are

stacked in multiple {iers.to congose one or a plurality of processing unit
groups. In this resingCogt?ﬁgaa &aEEQEI8BPW@n§y§Peﬁ¥i¥PQS PEv@ processing

unit groups Gl, =13 an_be_dj sposed. The first and s nd
processi ng unittéﬁ%ﬁg%tﬁﬁéaﬂgsgﬁggyglﬂpS%Bstﬁgoﬁp%ﬂecgpﬁatSE?HE 4R ?i&s
system The thi4d %&o§ﬁésigg unit group G3 is disposed adjacent to the
cassette station i } e’ folirth 25 processing unit group G4 is disposed

adj acent to the integggcepgni 24 [ cessi ugi upeGd shown
by a broken line canF%g d%gp%éeé gﬁlpﬁgﬁrég§w§§865ﬁétgga %Eémgig~8f 9 _ The
transferyglevi cetke spinteneéried to be freely rotatable in the B-direction
and novable in the Zdirection so as to be able to receive and send the
wafer Wfromto the Fespetli ¥s arddagsamgfopi explaihfinghanbthet processing
unit group Gl, as shown in

embodiment;

FIG. 12 is a sectional view showing the entire
structure of a developing processing unit to which the
15 present invention is applied;
FIG. 13 is a plan view of the developing
processing unit shown in FIG. 12; and
FIG. 14 is a diagram showing an example of a
temperature distribution of a spin chuck in the
20 developing processing unit shown in FIG. 12 and FIG. 13.

Detailed Description of the Preferred Embodiment

Embodiments in which the present invention is
applied to a resist coating and developing system for
coating a semiconductor wafer with a resist solution to

25 and develops the resist will be explained below with -
reference to the drawings.

FIG. 1 is a plan view of a resist coating and



FIG 2, two spinner-type processing units each of which perforns

predet erm ned processing while the wafer Wis nmounted on a spin chuck
within a cup CP, for exanple, a resist coating unit (COT) 61 ang (aSEP 2004
devel opi ng 10 processing unit (DEV) 60 are stacked in two tiers fromthe
bottomin order. Simlarly to the first processing unit group Gl, in the
second processing unit group &, two sanngr-type processing units, for
exanple, a resist coating unit (COI) 63 and a devel opi ng 15 processing unit
(DEV) 62 are stacked in two tiers fromthe bottomin order. In the third
processing uni tdgveuep g 8§st8AVEctOriify 8o OMES- EXNPEIPMEALSSFRE. Ui ts
each of which perforns predeterm ned processing while the wafer Wis 20
nmounted on a noistangroabl eiéwodfi thestesiet)cobeingxanal geval6pehyng
processing unit (COL) which perfornms cooling processing, an adhesion
processi ng uni tsy#Emwbhohnpeénf PIGs 3p-and| rOGhy8r dphabreapr ocewsong f or
enhanci ng adhesion of a resist, an alignnent unit 25 (ALIM which aligns
the wafer W anthgtresish coatig@d@nd develppibngssysgemnshewhPREBAKE) each
of which perfornms pre-bake, and heat processing units (POBAKE) 30SEP2004
- 10 each of which perforns post-bake are stacked in eight tiers fromthe
bottomin order. Simlarly, in the fourth processing unit group 4,
‘oven-type processi ng?8nPheWBadR BiGwhichtPéff ERAESE pPagandr Anfed
processing while the wafer Wjs upted on _a npunting table, for exanple, a
cool i ng process&ﬁ e ﬂ?%n?cfiﬁkﬁﬂrghgﬁﬁr?O?FE“EBBF?nb pWE&EQsPnS?SﬁﬁtEE

h : q . . 1 L ch fort Ui
rocessi ng al sor Ak R P LIE b ERRERh ng S5tstiin ThincaRinaBr SBLEEFRES Ui
AD), heat i LS. [ ke, d
gea% prggesg{ggﬁﬁﬁFsz?%%%;ﬁé§£§§%¥¥%fgéﬁﬁgﬁéﬁé?}gghgﬂg%g%gﬁa éggfeestggked
in eightjgiers s£9p1bRC1H0t 0P hPaPieP o 15£48 éﬁg%gléﬁ'fhcha%erﬁhﬁ

interface unit 12 is set at the sanme Size as the cessing station 11 in a

depth directionpétheassdttect|oay, abuhit) areémerhrsrerzedt pasmybattha a
width direction. As showmn in FIG 1 and FIG 2, a transportable pickup .
cassette CR andoat2déi ketief fpembthéeresastetbdat Bigasandstiackddpingtwo tiers
at the front of the interface unit 12, and a peripheral edge aligner 24 is
di sposed at thesystem I, wahdrmoreovérrthevwatel5Wi sspcavirided anhtoheutent er
of the interface unit 12. The wafer transfer 25 device 25 nobves in the
X-direction andefhehe-easeettenC(vdm ithe priowasiong statiomblle to get

access to both the, casseftes CR and HR ,and the peripheral edge
15 various kinds of processing units which perform

predetermined processing for the wafers W one by one in
a coating and developing process and are stacked in
multiple tiers at predetermined positions. In the
interface unit 12, the wafer W is delivered from/to an

20 aligner provided adjacent to the resist coating and
developing system 1.

In the cassette station 10, a plurality of, for
example, four cassettes C are mounted in a line in an
X-direction (in a top-to-bottom direction in FIG. 1) at

25 the positions of positioning projections 20a on a
cassette mounting table 20 with respective transfer

ports for the wafer W facing the processing station 11



30SEP2004 - 11 aligner 24. The wafer transfer device 25 is also structured
to be rotatable in the 8 -direction to be able to get access to F%ﬁp
exten3|oH unit (EXT) included in the fourth processing unit gro cﬁpﬁhe
5 processing station 11 side and a wafer delivery table (not illustrated)
on the adjoining aligner side. FIG 4 is a _perspective view show ng the

ext ernal appearance of the transfer devtce82.~This transfer device 22 is
provided with a wafer carrier 30 which is 10 ascendabl e and descendabl e
vertically (in the Z direction) inside a cylindrical supporter 27 conposed

of a pair of wadige?25 mneh s WYdls i dnnactad fovAae 19f hgle at their
upper ends and | ower ends and face each other. The cylindrical supporter 27

i's connected 15diveatiohadf ngrsangément sofothe Sdssébeles ot aterle axound the
rotating shaft integrally with the wafer carrier 30 by rotational driving
force of the nodbredtiiomheard oir, théediméeticarof earBngeméneecdf tioéat abl e
in the 9direction. For exanple, three tweezers are provided on 20 a
transfer base. 40a%ers Wshopsed tarthercassetThese (arzediveectiosn, 41,e42, and
43 each have a shape and_a size capabl e of passing through a side opening
44 betweeéh bot hV&H gl%h%l%%h@n)zescw @ﬁ%egmmﬂwwmn@u@pwwaf@v and
they are structured %ﬁ %reel 25 nmpvabl e back and forth along the

X-di rection. Héa'f}l‘a # eRD e%‘iﬂc chively 098t t decetetRreagh ofsthand 43 to
get access to t rocess ng units di sposed around 3 0 SEP 200 - 12 the
transfer deV|ce ?%éélve and send the wafer Wfromto these processing

FIG 5 h f
the. af or esai d LZS?Sf‘fE%a FrEEruRFeh8BBE lpoiGE (28) T8 bEFurRhFEE TR %ﬁ esent
nvention, and fiGedyis fnSENOTRLLEARLAN YU B G Blas o ;

SC

schematic plan view of a spin chu mat'l c segtlonal

vi ew thefgof . As1 sfomént nuil G gi;Lmsi Exh@ aR ekfehdfoh ghSt {BxFpating unit
(Ccaor) 61 (63), an annul ar cup is provided at the center of the bottom of

the unit, and ais@ludedutk GRits ptaked insndbriprectipef®. ofhe €pPr&P is
pl aced inside a processing chanber 50 having an opening DR The processing

chanber 50 is poytessingtini® growsceddabl ehanproesseimgbseasbomt 8l 140
for opening and closing the opening DR On the occasion of coating of a
resi st sol utiorsid¢eashwilbrbadesiesteedslaver) ose
In the processing station 11, as shown in FIG. 1,
15 a vertical-transfer type transfer device 22 is disposed
at the center thereof, and around the transfer device
22, various processing units are stacked in multiple
tiers to compose one or a plurality of processing unit
groups. In this resist coating and developing system 1,
20 five processing unit groups Gl, G2, G3, G4, and G5 can
be disposed. The first and second processing unit
groups Gl and G2 are disposed on the front side of this
system. The third processing unit group G3 is disposed
adjacent to the cassette station 10. The fourth
25 processing unit group G4 is disposed adjacent to the

interface unit 12. The fifth processing unit group G5

shown by a broken line can be disposed on the rear side.



t he opening DR, thereby form ng an encl osed space. Meanwhile, on the
occasion of carrying in and out of 20 the wafer W the shutter 140 ascends,
and the t\weezers 41 to 43 of the transfer device 22 go into and gLﬁEPOMf he
processi ng chanber 50 through the opening DR A thinner, vapor, or the [ike
which is a gas produced by vaporizing a solvent of the resist solution is
25 introduced into an encl osed space S f or fed by the descent of shutter 140
froma tank 201 via a punp 202 through an inlet pipe 65 provided on the
ceiling of the 3 0 SEP 2~~ - 13 processing chanber 50. Thus, by

i ntroduci ng thepgasg riRErEPt §62Ee 052t g PELGEEELEY EBaHBeEréTQﬁ sina

pressuri zed state on the occasion of coating o e resist so ion. In

this enbodi ment xotf€ablESSHI €hb NI ARV iREE SHA SN RET1 PR g OCCasi on
of coating of the resist solution is set to be higher than a norma

pressure, for ezdrte€ioResoaisltd KelfblatoTheSesebt 4N 36nd Bhah pressure
makes it possible to suppress the vaporization of the solvent of~the resist

10 sol uti on andwafeneRefromgsosthéi respacuipee. phbcesyeng ansekvent

at nosphere is nmaintained in the processing chanber at the tinme of coating
of the rexist solutidn, thadfheateprheeseipgrnhiktegrouphélpr aseshowg d¢hanber
is set at, for exanple, 23.0C at the tinme of coating of 15 the resist

sol uti on. The sBF®- chuckwg2spinReruEYRe creecpeingt wnbts bpaebt afi vhath
driving force of a_notor 54 while fixedly holding the wafer Wby vacuum
suction. The drPSef¥ordrPEadetepnined BEOGRSEdNGewhbie thepwafars¥diand

I d 20 b | t ill ed, and thereby the spin chuck 52 can
bgmfgssed ané ﬁH&%?t%geépggaﬁhlBgéﬁﬁgg Vb?hénm%igFPs%?utﬁBﬁpﬁﬁamalﬁraPn
t 56 f t , i Ly .i he.c CP. A resist
ottt on suppl yF SOESF co8RELBE uREEY LOGE) SEPTARA atoedelaB it e & =S
i | utj . f f-&h Iy S . c 0 esi st
ot ort Suppl yPEOSeS LG RLE  FERY 66 Mer Ul EANENS1HOPUSEEEErE O Roh?
sol ution suppl yeipé PEoBBom THE 688681 Pintill 0 v URP | thd OZZt & 8OrdSed ably

attached to the tip of a nozzle scan arm 92 at a nozzle waiting position 90

outside the cupufft qucuposed in therededrd NpredesOingi @Riti §ebapoe2?
position which is set at a position above the spin chuck 52. The nozzl e

scan arm 92 is e aghinnen-type uppecessingfunive|t foal egampde}, 86 which is
hori zontal ly novable on guide rails 94 laid in one direction (the
Y-direction) ineesiest heoatbegsenily (COT) 63 and a developing
15 processing unit (DEV) 62 are stacked in two tiers from
the bottom in order.
In the third processing unit group G3, as shown in
FIG. 3, oven-type processing units each of which
performs predetermined processing while the wafer W is
20 mounted on a mounting table (not illustrated), for
example, a cooling processing unit (COL) which performs
cooling processing, an adhesion processing unit (AD)
which performs so-called hydrophobic processing for
enhancing adhesion of a resist, an alignment unit
25 (ALIM) which aligns the wafer W, an extension unit

(EXT), heat processing units (PREBAKE) each of which

performs pre-bake, and heat processing units (POBAKE)



10 chanber 50, and noves in the Y-direction integrally wth the vertical
support 96 by a Y-direction drive nechanismnot illustrated. The nozzle
scan arnﬂ92 is also novable in the X direction perpendicul ar t b
Y-direction in order to 15 selectively attach the resist solution supply
nozzle 86 thereto at the nozzle waiting position 90, and noves in the
X-direction by an X-direction drive nechanl@mmot illustrated. At the
nozzle waiting position 90, a discharge 20 port of the resist solution
supply nozzle 86 is inserted into a hole 90a of a sol vent atnosphere

chamber and exposed b¢ dn3ehVeBLeaLABSRUST epbbe’ k0. cbhekehy hhe ggkuti on

at the tip of the nozzle does not s y nor deteriorate. eover, a

drain cup 130 igierevided—bPREVESELtbhCiRUSr&Erand the nozzl e waiting
position 90, and the resist solution supply nozzle 86 is cleaned at this

30SEP2004 - 15 posi simhlhelgyeihheheufiphythf prbeeseshat uadktuyirenpt a4t he
wafer W As shown in FIG 7, the spin chuck 52 is circular wth al nost the
sane size as thevenftyp® puodessing eeitereashadf gukilclv pborfbemsent er at
the tinme of rotational drive of the wafer. For exanple, a plurality of
suction ports sSeredetermineddproceseingi whiheckhg2wafed Wheswadent®di s
suction-held on the spin chuck 52 via the suction ports 51. The suction
port 51 may be 2B PrBeVAEHNBnFIPEE/ oFRr pBERTP LA, FUFPALINGt REOGHFALBAUCK 52

is divided int . pl it f i , f le, f i HlL to H4
concentrtcal 1y Thifl FoBbbi Yafrcheniotie Shahhis broeesBingeatip pes HPL (o
Togi ons 1 Lo LuekrOFRel RRh BhoPlEs BERREtafhT SHbF C ERReOrL "G ifEP S Lna
heat HT1 t di i the_h j t HP4

rggpggfiveIy.OA§%€%§%§?I%§BSS§QC§%§§%%%¥?ﬁgég%%bl§no§QESR%F§§t§F%tpgmer to

et P s (PR Tighep o “ghosede gny omer fig ondt o 0 DY L0,
processing units (PREBAKE) each of which performs pre-
bake, and heat processing units (POBAKE) each of which
performs post-bake are stacked in eight tiers from the
bottom in order.

15 As shown in FIG. 1, the interface unit 12 is set
at the same size as the processing station 11 in a
depth direction (the X-direction), but at a smaller
size than that in a width direction. As shown in FIG. 1
and FIG. 2, a transportable pickup cassette CR and a

20 fixed-type buffer cassette BR are stacked in two tiers
at the front of the interface unit 12, and a peripheral
edge aligner 24 is disposed at the rear.

A wafer transfer device 25 is provided at the
center of the interface unit 12. The wafer transfer

25 device 25 moves in the X-direction and the Z-direction

(vertical direction) to be able to get access to both

the cassettes CR and BR, and the peripheral edge



tenperature distribution of the spin chuck 52 under 25 such control. The
vertical .axis shows tenperatures, and the horizontal axis shows positions
al ong the dianeter of the spin chuck 52. As shown in FIG 9, ird DrSE® 2004
30SEP2' 004 - 16 enbodinent, the tenperature of the region Hl is set at
23.5C, the tenperature of the region H2 is set at 23.0C, the tenperature of
the region H3 is set at 22.5C, and the'teﬁbbrarure of the region H4 is set
at 5 22.0C. Further, it is desirable to set the tenperature of the region
H4 which corresponds to the outer . periphery of the wafer Wat a

temperature at yhi ghoftz) easind s SAPY AR e 59l ey g the resi st

solution is suppressed, and thus the vaporization o vent at the

outer peripherystsustRPERSESUbe | RELECALRE! ¥n tHe ! Hi-di IdiERlo 1 thi nner
with a boiling point of about 120C at the normal pressure is used as the

sol vent of the §6BéStosgétit a@PesdNEot ERRCERtENEISRIENDE [BXT hen¥Bhged W by
the tenperature 15 controller may be suitably controlled according to a

tenperature at ihithet beusoh vpnbceapigzenit agpoes sed connthée processi ng
chanber, an atnosphere in the processing chanber, a tenperature in the
processi Ny chanbrocessirgpstatior bl shderasdsas waferideliwedyttbab?é |ike.
As described above, the tenperature of the spin chuck 52 is controlled so
t hat the tenper@i@fellhestrabedyrodubheéyadioming alignepesighery to the
center of the wafer W whereby the wafer Wheld on this 25 spin chuck 52
has such a tenperat uF&Gdi 4t £fbdt PEESPRET VR Viewpehaviing ther exsesnal

gradually fromthe outer periphery to the center._ Thus, when the resist
solution  30SERRRRAranGe ‘Pé g%%l ERNSAPY cdBRITG 22r ediv ranifsmfer Wby

i n- i hod, .t h L i f th | , Of j
2ot o whi ch TEvEge 28 "B PREVLARH WEe] ner s SR L RR B P Wb FRR 8 ng 1 1
for mi ¢y =l . . . L hin th
aurface o the tererigfiecafd dedoantit KelEReaLIOLE BR" LT 0t Coati ng
unit (COT) 61 (@ﬁfe&fi&npeiﬁgPééiﬁngPYnﬂfﬁgélpéugﬁgitért97F$ghﬁé?e&0 The

tenperature in the processing chanber 50 is maintalined at a nor

temperature befofeatpeiredrwiils 25aandereefhibrrgte. cdhfesPbd €HUCK 52 in
t he processing chanber 50 noves to the outside of the cup CP with the

ascent of the deaocle ovher &¥.tHbétrvwapper Véidds hahd bywenyende ahdt bace
tweezers 41 to 43 of the
each other. The cylindrical supporter 27 is connected
15 to a rotating shaft of a motor 31, and rotated around
the rotating shaft integrally with the wafer carrier 30
by rotational driving force of the motor 31. Therefore,
the wafer carrier 30 is freely rotatable in the O -
direction. For example, three tweezers are provided on
20 a transfer base 40 of this wafer carrier 30. These
three tweezers 41, 42, and 43 each have a shape and a
size capable of passing through a side opening 44
between both the walls 25 and 26 of the cylindrical
supporter 27, and they are structured to be freely
25 movable back and forth along the X-direction. The

transfer device 22 allows the tweezers 41, 42, and 43

to get access to the processing units disposed around



transfer device 22 is transferred into the processing chanber 50 through
the opening DR and nounted on the spin chuck 52. The wafer Wis
suction-ﬁeld by the spin chuck 52, and noves to a resist solutidg $EPR20hg
20 position inside the cup CP with the descent of the spin chuck 52. The
opening DR is closed by the shutter 140. Ai%er the wafer Wis carried into
t he processi ng chanber 50, a gas produced vapori zi ng the sol vent of the
resist solution is introduced into the processing 25 chanber 50 through the
inlet pipe 65 whereby a solvent atnosphere is kept in the processing
chanber 50 and the Pr8&8SHEL d8vibe PPOEESPLBEi¢EagRE  s8Rai Bhéelafbrlwl X
30SEP21p~ - 18 105 Pa. The tenperature in the processing chanber 50 is set
at 23.0C. A thifnem/téothexanptécessingedndsst he solvent. The wafer Wis
set to have such a tenperature distribution that the tenperature increases
gradual ly 5 fromtheFDpateb peraphehgmhtitheecenbaalbyiehesheatingi phe as
heaters. In this case, the naintenance of the solvent atnosphere inside the
processi ng chantetit® shubtbsere hef stperatsresadf réeistpooatahgoanit t he
solvent of the resist solution. Mreover, the pressure 10 in the processing
chanber 59 is st€0Tb b6k hfFherceordingetocthal ppeeestr enventiehy andt her
suppressing the_vaporization of the solvent and facilitating the thinning
of the resist ¥ SubSequerbedatifeprtan; giewotherepf sudl§. nbzA & 86 15
noves to the center of.the e resist ggkutio IS sagpLied to the
S

. wafer W _Th
waf er W from t RECRERALIC B}ﬁ‘?i‘éhe‘gu?)gl? #8259 ghagkpnand FRE- wArdf is
rotated at a sp, 0 The _resi sol ution supplied onto the wafer
Wis spread ove$8€%@£%£€e$e€§gén%gnY+$ ugé?rﬁﬁgforce to forma coating film
on the wafer W On tﬂéss%ﬁﬁskﬁ”pxéi ”Seah{ieﬂ@f g WS¢ RE! r%gip ve such a
tenperature distribution that the tenperature incfeases graduall’y fromthe

outer pefppherycéoeihs &R e[ cot t%i @ﬁﬁfrs ¥ 4R uféfoﬁﬁﬁa&boﬂs()f the

solvent of the resist”25 solutio spread on the outer periphery of

the wafer Wis grppi@sacsc vheredytéheoti thaobettdnYbPotRE thet! eghdta
solution within the surface of the wafer W 30SEP~4 - 19 can be nade

uni form Accor dépiyh ychack 082 i by placedi ihsadenther dup hceknemtse igndghiap t he
waf er surface can be obtained, and, for exanple, even in the case of a thin
film 100 nmin i%irkaeed, instdatd nprécess ng hchamhef obon Bavhngkarss within
the wafer surface can be forned. After the pressurized state inside the
processi ng chan®RensngdBRy o|Thes @ronessing dmmhen fC is pravided with

15 an ascendable and descendable shutter 140 for opening
and closing the opening DR. On the occasion of coating
of a resist solution, the shutter 140 descends to close
the opening DR, thereby forming an enclosed space.
Meanwhile, on the occasion of carrying in and out of

20 the wafer W, the shutter 140 ascends, and the tweezers
41 to 43 of the transfer device 22 go into and out of -
the processing chamber 50 through the opening DR. A
thinner, vapor, or the like which is a gas produced by
vaporizing a solvent of the resist solution is

25 introduced into én enclosed space S formed by the
descent of shutter 140 from a tank 201 via a pump 202

through an inlet pipe 65 provided on the ceiling of the



processi ng chanber 50 returns to the normal tenperature, the shutter 140 is
rai sed and the wafer Wis raised. 10 Any one of the tweezers 41 t@ ég&ﬂﬁ
the transfer device 22 is then inserted into the processing chaﬁb ﬁ

t hrough the opening DRto carry the wafer on which the coating filmis
formed out of the processing chanber 50, and thus a resist coating process
is conpleted. 15 Incidentally, as for the Kiructure of the spin chuck 52,
heat insulators 200 nay be put in spaces between the heat pipes HPl to HP4
as shown in FIG 10. As a result, thermal interference between the

respective regi pﬁécéﬁélelg& EMEEF e%(? GW&JE ,?{ﬁ?gi%fwu%iﬁ%a&rh%ciq%%dbt ain a

temperature. control. shown I n SO sui

filmthickness @m@fiﬁ@egiofh@fwgﬁgrpyggggsiﬁgiaﬁgﬁg@fys&oggrpﬁ Jenperatures
at respective positions on the spin chuck 52 according to a film25
thickness at easbeposiizod StatdeonetiRe WcdSid®lof CFPLE Bl Sf CORé r ol
corresponding to A, H, and C shown in FIG 11, for exanple, such a control
that the 30SEResist2€oluehmer atlur echiis dabohisrtht,S thec in
Furthernore, in the aforesaid enbodi ment, when the solvent is attached to
the resisi sol uthenpsopesyimyzechanbar dendtbpsodyasdn of dwestid@rof
controlling the 5 tenperature in the processing chanber, it is also

possi bl e to provheleresighpeehatien chntset |t bechighen tivan ea normik
nozzle. Although the exanple in which the present invention is applied to
the unit for coXFFRMYPe HOr sR¥aBRHRIUCERE aafbrlwit A0t HRay edhds sol ution

and the like is eéglained t.he present invention, can be,gf'lfed to a unit

for coating sub®TratRE Bt Rrlig PTRRSLES RkeRicibrPeRd thlett® exanple, an
LCD substrat i i | ut i . t | i ke.. 15 Next, nbodi t
L0 SUhet 8 C W £ SR O0 96 SDSARE 12 et gD Sl e
units (ORY) 60 &8hiffod Naddiee AN £ o droy BLET M| e PEnFXP! Ao G 412

and FIG 13 are a schematic plan view and a scC ¢ sectional Vv

howi ng the entg fi : : ' 60
showi ng the entdsByeht Usthd SpROrOf 14 Eﬁ??ﬁt‘(z’%ié?)?a g_gn p%l?%fﬁféé‘&sé’ﬁ& ( DEV)

(62). In this devel opi ng processi ng
chamber at the time of coating of the resist solution,

and hence the temperature in the processing chamber is
set at, for example, 23.0°C at the time of coating of
15 the resist solution.

The spin chuck 52 is structured to be rotated by
rotational driving force of a motor 54 while fixedly
holding the wafer W by vacuum suction. The drive motor
54 is placed so as to be able to be raised and lowered

20 by a cylinder not illustrated, and thereby the spin
chuck 52 can be raised and lowered. A drain port 55 for
a waist solution and a drain port 56 for an exhaust gas
are provided separately in the cup CP.

A resist solution supply nozzle 86 for supplying

25 the resist solution as a processing solution to the
surface of the wafer W is connected to a resist

solution supply unit (not illustrated) via a resist



CP whi ch houses the wafer Wis placed in the vicinity of the center of the
unit. A Rrocessing sol ution supply nozzle 278 which supplies a devel oping
solution'to the 25 wafer Wis renovably attached to a nozzle scar SEPN2G.
The nozzl e scan arm 276 is attached to the upper end of a vertical support
275 which is horizontally novabl e on 30SEP2004 - 21 guide rails 274 laid
outside the cup CP, and noves in the Y=di r¥ttion integrally with the
vertical support 275 by the driving of a drive unit. The processing
solution supply nozzle 278 is connected to a solution 5 supply source of

the devel opi ng é&id%i&?pé(}?é%i}%g%?éaé@g Wi & e3qlst 15 YRR %@3&3,0279- A

plurality of discharge or discharging the processi | ution

are provided i mezdidead nid hx?exﬁ@&%if@@@écl@é&%i%oéi%hﬁf NPZgbe, 1d8 at

the bottom of the nozzle 10 278. A rinse nozzle 273 whic scharges a

rinse sol ution dadn raxsi IY dthea deyLi DPi i SOA G S VY 96 tSGitd I@e Stp@! y Of
t he devel oping solution to the wafer Wis prepared outside the cup CP and
tinmely noved ortup tCi, ldndvaicredViy 4 herewezdmbred ssMPién Qeckapgder is
formed by an outer peripheral wall, an inner peripheral wall, and a bottom
wal | inside t her@titiom wWrichris gturatt id ypoditdien mipore stk&6s@ie provi ded
in the bottomwall, and this drain port 256 is 20 connected to a tank not
i I'lustrated vi £k &4 pilhe 2pzzlen scade Gadadiorsofatd@rdiashiteg threocessi ng,
t he processing solution which has overflowed is collected into the cup CP
and sent as a WRRSF MUteHR 1Rt ¢l FUPRPIHori6 296i¢h e bottom of the

cup CP to the tank, 25 not_ illustrated through the drain pipe 270. A spin
chuck 252 as a WG BH “?'R)‘f%l%la‘? k@‘v%l%’é?eg\ﬁ%’;llﬁla%‘huﬂ‘ﬁ%%cﬂ dMhen t he

et o B, (oo Y e TR AR oy
0" AT, LM SIS i B Al L
shown in FIG &idih ¢l wiavel Pl NehigBAeessé gy Wi §-d DE0+ A tdtBve
mechanism not illustrated.
The nozzle scan arm 92 is also movable in the X-
direction perpendicular to the Y-direction in order to
15 selectively attach the resist solution supply nozzle 86
thereto at the nozzle waiting position 90, and moves in
the X-direction by an X-direction drive mechanism not
illustrated.
At the nozzle waiting position 90, a discharge
20 port of the resist solution supply nozzle 86 is
inserted into a hole 90a of a solvent atmosphere
chamber and exposed to a solvent atmosphere therein,
whereby the solution at the tip of the nozzle does not
solidify nor deteriorate.
25 Moreover, a drain cup 130 is provided between the

cup CP and the nozzle waiting position 90, and the

resist solution supply nozzle 86 is cleaned at this



structured, the wafer Wis delivered fromthe transfer arm41 to 43 to the
spi n’'chuck 252, and thereafter the 10 spin chuck 252 is | owered. The

devel oping solution is then supplied onto the wafer Wfromthe @rﬁgg %hﬂﬁ
solution supply nozzle 278 while the wafer Wis rotated. SubseqUe E, e
rotation of the spin chuck 252 is stopped, and static developing is
performed for a 15 predeterm ned peri ol ofl?inme. On this occasion, as shown
in FIG 14, the tenperature of the spin chuck 252 is controlled so that the
tenperature decreases gradually fromthe outer periphery to the center of a

vaf er W hol di ngpseif{ 6% 96456 SR s 3B Zndhalehy. 2ot les Jafes Whel d

on this spin chuck 252 has such a tenperature distribution that the
t enper at ure dectrasestaF afually fromthe outer periphery to the center. As
aresult, tenperatures of the wafer Wto which the devel oping solution is

suppl i ed are made unAsosRowRSifieButli Ng theushiRr ShaexebPPifdcifBgLgRl ter,
rinse processing is perfornmed. The discl osure of Japanese Patent

Appl i cati on No.2D-&BdGdt ftihe dsdite cdhiBd , a2 06e i wetenlimg and DeSEP 2004 -
23 specification, drawings and clains are herein incorporated by reference
inits erftiretycentenoishabihfyed onktlexsne| ceytentodi teattsiné ohi s i nvention
have been described in detail above, those 5 skilled in the art wll

readi |y appreci®RerFional mivenef ftkatwaker ar #ozossiapipd.€/n a lpd ugedripiyar y
enbodi nment s vut%gut materially dggartlng fromthe novel teachings and
advant ages of tHF SSYTAMNR iR ERThrakagixovidad sinthpErie ghumk 22 e

i ntended to be é# Iqﬁed Lthin the 10 scope of this invention. 3 0 SEP
200f 24 d gi {ns 18 tép%s‘ﬁ e r%ﬁ:é%‘é‘?‘hbo%%b%]r ht%,“&%rﬁfT%i‘ﬁ@?d& ?l%l de\rNh_ )
configured to r Y. rat e avi.ng _a _hal.ding surface whic
hol ds t he subst‘?%?e, %hse&%%of%’?r%&ﬁéffgfc'e ﬁ@\ﬁ ﬁé‘cé:tlgﬁnegﬁrtar?qem B§ ze as
the substq at e; &q?g i %ﬁst a i sQhuti 0 e
substrate hel d_'%i/ t e_clflocf)[g%? ;ég P urg?%'?lzp%%' heélt%rhs%%di g%%sesg’r}'lnnrgeﬁ%qt@ast
three regions igyoisiefidde MO0 PRBIHEASE | fediddlededt rlnple
concentrically from al nost an exact rotation center tfo an outer periphery
of the hol di ng o ateyicis Bl CeNtHP| dsicddtridyti W ol d yr&@id1 ol i ng

tenperatures of the respective heaters,
direction.
As shown in FIG. 8, heat pipes HP1 to HP4 which
15 are independent of one another are embedded in the
respective regions Hlto H4 of the spin chuck 52, and
temperature sensors S1 to S4 and heaters HT1 to HT4 are
disposed directly below the heat pipes HP1l to HP4
respectively. A controller 203 controls the supply of
20 electric power to the respective heaters. HT1 to HT 4
based on temperatures detected by the respective
sensors S1 to S4.
FIG. 9 is a diagram showing one example of a
temperature distribution of the spin chuck 52 under
25 such control. The vertical axis shows temperatures, and

the horizontal axis shows positions along the diameter

of the spin chuck 52. As shown in FIG. 9, in this



wherein the controller detects a profile of a filmthickness of a resist
film1l5 fornmed on the substrate and controls a tenperature so that the

t enper at dre is decreased where the filmthickness is | ar ge and h& SEP 2004
tenperature is increased where the filmthickness is small. 2. The
apparatus, as set forth in claim1, 20 wherein the controller perforns a
tenperature control so that a tenperatare 6 the outer peri phery of the

hol di ng surface becones a tenperature at which at | east the vaporization of
the solvent of the resist solution is suppressed. 3. The apparatus as set
forth in claim ; oc,9§éi C i cl os tightly
where the sol ut%‘(‘)l?]&i%éﬁ%rljﬂp'pl I ed tg%tl% the s%b@??%#% ﬁ%?%&k)ﬁ hJéthg deértgfrom

the nozzle. 4 Fw.smparaeitehberticdr@ Ot ithebAdTch Ui gercqprising: a

pressuri zing mechanismfor préessurizing an interior of the processing 30

chanber. 5. The2apparathe asnpeiratlirid) df tHeair8gdonMigr gish sldtea3ol ution
contains a processing solution and a solvent, and wherein the pressuri zing

mechani sm pressizi¥€s tanel ititeertiempenfatiire 3F phecaessjion eadierseto dthat t he
interior pressure becones |arger than a normal pressure by introducing a

gas of arP at nosphet’® .of Fuhtheo} véht isndesinebpeotessehgthe8témpEPaR1y8~ 25
chanber while coating the solution. 6. The apparatus as set forth in claim
|, a plurality of thepeesian ddatichreoprespends i to ttie respect i ve regi ons,
5 the controller performng tenperature control so that each of the regions
reaches its des‘-?‘?‘%ﬁpli%é? tihe waker i Rt td tenpepiarerat dér ek ettt by each

of the tenperature 1g:letectors. 7. The gffaratus as set forth in claiml,
further conprisiSRFt 19'% RRATH2RLAOR AT R SRIVERE LHRRIFSS Bk ween t he

ti i i.ch. adj.oi h, ot h i.n t holder.. 8., A bstrat
o onessi ne mecranrutflE LS H A e DL i e Y SRR RE Sor face
havi tn | t i - i i st
ol Ut Do, CRh (IR SR P (e Tyecl® SUPREIT S NusPdedd B o010
filmthickness gfc iR By f i 10N {101 STESnBBE flen S UBS 1t Bne AN €1) a

controlling a tenperature "of the holding surface separately according to 20

at |east three yegiing pidheonadsbing sr0°Cage ehet RarmhiepresBaLR! Yse IS
decreased where the filmthickness is large and the tenperature is

i ncreased wher aigeik 4¢ |thd allsrans df thaltes S5t THELBtihst I atrdepr ocessi ng
met hod, as set forth in claim8, 25 wherein the step (d) is to control the
t enper at ure of temparsdtdimgy sabtfiase fur ttte waber sy athe et emperaisese
gradual |y froman outer periphery to a center of the substrate. 10. The
net hod d2 set fCAMUrelden May e Fnikahle ranerallesd (agcdrding foe med in a
pressuri zed encl osed space. 11. The nethod as set forth in claim 10,
wherein the ené:leﬁ‘ét-?ﬁfas’%h?e 3t PHEs e P B hi FaRRIEI4RF a JaRIDFSHEE

at nosphere of a Sq:| vent_contained.in.the resist solution into the encl osed
space. 35 in the processing chamber, an atmosphere in the

processing chamber, a temperature in the processing
chamber, a temperature of the resist solution, and the
20 like.

As described above, the temperature of the spin
chuck 52 is controlled so that the temperature
increases gradually from the outer periphery to the
center of the wafer W, whereby the wafer W held on this

25 spin chuck 52 has such a temperature distribution that
the temperature increases gradually from the outer

periphery to the center. Thus, when the resist solution



12. The method as set forth in claim8, further conprising: 3 0 SEP 2ta~
26 a'steR of detecting a tenperature of each of the regions, and ﬁ?lﬂn4
the step’(d) is to control the tenperature so that each of the regio
reaches its desired tenperature according to the detected tenperature.

13. The apparatus as set forth in claim1l1, wherein the nozzle has heatlng
means for preventing dewdrops fron1forn1ngrlhereon 14. The apparatus as
set forth in claim5, 10 wherein the controller controls a tenperature of
t he atnosphere of the solvent to a predeterm ned val ue. 15. The appar at us,

S?ngt pggr: |ho|ned§ %é%&eﬂ%eat edféi%ébﬂ?q r%éfjf%r a(?\%fflda? ip}t ers a Iaatheﬁ]e

plurality of rﬁgﬁ GhéMRdy, the v%?orlzatlon of the so%\ ﬁ
CAY.A . AYh L AEY. A A[ CER e Miody e, v AAAuyAHASAAN SN

e. ALa% AL! 9"  the resist solution which is spread on the ou
ELhO*d@Bv{vql gb] X] ca] ca] ca] ca] ca] ca] caU] ca] ca] cRa] ca] ca] ca] ca] cal ca] ca] ca]
ca] ca] ca] ca] ca]mext sljery cid cjpptedwdda] vedwRaing in WA fdrmi®ynof the
2f }xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] cal ca] ca]
ca] ca] ca]xa] ca]tiing cff chifvjeajLatie Besist solution within the
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h& () - & 10% h& dhud® HW) h&h(e) @Y DR (s c1dskHA 1 )sHatdd? 3P0
h& ()- 10% h& ()-910% h& () - %#h#h& ()-10% & ()- 910% h& ()- |10%
h& ()-*d@K-.10% & (AftdO% & wa£&d 0R0 b’ ¢ary ed0nb& the processing

A& 9

chamber 50, a gas produced by vaporizing the solvent of

the resist solution is introduced into the processing
25 chamber 50 through the inlet pipe 65, whereby a solvent

atmosphere is kept in the processing chamber 50 and the

pressure in the processing chamber 50 is set at 1.1 X



& 210% h& () - YVd0% h& () - y#n 10% h& ()-J}si K 10% & ()-$ 10% & ()-10 h10 h10

hS=10% h& () - 9210% h& () - 810% h& () - 96! 10%

h& ()-BvilK-K 10% & ()-10% & ()- f10% & ()-sMLO% & ()-Y"10% & ()3 lhé%ém()-F
10% & ()- T  iK-K&10% & ()-$1"10% & ()-"310% & () -

10% & ()-10% & ()-S10% & ()-2"10% & ()-$V'] K-K, 5 10% & ()-3s10% & () -

0t10% & ()-. 10% & ()-,410% & ()-*10% & ()1§ 10% & ()-"BliK 5

10% & ()- F109%& ()-$ 109’ ()- 10t 10t 10t; 10% & ()-910% & ()- | 710% & ()- @m

| K-Ks100&' ()-10%: () - S10%: () - &10%& ()- s10%: () - O‘V&'()-@O%&'()-

21 K-K$ 109%& ()16% P& Che temperature in the rocessing chambe .
109 ()-5S100%& () -yF 11008 (5 Beiasare) 0 58 P oR R Pk R B3mPeY. 3% 18ue ()

.s10%& () - , 1096 (ats23 1OV (- thihQ¥E, (¥ogdekBfiB16) - Bh used as the
“}oi K3109& () - $f 100& () - 101010; 100& ()-910%& ()- 6" 100& (

510%&' () - -: vbCsédBidt . 1AM Waferl MR o )sdts T Halvke (S)LrCthO/&dubperature
@O0%&' ()-L910%' ()-: hMeX6si KI s"10%&' ()- ! s"10%& ()- ! s"10%x& ()- !
109&' ()- mO%& distributilOf®tfat | Z¢ } { emSdr i 0Le fifgredfed Ogradually
5 from the outer periphery to the center by the heat
pipes as heaters. In this case, the maintenance of the
solvent atmosphere inside the processing chamber 50
enables the suppression of the vaporization of the
solvent of the resist solution. Moreover, the pressure
10 in the processing chamber 50 is set to be higher than
the normal pressure, thereby further suppressing the
vaporization of the solvent and facilitating the
thinning of the resist film.
Subsequently, the resist solution supply nozzle 86
15 moves to the center of the wafer W. The resist solution
is supplied to the wafer W from the resist solution
supply nozzle 86 while the wafer W is rotated at a
speed of 2000 rpm. The resist solution supplied onto
the wafer W is spread over the wafer W by centrifugal
20 force to form a coating film on the wafer W. On this
occasion, since the wafer W is set to have such a
temperature distribution that the temperature increases
gradually from the outer periphery to the center of the
wafer W, the vaporization of the solvent of the resist
25 solution which is spread on the outer periphery of the
wafer W is suppressed, whereby the timing of drying of

the resist solution within the surface of the wafer W
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film 100 nm 1n thlckness, a coating film with a uniform

5 thiqkness within the wafer surface can be formed.

After the pressurized state inside the processing -
chamber 50 is released and the temperature in the
processing chamber 50 returns to the normal temperature,
the shutter 140 is raised and the wafer W is raised.

10 Any one of the tweezers 41 to 43 of the transfer device
22 is then inserted into the processing chamber 50
through the opening DR to carry the wafer on which the
coating film is formed out of the processing chamber 50,
and thus a resist coating process is completed.

15 Incidentally, as for the structure of the spin
chuck 52, heat insulators 200 may be put in spaces
between the heat pipes HP1 to HP4 as shown in FIG. 10.
As a result, thermal interference between the
respective regions can be prevented, which enables more

20 precise temperature . control.

As shown in FIG. 11, it is also suitable to obtain
a film thickness profile of the wafer W and
individually control temperatures at respective
positions on the spin chuck 52 according to a film

25 thickness at each position on the wafer W. As for
temperature control corresponding to A, B, and C shown

in FIG. 11, for example, such a control that the
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solvent is attached to the resist solution supply

nozzle as dewdrops by cold or heat for controlling the

5 temperature in the processing chamber, it is also
possible to provide a temperature controller such as a
heater in the nozzle.
Although the example in which the present

invention is applied to the unit for coating the

10 semiconductor wafer with the resist solution and the
like is explained, the present invention can be applied
to a unit for coating substrates other than the
semiconductor wafer, for example, an LCD substrate with
a resist solution, or the like.

15 Next, an embodiment in which the present invention
is applied to the developing processing units (DEV) 60
and 62 in the aforesaid system will be explained.

FIG. 12 and FIG. 13 are a schematic plan view and
a schematic sectional view showing the entire structure

20 of the developing processing unit (DEV) 60 (62).

In this developing processing unit (DEV) 60, a cup
CP which houses the wafer W is placed in the vicinity
of the center of the unit. A processing solution supply
nozzle 278 which supplies a developing solution to the

25 wafer W is removably attached to a nozzle scan arm 276.
The nozzle scan arm 276 is attached to the upper end of

a vertical support 275 which is horizontally movable on



105 f10%4& ()- MLO% ()- 10%& ()-10%& ()-

109448 ()-:!10%4& ()-0112233dEYNC 105 6, 109%4& ()-.10%H& () -- 305
109448 () JUGLO%HE () - #! 10948 () - 3510%4&' () - 34KALAMANAZ4a44bC 105 EP 2004
Lt 10948 () - @LO%H& () - $&10%4& ()- 10H 10H

10H3: 10%44&' () - S810%&' () - 4445WB55dEBC 105 @ 0% ()- 10%& ()-:!10%& () -
10944 ()-  109%& ()- , @O%& ()-556777, 831 ?b€ 105*g1l0%& ()-)

109448 ()-!, " 109%H& ()- !, "10%HH&' ()- L10%& () -

|t 10948’ () -, 8f 869k999999dYNC 105 10H 10H 10HI310%&: () -

Pt ok ] T i et

105 +s10% & 0%
%L0% & () - #1gé6&?%?9%§ifécéléé ==1> %@%% é%%k? Bge‘%ertlcal support

10% & () -4910% 874 ) by MR §r{ V1 8y 1080 &' d21ve 1818 &, ()The processing

solution supply nozzle 278 is connected to a solﬁtion
‘5 '~ supply source of the developing solution not
illustrated via a solution supply pipe 279. A plurality
of discharge ports 238a for discharging the processing
solution are provided in a line in the longitudinal
direction of the nozzle 278 at the bottom of the nozzle
10 278.

A rinse nozzle 273 which discharges a rinse
solution for rinsing the developing solution away after
the supply of the developing solution to the wafer W is
prepared outside the cup CP and timely moved onto the

15 wafer W by the nozzle scan arm 276.

One chamber is formed by an outer peripheral wall,
an inner peripheral wall, and a bottom wall inside the
cup CP. One or a plurality of drain ports 256 are
provided in the bottom wall, and this drain port 256 is

20 connected to a tank not illustrated via a drain pipe
270. On the occasion of developing processing, the
processing solution which has overflowed is collected
into the cup CP and sent as a waste solution from the
drain port 256 in the bottom of the cup CP to the tank

25 not illustrated through the drain pipe 270.

A spin chuck 252 as a holder which holds the wafer

W by vacuum suction when the wafer W is delivered by
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by a drive motor 254.

In this case, the spin chuck 252 has the same
structure as that shown in FIG. 8.

In the developing processing unit (DEV) 60 thus
structured, the wafer W is delivered from the transfer
arm 41 to 43 to the spin chuck 252, and thereafter the
spin chuck 252 is lowered. The developing solution is
then supplied onto the wafer W from the processing
solution supply nozzle 278 while the wafer W is rotated.

Subsequently, the rotation of the spin chuck 252
is stopped, and static developing is performed for a
predetermined period of time. On this occasion, as
shown in FIG. 14, the temperature of the spin chuck 252
is controlled so that the temperature decreases
gradually from the outer periphery to the center of a
wafer W holding surface of the spin chuck 252, whereby
the wafer W held on this spin chuck 252 has such a
temperature distribution that the temperature decreases
gradually from the outer periphery to the center. aAs a
result, temperatures of the wafer W to which the
developing solution is supplied are made uniform,
resulting in uniform developing. Thereafter, rinse

processing is performed.

The disclosure of Japanese Patent Application
No.2000-98430 filed March 31, 2000 including
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a holder, configured to rotatably hold a substrate and having a holding
5 surface which holds the substrate, the holding surface having at least an equal size
as the substrate;
a nozzle positioned to supply a resist solution onto the substrate held by the
holder; '
a plurality of heaters disposed in at least three regions into which the
10 holding surface is divided almost concentrically from almost an exact rotation
center to an outer periphery of the holding surface; and
a controller for individually controlling temperatures of the respective
heaters,
wherein the controller detects a profile of a film thickness of a resist film
15 formed on the substrate and controls a temperature so that the temperature is
decreased where the film thickness is large and the temperature is increased where
the film thickness is small.

2. The apparatus, as set forth in claim 1,

20 wherein the controller performs a temperature control so that a temperature
in the outer periphery of the holding surface becomes a temperature at which at
least the vaporization of the solvent of the resist solution is suppressed.

3. The apparatus as set forth in claim 1,
25 a processing chamber capable of being closed tightly where the solution is
supplied onto the substrate held by the holder from the nozzle.

4 The apparatus as set forth in claim 3, further comprising:

a pressurizing mechanism for pressurizing an interior of the processing
30 chamber.

5. The apparatus as set forth in claim 4,
wherein the solution contains a processing solution and a solvent, and
wherein the pressurizing mechanism pressurizes the interior of the
35 processing chamber so that the interior pressure becomes larger than a normal
pressure by introducing a gas of an atmosphere of the solvent into the processing
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10mh the controller performing temperature control so that each of the regions
reaches its desired temperature according to a temperature detected by each of the
temperature detectors.

7. The apparatus as set forth in claim 1, further comprising:
10 a heat insulator provided in a boundary between the respective regions
which adjoin each other in the holder.

8. A substrate processing method, comprising:
(a) holding a substrate on a holding surface having at least an equal size as
15 the substrate;
(b) supplying a resist solution on the substrate held in step (a);
(c) detecting a profile of a film thickness of a resist film formed on the
substrate; and
(d) controlling a temperature of the holding surface separately according to
20 at least three regions of the holding surface so that the temperature is decreased
where the film thickness is large and the temperature is increased where the film
thickness is small.

9. The substrate processing method, as set forth in claim 8§,

25 wherein the step (d) is to control the temperature of the holding surface so
that the temperature increases gradually from an outer periphery to a center of the
substrate.

10. The method as set forth in claim 9,
30 wherein the step (a) is performed in a pressurized enclosed space.

11. The method as set forth in claim 10,
wherein the enclosed space is pressurized by introducing a gas of an -
atmosphere of a solvent contained in the resist solution into the enclosed space.
35
12. The method as set forth in claim 8, further comprising:
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14. The apparatus as set forth in claim 5,

10 wherein the controller controls a temperature of the atmosphere of the
solvent to a predetermined value.

15. The apparatus, as set forth in claim 1,

wherein the holder includes a plurality of heat pipes positioned to be heated
15 by the plurality of heaters and heat the plurality of regions, respectively.



