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ia ~eea~~i *159159* DESCRI PTI ON COATI NG PROCESS
APPARATUS AND COATI NG FI LM FORM NG METHOD [ Techni ca
Field] The present invention relates to a coating

For Torm ng o tiim by appiying 2 coatino 11 IMNNGITHI

substrate to be processed. [Background Art] FoOr « sos9+
instance, in a process JIEICRIBRTION ng a seni conduct or
device, a predetermned circuit pattern is formed on a
1C0AERNG 7 ARBARATIS AN (COATHNGh RIGM FORMINGhMETHOD
technol ogy. According to this photolithography

process, a resist fillFéchniealdtiednila wafer, the

resist filmis exposed in a predeterm ned pattern,

and t e preseniodadendfion irelddes| dped, coheingypibeess
circuit pattern is fornmed thereon. 15 As a method of
dppanaiys andsastodtiimg diilm feimingmettdd €dr §piMing a £ilm
coating is wdely used, which supplies a predeterm ned
ymapnlying a evasting qdiqaids tsuapshbsitiatd o B tffocessed.
portion of a wafer held substantially horizontally

and then rotates the [Batkgretna Argh speed so as to
spread the resist liquid over 20 the entire wafer

sur f adr Unskanteaednl aparess Lof efdbrARtieRf h Ferti@ohductor
Publication No. 2001-189266, for exanple, discloses,
davire apparEdetemnined folremnit paltteby SECHofRkd on a
coating, a coating process apparatus which conprises

septarebe toupwadelrabyl wilin i hieOpRoOt 6 DiElto Grafiietedhnology .
and coercively exhausts the atnosphere around the

Ardarding toarthgisnphotiblithographgxpoocéssg 4 muBide F11m is
bottom and an airflow

formed on a wafer, the resist film is exposed in a predetermined
pattern, and then the exposed wafer is developed, whereby the
circuit pattern is formed thereon.

As a method of forming a resist £ilm on a wafer, so-called
spin coating is widely used, which supplies a predetermined
amount of a resist liquid is supplied to the center portion of
a wafer held substantially horizontally and then rotates the
wafer at a high speed so as to spread the resist liquid over
the entire wafer surface.

Unexamined Japanese Patent Application KOKAI Publication
No. 2001-189266, for example, discloses, as an apparatus which
forms a film by such spin coating, a coating process apparatus
which comprises a process cup so laid out as to surround a wafer
and coercively exhausts the atmosphere around the wafer by

carrying out coercive exhausting from the bottom, and an airflow

control plate which is so provided as to surround the wafer in

L
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control plate which is so provided as to surround the
wafer in *G 00002* - 2 atnosphere around the wafer by
carrying out coercive exhausping fromthe bottom and
an airflow control plate which is so provided as to
surround the wafer in the process cup and controls an
ai rfl ow generated around the wafer. 5 In this coating
appesphere drouwndrtheawafierabyospineying eott andeé mmiveor t
of a exhaust passage is positioned in the vicinity of
exhaugbingctran thee bedftom, dnd ag efirfhewresitstol plate
liquid at the peripheral portion of the wafer is

woteh eiaitse prveided as dior Suawolindwthg wafer tire the process
exhaust passage. 10 Accordingly, the resist liquid

cupvamd covaralld fen Eeriflosr yeneratba apdend ftienvwdrer.
center thereof is likely to deposit on the periphery

of th&nwehes, ceatimntapgeratasi,sthoweverheasnen athositesre
at the peripheral portion of the wafer than at the
erhtact por tpart o5 AResdiallst, passay8i 86 Upbdaticie®fin the
circuit patterns and high integration are advanced, a

veeisityiofndmw diiyd Fawed ofb@benparbhi NaLyied o Uk Fesist
slight unevenness of the thickness of a resist film

Lagqgbd yatf flectpetiphetiadl poatdohhef €Hel waFePfid accelerated
product. 20 [Di sclosure of the Present invention] The

fuestotan nadariliown flakvineedntedehenefRaas € epad d£de Of
the situations, and it is an object of the present

Acvendimgly | othl aesde ta 10QRLAN§1pWEAGSEoRPPRr ld! peibhery
a coating film form ng nethod which enable a
661 tiné i wefedf Frdnt [theh@éent@rathezboexLe! 1 01y Ntd QdPosit on

t hi ckness.

the periphery of the wafer, so that the resist film becomes
thicker at the peripheral portion of the wafer than at the
center portion.

Recently, as miniaturization of circuit patterns and
high integration are advanced, a resist film to be formed
becomes thinner and such a slight unevenness of the
thickness of a resist film largely affects the yleld and the
quality of a product.

[Disclosure of the Present invention]

The present invention has been made in consideration of
the situations, and it is an object of the present invention
to provide a coating process apparatus and a coating film
forming method which enable a formation of a film having an
excellent uniform thickness.

That is, according to the first aspect of the present

invention, there is provided a coating process apparatus for
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That is, according to the first aspect of the present
invention, there is provided a coating process
apparatus for 3 formng a coaging filmon a substrate
to be processed, conprising: a holding nmechani sm

whi ch holds the substrate to be processed in an
approxi mately horizontal posture; 5 a coating liquid
Sopping recuetiisrg \Hileh osuppkubstaater edeberprosksed,
coating liquid to a top surface of the substrate to
bemprocigsged hel d by the hol ding mechani smp a rotation
mechani sm which rotates the substrate to be processed

hel d ayhohéidmy|mkdlgamemhamisi haldsl@hansabstLeve to be
control menber laid out close to the substrate to be

processall im sl EpproFEmate 1§Shbei sohtUNFostuRey | phery
thereof, and having a vertical cross section which

gr adual tyabie@nesqutd WuppliP wicthahiem @R1EASEEEpEovary

an outside. 15 According to the second aspect of the

PresetdrmineNiddditing NQG@1lS tB VL H5UsRrLEL 189 the
process apparatus for formng a coating filmon a

substrate tP vee dHdRedsea0heiANBY $h8%H ' ;
nechanisn1mhichlﬁglds t he gubst?ate too%%ﬂ%%?%%gggg.m,

I N anaapptoKicrimdohdiid WHidh ROthees: tRE éuSQé‘I-é'aﬂéJ to be

[iquid supply nmechani sm supplying a predeterm ne

po6éedided iHBld By the Wo134hbaREcRANISR; aspstrate to
be processed held by the holding mechanism a rotation

mechagh SA1EELGW | Guh il Mdaberaliaifioole cPbeEessethdiel d

by the hol di ng nechani sm and 25 a process contal ner
sesorFaEntic bd Jelsdiedd iRPsHAAI 8 "hanner as to surround a
periphery thereof, and having a vertical cross section which
gradually becomes thicker upward from an inside toward an
outside.

According to the second aspect of the present invention,
there is provided a coating process apparatus for forming a
coating film on a substrate to be processed, comprising:

a holding mechanism which holds the substrate to be
processed in an approximately horizontal posture;

a coating liquid supply mechanism supplying a
predetermined coating liquid to a top surface of the
substrate to be processed held by the holding mechanism;

a rotation mechanism rotating the substrate to be
processed held by the holding mechanism; and

a process container accommodating the holding mechanism
and capable of exhausting an atmosphere around the substrate

to be processed from a bottom, wherein
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and capabl e of exhausting an atnosphere around the
substrate to be processed froma bottom wherein 4

t he process container includeg:-a first cup having an
outer circunferential wall surrounding an outside of

the substrate to be processed, and an airflow contro
menber having a cross section of an 5 approxi mately

r ect ablgell procesp ecatdfaimet dpcdmdegper ring portion

having a vertical cross section of an approximtely

tri angufarstshayge leendiny e whitey chwennifeaentihal omell

ring portion having a cross section of an

spprocndiaielan dutisdidgulofr thhapabattape ote Usk nirocessed, and
downwar d, and provided close 10 to a periphery of the
subst ant aitPldve ¢umoess ebnibert havingst ceopsSSe@tidw of an
surround an outer circunference of the substrate to

apppoenesisEly ittt aguldiashhppadefgred Ubgt amtuppddy ring
exhausting an atnosphere around the substrate to be

POLEDSH thvin gD wiedtad callb chekwesact ién abf f AR vasvdisately
menber and the outer circunferential wall of the first

€HPangilhr sHEse dift \WotradiagespRardeat@Per 1éwed ring
portion and an upper end of the outer circunferentia

porticefhaeEndira Aiodes ReetdodxbEaghi 8PpPekimaesly he
exhaust passage. 20 In the coating process apparatus

sELanghIgr tshdpe arte griotragiagt dowhwasdpr gher kb eiddiiclose
a base angle of an inside of the upper ring portion

06 ahpexiphdB) e lsubFiFate £B0BEUpbEcéSs€@rin hiie first
or equal to 24 degrees, but smaller than or equal to

ddpdegr £€sto WurtAin® diciofiterotitb@mEroREe! of | fige
portion should be greater than or equal to 10 mm
substrate to be processed, and

an exhaust passage substantially exhausting an
atmosphere around the substrate to be processed is provided
between the airflow control member and the outer
circumferential wall of the first cup, and

a space between an apex of the upper ring portion and
an upper end of the outer circumferential wall defines an
atmosphere extraction port for the exhaust passage.

In the coating process apparatus according to the
second aspect, it is preferable that a base angle of an
inside of the upper ring portion of the airflow control
member should be larger than or equal to 24 degrees, but
smaller than or equal to 34 degrees, or that a height of the
upper ring portion should be greater than or equal to 10 mm,

but less'than or equal to 18 mm, or that a base angle of an

inside of the lower ring portion included in the airflow
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but less than or equal to 18 mm or that a base angle

of an inside of the lower ring portion included in

the airflow control nmenber shguld be |arger than or

equal to 25 degrees, but snmaller than or equal to 35
degrees. It is preferable that the upper ring portion

and the lower ring portion be integrated with each
colttrol dndribé1s ghoxflex del dagalr thanodteéqual to 25 degrees,
circunferential wall of the first cup s%ould i ncl ude

but yshalllex athaterdd @jualitb, 35a8dga8es NCl heds iddferable
connected in a consecutive arrangenent to an upper

that othd heppear triia) paaitioandnianehiNedwe VLl %i)oﬂﬁ.%n be
upward, or that the inclined wall should be 1

apegrated efth redu dtnelr W th an outer inclined
surface of the upper ring portion. It is preferable

t hat mtpiﬁtf)ﬂéf@ﬁabi@rtkﬁé@%%&t@ﬁcﬁ%éﬁhféf:éﬁ%@i t@é‘ll of
airflowflowng into the exhaust passage be provided

thees dhyt GupsHEWE 18d wler & 89119&r§.5§1 ' Mtﬂé‘é’l Wedala,

constituting the outer circunferential 15 wall of the

&hd8 Sdn Clieclided Swvddefmalrlcg elindh Ehéoﬁﬁgéﬁﬁf‘v& oégzle'd ment
shoul d have such a structure that it fu i nc

foS&k Stilend @4 thedRrdrtdlchledall hn&@XPRAM A inwardly
obl i quely downward and outward from bel ow t he

SHOSEPWAR | QoD LHE10 %S Ahc13ndBakA1 20sREE & U5e Whi Ch
drains the coating liquid dispersed fromthe

8pPBbk Bhet rshrad 110 i1¢ad aaebwesf {RG1 Ahdd ! élﬂ‘face of
control menmber and the inclined wal of the second

€HE, uBHEr ari G betrean BSféisaﬁheWcE td Protrusi
nenﬁ%r and Jﬁ%qﬂiubstrate to bg processed de?lnggb ruston

ﬂbﬂlﬁuﬁéFéséinérﬁfdﬁﬁﬂﬂér%ioﬁa§§agﬁ afyfigﬁrfléﬁiﬂéslnto the
preferable that the second cup further shoul

EXRBuSt SPAsEAdE Sd FHovildeddhWESa1¢ of an upper end portion
of the inclined wall constituting the outer circumferential
wall of the first cup.

It is preferable that the process container should have
such a structure that 1t further includes a second cup
having an inclined wall expanding obliquely downward and
outward from below the substrate to be processed, a drain
passage which drains the coating liquid dispersed from the
substrate downward is provided between the airflow control
member and the inclined wall of the second cup, and a
clearance between the airflow control member and the
substrate to be processed defines a drain port of the drain
passage. Further, it is preferable that the second cup

further should have such a structure that it includes a

cylindrical vertical wall extending downward from a lower
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cylindrical vertical wall extending dowward from a

| ower end of the inclined wall thereof, the exhaust
passage and the drain passagge are nerged with each
other at a clearance forned between the outer
circunferential wall of the first cup and the
vertical wall of the second cup, and exhausting 5 and

ehdiofl rithearinaldmeideraddt thbreogh eh&oékdasy pdisage and
process container. It is preferable that the airfl ow

Uontdmd impdsyageh @itled meltgellawiitRUEat Stisdr atVay difddtrance
a vertex defined by mated inner edges of the upper

Eouhd D \isstweelg they idutes csrbugheredfidDamary RASItHeORirst
of the top surface of the substrate to be processed,

cup tdred fHee venaficad Wadli 6£dtERC5686nd D [ NEhd exhausting
substrate to be processed substantially strikes an

amdeiraiimialg A% Walrrield blie tAWBHgh! #0oPOEdm VE tl;"l’leb‘f)rocess
guided to the drain passage, or so that the airflow

¢omobditget.n a vicinity 15 of the periphery of the
substrate to be processed substantially ascends al ong

an innerig trg ré bR ltnaft the aHEE%wr baﬂt%’it:ﬁé}ﬂb&f‘%hculd

flowinto e exhaust passage via the atnosphere

e tTe0iat gt Aey tsuoﬁcﬁofﬂﬁ?nﬁhhﬁ hhGetbik hSSNRRid Y maiga

present i nvention here is provi ded a coat | 'ng

NNe SagP IR tthe WPpelOhAlNJoRer CPfﬁé %1{1 :l[c{ﬁSO N2 higher
substrate to be processed, conpri sing:

treah anigos itliosh Jfokte tbg §ﬁ§§&éét@ftﬂaé’esuﬂ§ﬁ%‘i%s%@ be

i n an approxi mtely horizontal posture a coatl ng

prctashbedlPHo/ tIRENdReSBoURiRg SRl %&%ed from the
predet erm ned anount of a coating Iqu| to a

substaetedito Wee prekeksaliCsthPs Pen P LLEF S %a@’ 1hi8r
hol di ng mechanism a rotation nechanlsn1 Ich rotates
1ML 15148 WaAlle otelthe lower ring portion to be guided to the
drain passage, or so that the airflow flowing in a vicinity
of the periphery of the substrate to be processed
substantially ascends along an inner inclined wall of the
upper ring portion and flow into the exhaust passage via the
atmosphere extraction port.

According to the third aspect of the present invention,
there 1is provided a coating process apparatus for forming a
coating film on a substrate to be processed, comprising:

a holding mechanism which holds the substrate to be
processed in an approximately horizontal posture;

a coating liquid supply mechanism which supplies a
predetermined amount of a coating liquid to a top surface of

the substrate to be processed held by the holding mechanism;

a rotation mechanism which rotates the substrate held
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- 7 by the hol ding nmechani sm and a process contai ner
whi ch accommopdat es the hol ding nechani sm and capabl e
of exhausting an atnosphere_agound the substrate from
a bottom wherein 5 the process container includes: a
first cup having an outer circunferential wal
surroundi ng an outside of the substrate to be

Py otles Jesil diangl meghatiilsid;0\wn@ont r ol  nmenber incIuding an
upper ring portion having a vertical cross section of
an aparpxosese! yontdiddr antildlacrr®daRdsPERE! Heh dithg
upward, and a lower ring portion including a first
NEEChaMEshn Paiid | ipdbIW ioFedxbdlvridg andadRyspRdsk f4ind the
an i nner apex of the upper ring portion by " a

SuBget £E &N fiesh | £HBtbond RPleirg@ft @l portion
horizontally extending outward froma | ower end of

the fthetproebssesorBaiindt iigb1uaed .2 second inclined
portion inclined outward and downward fromthe

hori zantaksPOEG) Mav A 41 QHtded AresmrbPen®i REN GRIETY

of the substrate to be processed in the first cup so

§§ri@h§d&ﬂ?ﬂﬁﬂi6ﬂt§¥d%?bfckheugﬁ85€9 %eOEotQES%focessed; and
substrate to be processed, 20 an exhaust passage

subst ant hatEyoRXxbenistd Qnéﬂbexati'ﬂ?ﬁgl'ggrhﬁ aﬁoﬂgﬂe{: ﬁing

substrate to be processed 1s provi bet we

Bortioy KOMAP a RIMEIcANELRE QEbE oncbfcéﬁﬁéﬁﬁiggﬁﬁately

wal | of the first cup, and a space between an

theanPREAT IdHbd AUrld %o@{iﬁd&.éﬁ APwHPAC! afdda O.Lovsé}e ring

outer circunferential wa i nes an atnosphere
POt o6k | Meling ¥ AihatexhedtheB2p828€on TheEnST Intkd Yk ward

of the coating process apparatus
and downward from an inner apex of the upper ring portion by
a predetermined length, a horizontal portion horizontally
extending outward from a lower end of the first inclined
portion, and a second inclined portion inclined outward and
downward from the horizontal portion, and provided close to
a periphery of the substrate to be processed in the first
cup so as to surround an outer circumference of the
substrate to be processed,

an exhaust passage substantially exhausting an
atmosphere around the substrate to be processed is provided
between the airflow control member and the outer
circumferential wall of the first cup, and

a space between an apex of the upper ring portion and
an upper end of the outer circumferential wall defines an

atmosphere extraction port for the exhaust passage.

The structure of the coating process apparatus
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8 according to the third aspect can be the sane as
that of the coating process apparatus according to
the second aspect except forgthe airflow contro
menber. Moreover, the upper ring portion of the
airflow control nenber used in the 5 coating process
apparatus according to the third aspect can take the

secerding ciartheathird agpectr cag perthensaie td¥ that of the
airflow control nenber used in the coating process

appaing Usrodaapipagatast hecseasny 66 PERé - sddnd raRgRt
i nvention provides a coating filmformng 10 nethod

éreépt SE @iy e vBl dwheonlkeve- lembet DeMEP@IVEY), the upper
process apparatus. That is, according to the fourth

251§ Chorfon NEE RIS RArF1BWE BbheRo1! HEhBei Susd® il ahed
coating film formng nethod conprising the steps of:

Bohting Précdrd lapadatuae akicee83ngdtbNtRE third aspect can
approximately 15 horizontal posture; adjusting

Pakeé t tSsdike AtrAidthdr@Va&oRheOLpBBFPLIng péPtion of the
approximately ring shape and the substrate relatively

LOr£ & "R s infenfdéiD vaed@AREkhEhabat Nfg pFdday %pparatus
control nmenber is arranged close to a periphery o

&8605aD5g red exHed fzotfd Rispeetsed and surrounds the
peri phery of the substrate to be processed, the

airfl Qlﬁ/e\(;ﬁﬁéééht MBSt 161 Ig¥H A b3 bl €B8ht1AGOE$1m forming
section ich gradual ly becones thicker upward from an

hethde tRNerd ahdyedey hd hB6ULDEe8cFPRdd bty
on the substrate to be processed 25 by supplying a

preeessr apprechanal | Mhdt 44, dakbeordifg €4 £RE Foitd Mpect
substrate to be processed and rotating the substrate

be BRe PHAEESTEHBRMAIC TRe?dd15NBr6028ed %! éShfhg £11m
over the
forming method comprising the steps of:

holding a substrate to be processed in an approximately
horizontal posture;

adjusting positions of an airflow control member of an
approximately ring shape and the substrate relatively to
each other in such a manner that the airflow control member
is arranged close to a periphery of the substrate to be
processed and surrounds the periphery of the substrate to be
processed, the airflow control member having a vertical
cross section which gradually becomes thicker upward from an
inside toward an outside; and

forming a coating film on the substrate to be processed
by supplying a predetermined coating liquid to a top surface
of the substrate to be processed and rotating the substrate

to be processed so as to spread the coating liquid over the
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9 entire substrate to be processed. In the coating
filmformng nmethod, it is preferable that the

airflow control nember in usegshould have a cross
section of an approxi mately rectangul ar shape defi ned
by an 5 upper ring portion having a vertical cross
section of an approximately triangular shape and
@iolrel Buls i do dBdpaock8¥BH.ring portion having a
vertical cross section of an approximately triangul ar
shaperaneh®r &bd i F idavken ng?ime thBa, Si€PiSfpreferabie
adj usting the positions of the substrate to be 10

BHAE ease h ¥ JW @ oRitrbl OmemBBE" oh ABEDSHouid'®ave a cross
substrate to be processed and the airflow contro

SESPLSn B0 U &iﬁro@ﬁﬁ%‘f@@?e‘kgeqaﬁgglgfgﬁﬁgﬁe WYL by an

having an outer =™ circunferentia I sur rounds

@pportSile pirdite navasG’ &t GelPiB81 %%ﬁz&f%o‘?%ar? _an

capabl e of 'exhausting froma 15 bottom

ECE AR o0 SR RS Il PRI TR, Ena
B s R A e ans, " S P Bl o Bh e o o

o Rty P % Shaf® ean HEPERIAu) ddimvara, ar
Bt P NE Y ok, BrBRSLeBD Chothe Mibdhmare £ ve

pPRodésded HY tHta13 210k B¥ntebl NRdmbYr MBHEd QL{?ﬁ{]rate to
d 1 s hi gher

edges of the upper an ower ring portions

Scedsd tdrd t9fe taa%fhgs& aBhtase Rbmbde si&flﬁtd %C?e

e processed. 25 Accordingly, the coating |1 qui

b8
46k6ind fa B PR 3 PrldcBLL! BBnLANRSE ALO1AQ A dULessed
w p ner

can be gui ded bel the process contal y causing

EPEGRALF 1 d 0WA 1f Gnibh KBr®BubBE an outside of the

substrate to be processed and capable of exhausting from a
bottom thereof, andat the step of forming the coating £ilm
by rotating the substrate to be processed, an atmosphere
over the substrate coat should be taken in the process
container from between the airflow control member and the
outer circumferential wall. Further, it is preferable that
at the step of adjusting the positions of the substrate and
airflow control member, the airflow control member should be
laid out in such a way that a vertex defined by mated inner
edges of the upper and lower ring portions is higher than a
position of the top surface of the substrate to be processed.
Accordingly, the coating liquid which is dispersed from the
substrate to be processed can be guided below the process

container by causing the coating liquid to strike on the



10

15

20

25

- 10 inclined surface inside the |ower ring portion.
According to the coating process apparatus and coating
filmformng nmethod of the _prgsent invention can
suppress the influence of an airflow, which is
generated when the 5 atnosphere around the substrate
to be processed is exhausted, on the periphery of the
Indibined esurfdee Aneddssete 3o6wbbaring poradiavi ng a
uni form thickness distribution over the entire

subst re¢eraniy beo fHdRbatliBld Proeessr hpphPAt®E and coating
Drawings] 10 FIG 1 is a plan viewillustrating a

SLNE NEdiking infetHod @£0thd peekeht CORNMEL SN tan suppress
devel oping system FIG 2is a front view _

thé UBAF Biddte (J¥e a3CREF bk, ShiEhULS généf@técf%{(@n the

coati ng and devel opi ng system FIG Is a ba Vi ew

athoSpredtd Nrddifa SHeRibstrala %}arGBeZ Br6c8isdfeid eshtdustea,

coating and devel oping system F IS a Cross

SECEhO P r iy [dfuthedshiBgti-Aee §Shﬁéﬁﬁfféﬁgé' ,tﬁggthat a

of a resist coating unit; FIG 5 is an ‘en ged Vi ew

Pilrﬁlrha"sfiﬁl?gf R idhiFldem 4hickh®ssO841 58 APuEid ac?ﬁ-fécog:%ea entire

di agr am ustrating the 20 schematic structur
SEPSESSE WarPThLCHRAAL I Ve Exanple 1; FIG 6B is an
explanatory diagramillustrating the schematic

structure of arBr9&eeSHeSHPi R diGidsaml e 2;
25 FIG 6Cis zEm egpl aﬁaﬁ%gﬁﬁg%nﬁ%ﬁuﬁati ng the

SCNeMBEGS BUL4ICA i arPly 2P 1AGRRTra g ad0chflpl &

FIG 7 is a graph illustrating ranges and value of 3s

structure of a resist coating and developing system;
FIG. 2 is a front view illustrating the schematic

structure of the resist coating and developing system;

FIG.
structure
FIG.
schematic
FIG.

FIG.
schematic
1;

FIG.
schematic
2;

FIG.
schematic

FIG.

3 is a back view illustrating the schematic
of the resist coating and developing system;
4 is a cross sectional view illustrating the
structure of a resist coating unit;

5 1s an enlarged view of an area A in FIG. 4:
6A is an explanatory diagram illustrating the

structure of a process cup of Comparative Example

6B is an explanatory diagram illustrating the

structure of a process cup of Comparative Example

6C is an explanatory diagram illustrating the
structure of a process cup of an Example;

7 is a graph illustrating ranges and value of 3s
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- 11 of resist filnms forned by using the process cups
of the Conparative Exanple 1 and the Exanple; FIG 8
is a graph representing changgs.in thicknesses of
resist films in the radial directions of wafers, the 5
resist filnms being fornmed by using the process cups of
the Conparative Exanple 1, Conparative Exanple 2 and
¢t ere hetnFHidmsFiFGrm@dl Byaugiaghthe Ppesess s JFrGe
in the thickness of the resist film formed by using
Compaxrariess Exbiplep 10andhehExeR@hple} N t he radi al
direction of the wafer, wth a exhaust pressure

changruG. a®did|{5grph TepreisentifgCthangts Vi®Whicknesses
illustrating the schematic structure of another

SESESLSOFING U ithe FBAShIMISPeéOloka o8 IviEdRY, he
Present invention] 15 An enbodi nent of the present

YLt | ONnY IHe 10PVEBemedC B 1BSHg! PrdlefFddedd tdips of the
reference to the acconpanied drawngs. In this

CHRSABRle ERp13KEN 28mPRrax¥ 208! BxdmpPe J SHPithe
coati ng and devel opi ng apparatus that 1ncludes a
Efshsie coating unit which forms a resist film by

applying a 20 resist liquid to a sem conductor wafer,

and CRfGESY 0L & grH SepledenRdagS8SchaRgetI§ the
formation of a resist filmto thé devel opnent

thesledss Gtk r2s3 stCRSARL | §oPhal vy eﬂ\éiﬂi:%{é' %cfs&gs

a resist coating and devel opi ng system 1,

EGPNGE IR BXandI@, €Qh, tRBIrEhFa13al Selt PG 0t/ 118V wafer,
3

thereof. The resist coating and developing system
ﬁﬂmrém@ﬁaﬁ%@%ﬁt @hhﬁﬁed}oaﬂé a convey station,

a process station 11 having a

FIG. 10 is a cross sectional view illustrating the
schematic structure of another resist coating unit.

[Best Mode for Carrying Out the Present invention]

An embodiment of the present invention will now be
described in detail with reference to the accompanied
drawings. In this embodiment, one taken as an example is a
resist coating and developing apparatus that includes a
resist coating unit which forms a resist film by applying a
resist liquid to a semiconductor wafer, and caries out a
series of processes from the formation of a resist film to
the development thereof.

FIG. 1 is a schematic plan view illustrating a resist

coating and developing system 1, FIG. 2 is a front view

thereof, and FIG. 3 is a back view thereof. The resist

coating and developing system 1 comprises a cassette station

10 as a convey station, a process station 11 having a
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- 12 plurality of process units, and an interface
station 12 for transferring a wafer Wto a
non-illustrated exposure apparatus provided adjacent
to the process station 11. The cassette station 10 has
a cassette-placing table 20 5 where a wafer cassette
CR capable of retaining a plurality of wafers (for
pINStEIUS; o35 piicelss) unitBl, 2688 8A ik€erface station 12 for
cassette-placing table 20. A wafer cassette CR
tEaFEatid G Walrels W\boabfoRL e eeserhidl i dRileSt
coating and devel oping system1 Is conveyed to the
EpsEFit s PrRiieal @djakkat2@o0tnt Nersdssetdansilaat i1an
10 from anot her system By way of contrast, a wafer

casserhe &assSEEOIRARdd 0Vfag" 8 E\ésgéﬂ:@g%g& Ytable 20

been processed in the resist coating and el opl ng
wNSEEM ]wd&xcq”‘!a@s%@tlgublzt %?EB&BG £ SYStEMIPLE giffality

cassette-placing table 20. 15 A plurality o
P Felal ' QRS a i he R )yl
GESVAEOES N ARl A ALRUE) | 1o ifaced oty
a5 gt OhIdbdildCrablober AaRagLECSaldbale dit aced in
a line at the’locations of the positioning
j ' ' hei.r t].etdyinl t ;
LRSS Sfcert V) o1 B! BLEEQHIIE' (U e hating

£RESEY &L dPRng (R tea & sméoﬁbgggﬁr gﬁﬁkiéhss?ﬁﬁ?-placing

approxi mately horizontal postur along a ver a

ﬁ/%ﬁf&ti@rbf 41l 'G5l %EaE&SHe%ng}&ﬁdaﬂﬂt?é}/ Avitem. By

reover, the cassette station 1 0 has a wafer

\gg%w@ﬁ' i%WniasWa%larv‘@hﬁgeiegvéﬂg?ée%%ﬁfrwe wafers W

ween the 25 cassette-placing tabl _
S, B . I {CORYEY G
FEPRET PLelar ek RIS S6TBAEIL LD
886 YGh £ilg CRA&n @ GsRcbfried out to another system from

the cassette-placing table 20.

A plurality of positioning projections 20a (four in FIG.
1) are formed on the cassette-placing table 20 along an X
direction in FIG. 1. Wafer cassettes CR are placed in a
line at the locations of the positioning projections 20a,
with their wafer outlet/inlet ports facing toward the
process station 11. In the ware cassette CR, the wafers W
are arranged in approximately horizontal postures along a
vertical direction (Z direction) at predetermined intervals.

Moreover, the cassette station 10 also has a wafer
conveying mechanism 21 which conveys the wafer W between the
cassette-placing table 20 and the process station 11. The
wafer conveying mechanism 21 is movable in the layout

direction of the wafers W in the wafer cassette CR (Z
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- 13 direction) and the cassette |ayout direction (X
direction), and has a wafer-conveying pick 21la which

i s novabl e back and forth.igza.Y direction

perpendicular to the Z and X directions, and is

rotatable in a horizontal plane (X-Y 5 plane).

Therefore, the wafer-conveying pick 2la can

dbrectiote) Jaral ages caslsette\\lagoatmatpéeticd (X direction),
predeterm ned positions in the wafer cassette CR

ph@ceds on vidFercatfieydngpbaeknglaakhecrk Ois aisablle Hask and
access an alignnent unit (ALIM and an extension unit

f6240 Lol OnYidigdot idn PeirPeh@1BuDEESEO SBE | Parfd 0f
the process station 11 to be described later. The

81 p6€6Fo1ed Atdrd) 1kl rAatabeePif! 8l hb¥1ifbnPAPGEEMe YXH-S
for carrying out a series of processes when a resi st

p0ahé NY aKbrEEREHOP N walfed-E6RVEY1hG g¢&& afa i | ed

out 15 for the wafer W The plurallty process units

88 LecBivang fbddy wéfe@sewShaQSﬁma&a@é&d&E Praditrmined
positions. In each process unit, the wafers Ware

PooLESSRS Bl wHIRr c@%sbkkéstﬁabfgcé@ & Gne cddiette-

process station 11 has a wafer-conveying passage 22a

platheg CBAB RS 1 tdr dalhea88b, adBe¥bi 48 é‘lf@d:ﬁlaﬁ’@ftﬁ{it

conveyi ng nmechani sm 22 i s provi ded at the

AL BV ) CORY S G RITIRGE uAdd. (AkYr) Obe 1H8gPEPCES Sa Wik

are provided around the wafer-conveyi ng passage 22a.
EPSc@l;é‘r@éctﬁr?‘iﬁ,s%fuﬁhés?%@e§§p§lfﬂﬁﬂ) iRt Q:oabe described

plurality of process sections in each of which
Pheeal ity of process units are 25 laid out in nultlple
stages along the normal direction. As illustrated in

FIG BnelPLolBks ¥6d€iof A HE"Ghe"pi2ALSFY 285! Srocess
structured that it- has a wafer conveyi ng

units for carrying out a serlies of processes when a resist
coating and development of a resist liquid are carried out
for the wafer W. The plurality of process units are
arranged in multiple stages at predetermined positions. 1In

each process unit, the wafers W are processed one by one.

As illustrated in FIG. 1, the process station 11 has a

wafer-conveying passage 22a at the center portion thereof,

whlle a main wafer conveying mechanism 22 is provided at the
wafer-conveying passage 22a. All of the process units are
provided around the wafer-conveying passage 22a. The plural
process units are separated into a plurality of process
sections in each 6f which a plurality of process units are
laid out in multiple stages along the normal direction.

As lllustrated in FIG. 3, the main wafer conveying

mechanism 22 is structured that it has a wafer conveying
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- 14 device 76 elevatable in the normal direction
inside a cylindrical support 79. The cylindrica
support 79 is rotatable by yhe _rotational driving
force of a non- illustrated notor, while the wafer
conveying device 76 can 5 rotate integrally with the
cylindrical support 79. The wafer conveying device 76

dedice PlalledleviatadilenahdicAg AbPRaY 8aiFEMAHYE inkildee a
back and forth directions of a convey base 77,

LRI ddle sepploan0g 90l the walena bet Waishde 79 is

respective process units is enabled by the plurality

Ptdivli byitie dtatlofdli aLivingt£sdd &F G ftfé)n-i 2 ;

the resist coating and devel oping system1, ur

1 TR H RIS RO, ORPiTR: tiR: wiPer %p@g{agg edae?z'i.al&l ';ﬁe can

| ai d out around the wafer-conveyil ng

e Py, e TR P BB  Hihpes, B ame
R ng RoytPe TRchak KRl AN SEHREHAY ams 7o
REPEER, SET B0k By FRReh B-PALRSEE ok o sy ingpe 7.

Wi }ﬂrﬂl\@ el nAdlyRc BRt tég &Qfeﬁieﬁtzlgét}‘v%?eja gttl}aet ig:% lp}ﬁétive

A fiftth process séction can . t
' t ' i e stem
4855 e WO gt SOSLLR e SV LE ARG s 7o,

secti g iﬂusff’%ﬁ eI, ﬁ?aibnghgnfégé{.éefg%aeig{nf and

spi nner type, Ich carries’out a predet
SOSAL fIENS ALeoR PR AR R A%y o
é’r&i tCﬁ SPEV)acetlai‘lg pig:[‘& roﬁi%’ paer.‘odm\M1 it‘ﬁ% g:?%glrggogveying
pattern of a resist, are placed one on
passage 22a. The first and second process sections G; and
G, among them are laid out in parallel with each other at
the front side of the resist coating and developing system 1
(the front side in FIG. 1), the third process sectlon G; is
provided adjacent to the cassette station 10, while the
fourth process section G, is provided adjacent to the
interface station 12. A fifth process section Gs can be
laid out on the rear side of the resist coating and
developing system 1.

As illustrated in FIG. 2, in the first process section
G1, two of resist coating units (COT) of a spinner type,
which carries out a predetermined process on the wafer W
Placed on a spin chuck (not illustrated) in a coater cup

(CP), and two developing units (DEV) of a spinner type,

which develop a pattern of a resist, are placed one on the
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- 15 other in tw stages in order fromthe bottom

Li kewi se, in the second process section &, two
resist coating units (COTL gk a spinner type and two
devel oping units (DEV) of a spinner type are placed
one on the other in tw stages in 5 order fromthe
bottom It is to be noted that the structure of the

otamEstinc Al Bgageist inCoFden Froheti At | AlikewhB8e, in
detail. As illustrated in FIG 3, in the third process

18C deondCprodelssi BEOLOVANG] Y ARG 1REeSE eahtinynhﬁbts
carry out a 10 predeterm ned process on the wafer W

(MEEE®On dpiuseePt9pe SRAatFo PASFESLLNRYy thi%_ot('ib%b&i Bf a

mul ti pl e stages. Specifically, an adhesion un|t
SplireIC AfyipeC ar@lpl1aced- ohd! b dthy Barlob £ g,egoin
enhancing the fixability of a resist, an a |gnne
ottidr (F¥eMthleOboRebMOr NRY; &l t&nﬁ@rﬁoté'ds ﬁ%te%%n?tgﬂcture
unit (EXT) which carries the wafer Win an

e f r
O LS RABE g Tl FEOBFIFEITY BBl por

deaditreatnents on the wafer Wcoated with the resi st
liquid or the wafer W havi ng under gone an exposure

procegs IudY el QRe Fae .29 anpt gﬁécoo 35 %se;( g&%)tion

stages in order fromthé boftfom

¢RYmigtRpo¥i §66n | Waltﬁﬁoégsé hnid's %qgﬂt c kt o{.@L%M

and may be provi de an allgnnent uncf

Prddte RiINedS proeeksoBn Ctne | Lifei I ﬂlrﬁcfe o%r %C %%%ceptor

section G3, oven type process units -are

9% aged fRean oﬁ@%heanbehay' 1h Hh&1 SLAYES alqé%t I s,

cooling plate unit (COL), an extenS|on coolng plate

SﬁBdiﬂﬂggiqu)aﬁsaﬁh@@ESE LhPPS{AS) TRIRE! JBV1NE But a so-

cooling pla
called hydrophobic process for enhancing the fixability of a

resist, an alignment unit (ALIM) for performing alignment,
an extension unit (EXT) which carries the wafer W in and out,
a cooling plate unit (COL) for performing a cooling process;
and four hot plate units (HP) which performs heat treatments
on the wafer W coated with the resist liquid or the wafer W
having undergone an exposure process are placed one on
another another in eight stages in order from the bottom. A
cooling unit (COL) may be provided in place of the alignment
unit (ALIM) and may be provided with an alignment function.
In the fourth process section G, like the third
process section G;, oven type process units are placed
placed one on another in multiple stages. That is, a

cooling plate unit (COL), an extension cooling plate unit

(EXTCOL) as a wafer transfer member having a cooling plate,
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- 16 an extension unit (EXT), a cooling plate unit
(CAL), and four hot plate units (HP) are placed one
on another in eight stages ijg arder fromthe bottom
When the fifth process section G5 is provided on the

5 rear side of the main wafer conveying nmechani sm 22,
it is novable sideways as seen fromthe main wafer

a resete g onreniiani(EXT)2 al coglanguplate auatit?N.COL), and
Accordingly, even if the fifth process section G5 is
Poww ilted plateoanitan (Hp) aeeupkdchbi 6hé b GaridtiRiOAd eight
the guide rail 25, so that a 10 nai ntenance work for
s$tegemiin wafder caovethegbseebmni sm 22 can be easily
carried out fromthe rear side thereof. As illustrated

i n FlW@%n ltke df 26 tH Rrddeisey fsaet 19hatl oy Prdbviaed bah the
structure that a portable pickup cassette PR and a

fexeteinl for 19as sRline wBRe2 Bohdb¢ifY i méondOsn®tB0eS tOR g
15 its front side, a wafer edge exposure device 23 on

Hov&ile i dbwdyea@0lseeandramaher mEQﬁ‘VﬁHf é‘.lg EBBRRAAINYM
24 at the center portion thereof,. The wafer

ROGHVAYI g TP EHHS A Fhiaas raiaber - Cﬂ@é’&‘/&ﬂg%lﬁr Byt i £
The waf er-conveying arm 24a can nove in th

the eELf €1 Frbddil ddctdan &g ces spRekiudy, t‘—h&o%ﬁ%ﬁht 8&
PR and BR, the wafer edge exposure devi ce 23, the

S¥&ERed Wy Wl 1aindPMb aleebuend gﬁiaeerépyrm MO a
section 4 of the process station 11, and a wafer

hatncdredind@ er FJr thlel h&&hah&ﬂéroéoﬁ0§¥f%§Qﬁéﬁﬂhnism 22

apparatus adjacent to the 25 interface ation
E85 PSS tdaely M¥irdiRd bultS £iBhatRB! febP sidle Aidigsnt al

pl ane and is novabl e back and forth in the horizontal
pl aneas illustrated in FIGS. 1 and 2, the interface station
12 has such a structure that a portable pickup cassette PR
and a fixed buffer cassette BR are laid out in two stages on
its front side, a wafer edge exposure device 23 on a rear
side thereof, and a wafer conveying mechanism 24 at the
center portion thereof,.

The wafer conveying mechanism 24 has a wafer-conveying
arm 24a. The wafer-conveying arm 24a can move in the Z
direction so that it can access both of the cassettes PR and
BR, the wafer edge exposure device 23, the extension unit
(EXT) included in the fourth process section G, of the
process station 11, and a wafer transfer table (not
illustrated) of the exposure apparatus adjacent to the
interface station 12, respectively, while it 1s rotatable in
the horizontal plane and is movable back and forth in the

horizontal plane.
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- 17 In the above resist coating and devel opi ng
system 1l, the wafer cassette CR accommobdating the
wafers Wto be processed leglaced on the
cassette-placing table 20, the wafer-conveying pick
2l1a accesses the wafer cassette CR, 5 takes one of the
waf ers Wout therefrom and then conveys the wafer W

to theneghéensbre WididtEebatahgt Baal BbvE18p LG SFystem 1,
section G3. The wafer Wis carried into the process

shatwarerd bddsabtd bR %éb%ﬁﬁb@&tﬂﬂgt thEXIA £ s W&o vpker

conveyi ng device 76 of the marn waf er conveying

LN 122 pINBEG ohh%h\éfaf;sgsx\été plaenes abitd®o, the

alrgnnent unrt (ALIM of the third process section

i gilkk Qciaeabeasgagttﬁé\%f@fldca f'é CR,

hydrophoblc process S process) 1Is per or ne
95.1@1% dife ﬂ‘r@f@%éf&%s ergltl 'tf1¥r8£ %é%f ctol?ﬁreys
MDS process 15 |nvolves heat i ng,

Eﬁi@t ( CO_)VP Qe qﬁé %te‘ﬁg'fi%ﬁyﬁgﬂ: 0 &ﬁ:g@b C@Pl ’ tq"lnlgftdte Iﬁ)é:r?cess

conveyin
WN there Subsequently, t he mafer W cool ed
%%ﬁ%ﬁg%q%he cooling plate unit (COL) after processed

in the,adhesl Py yetﬁg)ed 1228cO%nd BSES%{V %‘g%g:borbalsl from

not been processe t he adhesl n uni

e&gvgmshgfbﬁ hend d;gs(leér)cgelt LRg Hak ﬁ %Br%t&%me 76 of

conveyl ng vice 7 coate

FhOUhdin LREEED el e?ilﬂtg;; ﬂle(:ﬁ?}elrig\w bb m (ItléJ:m el R&r{gr W is

this coating proces I's conveyed to

hiEqhed, ) e Aol that EaL ) 0P CAE1 85F Wil
gggﬂféfg%}ocogggygﬁ Egetﬁgoédﬁgkfgﬁu&hf%“ iﬁ)(cghh Eﬁen a

e co d
hydrophobic process (HMDS process) is performed in order to

enhance the fixability of a resist. As the HMDS process
involves heating, the wafer W after the HMDS process is
conveyed to the cooling plate unit (COL) by the wafer
conveying device 76, and then cooled down there.

Subsequently, the wafer W cooled down at the cooling
plate unit (COL) after processed in the adhesion unit (AD),
or a wafer W which has not been processed yet by the
adhesion unit (AD) is conveyed to the resist coating unit
(COT) by the wafer conveying device 76, coated with a resist
liquid, thereby forming a resist film (film).

After this coating process, the wafer W is conveyed to
the hot plate unit (HP) of the third process section G; or
the fourth process section G4, pre-baked, and conveyed to

one of the cooling plate units (COL) to be cooled down.
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- 18 Next, the wafer Wis conveyed to the alignnent
unit (ALIM of the third process section G3, aligned,
and then conveyed to the Ln&grtace station 12 via the
extension unit (EXT) of the tfourth process section
&A. 51n the interface station 12, a wafer edge
exposure process is perfornmed on the wafer Wby the

waf erNGelge t1RX RRTEe WY e8nddyelinehehbife MY inMh A linit
excessive resist. The wafer is then conveyed to the

EXPOBIGE ANARRLYE bPBEesk! héé%@ﬂ eg) RiPYhEEd L ttHen

the interface station 12, and an exposure process

S REFP YR EHRN ihb&%rkﬁélésgtg:#,gh oy the, A tWhisH of gnit

predeterm ned pattern. The wafer WeXxposed is returne
(X N od M ff?:‘&‘i‘ths%ﬁ%b@gslgec@fgntﬁf“.n conveyed to the

extensi on unit (EXT included In the fourth process

; . hagi
Noxt | 28 pite Antoiiratl SeablonOn¥CY b flafRE 8 Wthare
éi#% & i éﬁ@&fﬁeﬁyokogﬁghwgf€%6§2%%sfﬁé'dﬂ%é@seﬁyegn

e waf é&r conveyi ng device post- exposur

SR SRR Reesin- Ol o LIE JBLSIa epter.
e SRS 125000, oy B0 ORY U e B0R0 o

o B B T . e
sevéel jprg%eets% itgL Prx\gk Srm8aVEx egh% ?%éng%‘p %161349 A€ the

uni t process sec

WREdr BRKiNG ié%ed%%f;ﬂ.&ﬂsa- paPEe ¥R €r Wuhich has

under gone su a series of  processes is returned to

the cags e&é@eftﬁté.:&%s]e% \.Il.isa IIetEﬁrned to the interface

station 12, and then conveyed to the extension unit (EXT)

included in the fourth process section G, by the wafer
conveying mechanism 24. Next, the wafer W is conveyed to
the hot plate unit (HP) of the third or fourth process
section G; or G4 by the wafer conveying device 76, and post-
exposure baking is performed thereon. While the wafer is
cooled down to a predetermined temperature in the post-
exposure baking, it may be conveyed to the cooling plate
unit (COL) and cooled down, as needed.

Then, the wafer W is conveyed to the developing unit
(DEV) where the exposed pattern is developed. After the
development, the wafer W is conveyed to the hot plate unit
(HP) of the third process section G; where post baking is
performed. The wafer W which has undergone such a series of

processes is returned to the cassette station 10 via the
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- 19 extension unit (EXT) of the third process
section G3 and acconmpdated at a predeterm ned
position in the wafer cassefjlge_CR Next, the resist
coating unit (COT) will now be 5 explained in detail.
FIG 4 is a schematic cross-sectional view
illustrating an enbodi nent of the resist coating unit

&P siorhidnd tFI(EXT) bE fheebhargeprodceys idddiSionaE; ngnd
an area Ain FIG 4. The resist coating unit (CQOT)

acrguncitedl ¥Y @ pebdekefmhiheddpogitien i etheMiaEean
approxi mately horizontal 10 posture, a rotation

Fasdetites gRA2 Which rotates the spin chuck 41, a lift
mechani sm 43 which lifts the spin chuck 41 up and

down, Néx ¥ OEes Sreéais O @oultiitly angemedeal eﬁlib%&plﬂé
chuck 41, and a resist coating nozzle 91 whi

SR esd an IRYadfl.! | ggd #oikhg &@ﬂeﬁﬂ{@%dﬁs-@é%tlonal
waf er W hel d by the 15 spi n chuck 41.

Ve | 11148 trRftaGhd lalnt 8bbHAmEAL! of FERE ré&f% d&atdn ng unit
clean air from above the process cup 50 as a down

SRy d WHIELDIFAES S Q%paﬁoen]:ﬁ?géﬁsirféw CORE 193 %n area
91 is held by a nozzle holding arm92. The nozzl €

Aolgli; ard) 9&mes rERiakl BoatPn§etNBeEN(ETE) SoMp¥ises a spin
portion of the wafer Wand a standby position (not

Shee) 4 PHSIdihd RRePkaEBES WC At 8h N8ppRYx fina tIRZ IHdrizontal
nmovi ng nechani sm 93, conprises a horizontal direction

POYE s Mt hagtiatilonU fle chtind sil UdCwABERAROEMREY the spin
rotation nechanism and a |ift nechanlsn1(vert|ca

shigetipnal 1M RechanT8mhaBi gflch M1iLEY Sfhe I N (AR 41
hol ding arm 92 can nove close to or away fromthe top

Sprdmdeadin t he pﬁ!"éfc%rssV\éuEhSO wﬁibﬁt abbohthdhid e s WHY i3 n

to the resist coating nozzle
chuck 41, and a resist coating nozzle 91 which supplies a

resist liquid to the top surface of the wafer W held by the
spin chuck 41. A non-illustrated filter fun unit (FFU)
provides a clean air from above the process cup 50 as a
downflow toward the process cup 50.

The resist coating nozzle 91 is held by a nozzle
holding arm 92. The nozzle holding arm 92 is movable
between the center portion of the wafer W and a standby
position (not shown) outside the process container by a
nozzle moving mechanism 93, comprises a horizontal direction
moving mechanism such as a slide mechanism or a rotation
mechanism, and a lift mechanism (vertical directional moving
mechanism). Moreover, the nozzle holding arm 92 can move
close to or away from the top surface of the wafer W. The

resist liquid is supplied to the resist coating nozzle 91 by
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- 20 aresist-liquid supply device 94. The spin chuck
41 chucks and holds the wafer Win a vacuum ng manner
by a non-illustrated chuck-mgghanism The wafer Wis
chucked and held by the spin chuck 41, and a 5
predeterm ned anmount of a resist liquid is supplied to
the substantial center of the wafer W after which

d hesipt liguidk sppilly devatedoby the rotation
mechani sm 42, thereby formng the resist filmon the
waf erThé $pin hihudk ME, chilekspaadehsl1asptihd watdreo S
excessive resist liquid dispersed 10 around the wafer
Wil duumirid enandledt by aThonphidLlessrated Sbhganefedlanism. The
conprises a first cup 51 so provided as to surround
wdEe® W Siglehickidde andfl Ae 14V b@anthai spioveramik r4al, maaber
52 so provided as to surround the wafer Win the

prédd textipidell iamoune BECANkb¥ist 1hguy@fey pphIieddodthe
second cup 53 provided bel ow the wafer W The airfl ow

S@hd ta t TRTRRhter bF ¢ABNRaEEH WO APfePalKhdiP tHe spin
first cup 51 by link nmenbers (not illustrated)

ohet ded B fJtdtRla blyoeski PBEabloh RePRANINET42, thereby
thereof. The first cup 51 has an outer circunferentia

PGty ache? Gdi@tuding dnC¥hengakeal wlirgt Merd itadle, the
wal | la and a first inclined wall 71b connected in a

FEOSESI tduE 5 I[RARB! ahOexd8sHPPET r&8fkOf1 1A d idispersed
vertical wall 7l1a and inclined inwardly and upward, a

aybundriralwafeddive radinl thdbwaeayiged inwardly of the
first vertical wall 71a, and a bottomwall 25 61c. The

ai r f | oMe CORbESEs TP H0 YenledR1ayCcompre8esi 2Nefst adup 51
approxi mately rectangul ar shape defined by an upper

£6 NSroPRidd AL &2 Jhdrolddathe08at8€4L | 6P Be afhfer W, an
appr oxi matel y

airflow control member 52 so provided as to surround the
wafer W in the first cup 51 in the vicinity of the wafer W,
and a second cup 53 provided below the wafer W. The alrflow
control member 52 1s connected to and held to the first cup
51 by link members (not illustrated) provided at plural
locations on the periphery thereof.

The first cup 51 has an outer circumferential wall 6la
including a cylindrical first vertical wall 71a and a first
inclined wall 71b connected in a consecutive arrangement to
an upper end of the first vertical wall 7la and inclined
inwardly and upward, a cylindrical middle wall 61b provided
inwardly of the first vertical wall 71a, and a bottom wall
6lc. The airflow control member 52 has a cross section of

an approximately rectangular shape defined by an upper ring

portion 62a having a cross section of an approximately
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- 21 triangul ar shape and protrudi ng upward, and a

| ower ring portion 62b having a cross section of an
approxi mately triangul ar shgpe_and protruding
downward. The upper and |ower ring portions 62a, 62b
may be fornmed integral with 5 each other. The second
cup 53 has a second inclined wall 63a expandi ng

el el ' @hapel awdt eovehainyV pwerd, ahd eblicwes! ¥ing

downward and outward, a cylindrical second vertica

Pt i A8 2P HaRANGd al Brés§0BE8EULH VEE M U PBAmat_ly
the | ower end of the second inclined wall "63a, and a

201 SV | tpei ARG p%'i:'kﬁﬁfﬁ% d&dhwS3E, Pl dfber_and
i nwardly of he m ddle wall ®lb of the first cup 51.
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bet ween the outer circunferential wall 61la an

&hé | PMercONtThel sBBRAr cag 58 HAdi & M%ﬁ&&%}iﬂe R1

the lower ring 15 portion 62b and the secon

854 | esitha i3y otharal £4bRl BePowSERE ﬂfé’@qgg:%e an

exhaust passage 55 and the drain passage

TELARSIY (R onY chiveeliT] Ao, .
SRR Y 598 SRR o8 AR S e e brrpaement: o
Blp SRR nd TR, sPrb R AR FRE S Pl T
FLB Lo IRE TerupBeR? AL Boo S Aty of
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the exhaust room59 is forned. A drain tube 75 is

attachgdeh @ pAScelidhPYd, Gh g%'thh%aﬁassé&?‘“% {14 %rmea

73 is attached to the “exhaust por
between the outer circumferential wall 6la and the airflow

control member 52, a drain passage 56 between the lower ring
portion 62b and the second inclined wall 63a, an
exhaust/draln passage 57 where the exhaust passage 55 and
the drain passage 56 to be merged with each other is formed
between the first vertical wall 7la and the second vertical
wall 63b, a drain room 58 is formed between the outer
circumferential wall 6la and the middle wall 61b, and an
exhaust room 59 1s formed between the middle wall 61b and
the inner wall 63c. A rain port 74 is formed at that
portion of the bottom wall 6lc where the drain room 58 is
formed, while an exhaust port 72 is formed at that portion
the bottom wall 61lc where the exhaust room 59 is formed. A
drain tube 75 is attached to the drain port 74, while an

exhaust tube 73 is attached to the exhaust port 72.
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- 22 A non-illustrated exhaust apparatus is provided
at the downstream of the exhaust tube 73, and the

at nosphere around the wafer i_s exhausted fromthe
bottom t hereof via the exhaust port 72 by the
activation of the exhaust apparatus. 5 In the resist
coating unit (COT), the exhausting of the atnosphere

ar ounsl fidve- Vet r\Wtedd TxbSaH 'b%blﬁaﬁﬁé_ri@dp:?&%jhdeéd At the

t he exhaust passage 55, while the draining o

déwisStirednl @ dndi SRALESY LLBE ¥5¢ 4Rd SfnVatMIsphdrR! @¢ouna

is substantially carried out via the drain passage

8 wared @ 96 %Eb‘ﬁh:u?& egg @rHﬂetHé Ot Fhn ‘"ﬂl%{léééb?’v \é% the

expl ai ned i n detali Il1lTustrated In

gyt 7553 | ‘E.Iltahﬁctii?gﬁﬂéﬁ FASeY ust_apparatus.

(hereinafter, nosphere extraction por

15t Py GRS Pt e g0 e
%gﬁ@égrﬂéfw_a‘}%&nido [Eﬁgzaa%.tert el é&ﬂ)%&%l{%r)%%ﬁ out

hat is, 1n the resist coating uni

A Ao &8 a tﬁ’%gsi?g?‘e?’g{'/\}w feiﬁl@r&)ﬂﬂm%ﬁtgﬁl\%% Fesist

and upwar of t reover, a resi

1140la Wbdeiodd I8 whBSLS Jhdh fhifdd i I nto

the dral n"passage i's forne ween e Wafer W

és}@ciaa'ﬁg iR QLeMeahety ﬁ%rJg}g f%lré’%qoews%om 79le

nmenpber 52 i out close to h “such “a

e‘-!maﬁé’l?fnf i teheY g?%n.é?.ﬁgg %??i]z t %{;v'v il dexﬂfg:ﬁltﬁds F?L%t :d%ﬁail .

narrower than a w nosSphere "éextrac

bort Reai1 ARCOKLAW! oy At 8 MRRPHEHELEE OBOLk 108, 2% the

wafer Wi's y to flowinto the exhaust passage

ot R Y URMTAEND, POk Sl dchon
]5@13&'8} :Il.é qi‘éjx%eq %ierll_ween an upper end portion of the first
inclined wall 71b of the first cup 51 and an apex of the
upper ring portion 62a of the airflow control member 52.
That is, in the resist coating unit (COT), the atmosphere
extraction port 55a is provided outward and upward of the
wafer W. Moreover, a resist liquid inlet 56a for allowing a
resist liquid to flow into the drain passage 56 is formed
between the wafer W and the airflow control member 52.

The airflow control member 52 is laid out close to the
wafer W in such a way that a width vy of the resist liquid
inlet 56a is narrower than a width a,; of the atmosphere
extraction port 55a. Accordingly, the atmosphere around the
wafer W is likely to flow into the exhaust passage 55 via
the atmosphere extraction port 55a, but it is difficult to

flow into the drain passage 56 via the resist liquid drain
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- 23 port 56a. Thus way, the exhausting of the

at nosphere around the wafer Wis substantially
carried out by the exhaust _ ?ﬁsgage 55. Wen the

at nosphere (gas) flows into e exhaust 5 passage 55,
an intensive exhausted airflowis created in the
vicinity of the atnosphere extraction port 55a.

PEME SR . a@hukh%a H”Qﬁghgﬁﬁ ﬁéE{ téf’ he%e around
#rom

forred at a port apar (
é&%aust pggsagE%QE{%ﬁH?%ggge?%%%%@%“%gpw%Pt &?GPS
ﬁgggg&ffﬁﬂaller As the airflowis not easy to flow
into e resist liquid drain port 56a, an_ln:ﬁn5|ve
h (L f t gr & n
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suppre se SO t e TIGSI
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%ghs SagedS%Vﬁfﬂoqupg bt 28 B3Peand- g ded, ' R ARELY of

the resist liquid drain port 56a. In a resist film forming

process with the resist coating unit (COT) used, drying of
the periphery of the resist film with the exhausted airflow
can be suppressed, so that the resist film having an
excellent uniformity of film thickness distribution can be
obtained.

The airflow control member 52 should preferably be
provided in such a way that the height position of the
vertex defined by mated inner corners of the upper and lower
ring portions 62a and 62b is higher by, for instance, about
0.1 mm to 1 mm than the height position of the surface of
the wafer W held by the spin chuck 41, so that the resist
liquid dispersed from the wafer W with the spin chuck 41
rotated substantially hits the inner inclined wall of the

lower ring portion 62b and guided to the drain passage 56,
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- 24 or the airflow flow ng near the periphery of the
waf er W substantially ascends al ong the inner
inclined wall of the upper 5|ng portion 62a and then
flows into the exhaust passage 55 via the atnosphere
extraction port 55a. 5 Accordingly, the effect of
meki ng the thickness distribution nore uniformcan be

SNHHL GIFFIOW S0 BRliNg RBBrathé | QU LHEFPlofRHRCKaPer! §
laid out so that its apex (the apex of the upper ring

VIRt 1642) aBcRAds! h2BRY theVBhAnd A hdThddPHradnd off the
the first cup 51 (the highest 10 portion of the flrst

\Bﬁéf rmgw@&rtwr\) 623 hhat tﬁ@ﬁ fias&éh%té " paater

Is easief to flowinto the atnosphere extraction
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upper rlng port 2a constltLHQng t
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ees, but smal or equa
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portion 62a is smaller degrees, the position
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cause contam nati on € resis

B9PESL O oty Of the resist Iiquid

It 1s preferable that an inner base angle 8, of the
upper ring portion 62a constituting the airflow control
member 52 be larger than or equal to 24 degrees, but smaller
than or equal to 34 degrees. When the base angle 0; of the
upper ring portion 62a is smaller than 24 degrees, the
position of the atmosphere extraction port 55a drops and
comes close to the wafer W, increasing the influence of the
airflow, flowed to the exhaust passage 55, on the wafer W.
In contrast, when the base angle 0, of the upper ring
portion 62a becomes larger than 34 degree, the airflow
directed from the center of the wafer W toward the periphery
thereof hits the inner inclined wall of the upper ring
portion 62a and is likely to return to the center portion.
This makes it easiler to cause contamination of the resist

film due to the adhesion of a mist of the resist liquid
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- 25 contained in the airflow. An outer base angle 03
of the upper ring portion 62a is determ ned according
to the inclined angle of the girst inclined wall 71b
SO0 as to ensure a predeterni% d width of 5 the exhaust
passage 55. For instance, it can be set in a range of
| arger than or equal to 22 degrees, and smaller than

éHnﬁaﬁﬁﬁd_ﬁg %%hdng% Sw.As the inside and outside
diameters of the alr |OMICOHtrO| menber 52 vary

g?gggﬁg%%t el gah erg &%eupéggr%%§9b§o¥tion 62a
J@g%é tnetdo E&}_ﬁgl neeghge llﬁé:&gr% %fWItH‘lla ?E_%st

Sl ze o when
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g@gﬁﬁ%e S%he%o Iﬂéatdiwn%tglrr folf O%g twéper %hfsusgooo am‘?ns,a%%e
height @, of the upper ring portion 62a can be set greater
than or equal to 10 mm, and less than or equal to 18 mm (for
instance, 14 mm).

It is preferable that an inner base angle 8, of the
lower ring portion 62b constituting the airflow control
member 52 be larger than or equal to 25 degree, and smaller
than or equal to 35 degrees. When the base angle 6, of the
lower ring portion 62b is larger than 35 degrees, the resist
liquid dispersed from the wafer W hits the inner inclined
wall of the lower ring portion 62b and bounces, whereby the
periphery of the wafer W is likely to be contaminated. In
contrast, when the base angle 6, is smaller than 25 degrees,
the resist liquid dispersed and an airflow generated by the
scattering of the resist liquid may reach the exhaust

passage 55, so that the alrflow at the exhaust passage 55 is
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- 26 disturbed, resulting in possible counterfl ow of
the exhausted airflow. A width 83 of the
exhaust/drai n passage 57 shoyld_ preferably be
narrower than a width Bl of that portion of 5 the
exhaust passage 55 which is fornmed between the first
vertical wall 7l1a and the |ower ring portion 62b.

digtded, tesuritdhly B3 pbshiB1EXBaustd e Bl Jasgaoe 57

should preferably be narrower than a wdth B2 of the

S UB I B3 10vQ- This is to prevent the disturbance
of the airflow, 10 which is likely to occur as the
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In a case where the exhausted airflow flows back in the
exhaust passage 55 and exhausting above the wafer W via the
atmosphere extraction port 55a is returned, the mist of the
reslst liquid contained in the exhausted airflow adheres to
the surface of the wafer W, whereby contamination of the top
surface of the resist f£film occurs. It is therefore
preferable that the counterflow of the airflow flowed into
the exhaust passage 55 be suppressed by providing a
protrusion 614 protruding toward the atmosphere extraction
port 55a on the upper end portion of the first inclined wall
71b of the first cup 51.

The processing of the wafer W ino the resist coating
unit (COT) with the above-described structure is carried out
by steps to be discussed below. First, the holding arms 78

holding the wafer W is moved over the spin chuck 41, then
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- 27 the spin chuck 41 is |ifted up, causing the
wafer Wto be held by the spin chuck 41. After the
holding arms 78 is noved to 5t§ st andby position, the
spin chuck 41 is lifted dowil'to hold the wafer W at
the process height. 5 The resist coating nozzle 91 is
noved to the center of the wafer Wand a
. ¢ o] o . o

B B A A PR AP L eRo LA e el W epTBe
HWE j a Ageor dj , | I QuUi-d L
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e=Te(o R I ir ;1.0
e 4t ey, pbRihin (RLRE AN eriilt Ay el Hirtea

' fi S t he_ex Sj [ quid,
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spin ck. 4l ds .at ed, nters_the draj n passa
56 v W et Gdqtidle ogzafh oToRe EveRats IS Flfer o
j i NCl |._qf | L rin rtion 2 f,
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B Ml VS P EoRTRRE RS e VARGl e e, the
R Py PG 2etatal 2oncRardifafd i S Tsa s
S SRR, Byt b, FHeCBbbypieRy GE0RSE e & pne
HR Rl 65 el Ve i dhar 98181 S50 qpieb aged pgouna
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Egkffﬂéé§aof the wafer W when the spin chuck 41 is rotated,

-enters the drain passage 56 via the resist liquid drain port

56a, hits the inner inclined wall of the lower ring portion
62b of the airflow control member 52, reaches the drain room
58 via the drain passage 56 and the exhaust/drain passage 57,
and is then drained out through the drain port 74 and the
drain tube 75. The atmosphere around the wafer W flows into
the exhaust passage 55 via the atmosphere extraction port
55a, passes through the exhaust/drain passage 57, drain room
58, exhaust room 59 in order, and is then exhausted out via
the exhaust port 72 and the exhaust tube 73.

A part of the resist liquid dispersed from the wafer W
may adhere to the inner inclined wall of the upper ring
portion 62a of the airflow control member 52, but the resist

liquid adhered to the airflow control member 52 can be
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- 28 renoved when the process cup 50 is cleaned.
Moreover, in order to allowthe resist liquidto
spread over the top surface,gf _the wafer Weasily, it
is preferable to carry out pre-processing, such as
applying a solvent like a thinner to 5 the top surface
of the wafer Wprior to the coating of the resist

renbiied %e_tnhe;h\éanbc%sV%@p she1spbTedtdk MbrablBg, in
rotating, it is lifted up to a predeterm ned hei ght,

Jfid:e da1Nekdithe 2E5Bs¥31iguidOVS sl dvas RN top
chuck 41. Next, the spin chuck 41 is 10 |ifted down,

S d e WH ahel RRFeR! R eX\i Syt r opsi 8L ABIRE to carry out
hol ding arnms 78 fromthe spin chuck 41. The hol di ng
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units (HP), where pre-baking is performed on the wafer W

Table 1 and FIGS. 7 and 8 show results, such as film
thickness distributions, when the resist films were formed
on the wafers W of 300 mm ¢ using various process cups shown
in FIGS. 6A to 6C while changing the rotation speed of the
spin chuck 41.

Like FIG. 5, FIGS. 6A to 6C illustrate a portion
outside and near the wafer W, and the structures of the
other portions are the same. The process cup of Comparative
Example 1 illustrated in FIG. 6A roughly has a modified
structure of the process cup 50 from which the airflow
control member 52 1s removed and in which the leading end of
the first inclined wall 71b of the first cup 51 is set close
to the periphery of the wafer W. In FIG.6A, the first cup

constituting the process cup of the Comparative Example 1 is
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- 29 denoted by reference nunber "89". The process
cup of Conparative Exanple 2 illustrated in FIG 2
roughly has a nodified struggyure of the process cup
50 fromwhich the wupper ring portion 62a of the
airflow control nenber 52 is 5 renoved with the | owner
ring portion 62b remaining, and in which the | eading

&iHbta e reiretbnbBChimBar e o~ 71 dlteeds oo 6P

51 illustrated in FIG 4 is set closeto the

d&ﬁﬂﬂﬁ%e%x%ﬂ?l&?&ehﬂébfé%&aﬂ #1ct ¥ S$duynidl hed a
9'"). T an Exanpl e

as "first cup he process cup of
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shown 1 n Fl 4 and 5.
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B 10 008, LRBEr BT Bonira S0 a8 o880, 4
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first cup 51 illustrated in FIG. 4 is set close to the
periphery of the wafer W (hereinafter, this is called as
“"first cup 89'"). The process cup of an Example shown in

FIG. 6C is the same as the process cup 50 shown in FIGS. 4

and 5.
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Conpar ati ve Exanpl e3.732.08 2 Exanpl el. 671. 27
Conpar ati ve Exanpl e4.072. 13 1500rpm 1 Conparative
Exanpl el. 711. 09 2 Exanpl e0-9%@. Z0 Conparati ve
Exanpl e2. 531. 39 1800rpm 1 Conpar ati ve Exanpl el. 400. 79
2 Exanpl el. 130.70 Wth points over a circunference 3
mm inside the outer 5 peripheries of the wafers W
Taddden 1las out er nost circunf erence nmeasur enment points,
the thickness of the resist filns formed on the
mafers Wwere neasured at plural |ocations on the

ameter—ihA-this——eitreupnference—Table 1 rnnrne nts
JﬁPE@Eio%f range@?ﬁrqtﬁ-bg measuri ng { 8800es and| 30¢'nm)
rfBeefange" 10 represents a differend®det ween| a
vaxi mum val ue neGupanhtine Fxamipliem|2dvaBue neatﬁr&@.
A800Hpmmaxi num vkl ue of the film thickness is|a val ue
At the out er NSt Conmpardt Bree Ean{glleat 12s80- 31 | afsdhe
Ci rcunference 3 gminside the periphery of the| wafer
N, a smal | val Uk hp1d1€ Tange, marcayr, 29 STal T §eski g
theTesTst Anﬂi Yo qpter e ¥
Bppgggts a s éé@é§%?d%V|a ort %? tﬁé&Phlcknegsoy
S ution, a—b—srwalH—val ve—thereef—i-ndi-fates
1hat the resi st f?WPﬁ?EEF%F Example |5.93 3.20
Example 2.27 1.88
Comparative Example | 7.40 4.08
1200xrpm 1
Comparative Example | 3.73 2.08
2
Example 1.67 1.27
Comparative Example |4.07 2.13
1500rpm 1
Comparative Example |1.71 1.09
2
Example 0.97 0.70
Comparative Example |2.53 1.39
1800rpm 1
Comparative Example | 1.40 0.79
2
Example 1.13 0.70

With points over a circumference 3 mm inside the outer
peripheries of the wafers W taken as outermost circumference
measurement points, the thickness of the resist films formed
on the wafers W were measured at plural locations on the

diameter in this circumference. Table 1 represents values

of ranges of the measuring results and 30. The "range”
represents a difference between a maximum value measured and
a minimum value measured. As the maximum value of the film

thickness is a value at the outermost circumference (that is,
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good uniformty of thickness. As shown in Table 1, the
val ues of the ranges and 30 of Conparative Exanple 2
are smaller than those of ghgl Conpar ative Exanple 1,
and the values of the Exanpl&are 10 further smaller.
This seens to have occurred because in Conparative
Exanples 1 and 2, as the atnosphere extraction port

jytd ent Q. t : e
4SBT AL Eh08°a! ' A0 0 Y Rl waser

WE! iaohsﬁ{aﬁ.loﬁlalhﬁeo?a%gét ﬁ%ﬂgg 1h&elardd .iolglvr ibt%%g?.gigyof

—

to the influence o hausted air ,
PRl AT, ke RekbRER; 'nyplial; SHRFT phfsencs
ey Hetatiob BeREhe PR doflod oty ana o
TS VR, Er0F, SulupAFep ARl e Ted iR MR nik"

G AR B T ERn8e o n Che i nei de of the

Phe ERram AR IR 17 ehe; W8TRRR coF rEne easg g 2 0
P CHpsbaTy Eegpbof ok pBELLAE o il 15, She”
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E Al ety A8 BRURE €0, RovroTniia Mcafise in

bl R BB 8"1 Bhc 0o A RRLARER S on

ﬁ&@% ﬁkéwﬁgéffioned close to the end face of the wafer W

compared to the Example, the resist film at the periphery of
the wafer W was likely to be dried due to the influence of
the exhausted airflow, thereby making the resist film
thicker. It would appear that regarding Comparative Example
1, the resist film became thicker at the periphery of the
wafer W compared to Comparative Example 2 as the airflow

flowing vertically hit the periphery of the wafer W so as to

dry the resist film.

FIG. 7 1s a graph representing the values of the ranges
and 30 at points of 2 mm, 3 mm, and 5 mm in the inside of
the periphery of the wafer W for Comparative Example 2 and
the Example. As is apparent from FIG. 7, the beaking of the

resist £ilm at the periphery of the wafer W is suppressed

for the Example.

FIG. 8 shows changes in the thicknesses of the resist
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filmhaving a uniformthickness can be forned on the

waf er W by using the process cup 50 of the Exanple.

As shown in FIG 8, in the Exanple, the overall film
thickness is 10 nmthinner than those of Conparative
Exanples 1 and 2, but can 10 be narrowed down to a
predeterm ned thickness by adjusting the nunber of

£0Irdd 11901 ¢ad16Y" B9¥BELLbHBos Hite waf&iY GPSAlth the
results (the range and 30) of neasuring the resist
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the circunference 3 mminside the periphery 1
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POEIRIRHENT ThENRLR A8 R ELHRSh £O4 L B

FESSUE, S Uie LB, 001G, Lot OO oo
D ORISR b e AP Vaer
S50 e 1 SRR A BRSABHES 48 S 10 v
L 470 Sl S TR TS PRk oL

HARISEN AL 1, S okt oI BBRELens o L0 can

e preferre

i')gv ﬂfc%b& %%“Rue % i%x %lr%'dgﬁ,gﬁi“?ggg : glim:‘s%kr?gst-é sh tl'!vle adjusting

present I’ nvention I's not C

OISUL o FolACHRE kBB o 110

contr ol 'S no € one
il i FIGS., 4 d.g. FIG 10 i
Schenbtfe L bRREasRind, AP a, (bLEEPAR: BOR00) of

measuring the resist f£ilm thickness measured at plural

locations within the circumference 3 mm inside the periphery
of the wafer W on the diameter, with a constant number of
rotations of the spin chuck 41 and with points over the
circumference taken as outermost circumference measurement
points, while changing the exhaust pressure at the exhaust
port 72. It was confirmed that when the exhaust pressure at
the exhaust port 72 was changed, the pressures at the
exhaust passage 55 and the drain passage 56 were also
changed, but the influence of such a change in pressure
hardly occurs on the thickness of the resist film as
illustrated in FIG. 9. This means that the atmosphere
around the wafer W can be exhausted with the thickness of
the resist f£ilm held constant.

Although the preferred embodiment of the present
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resist coating unit (COT)' having a process cup 50
wth an airflow control nmenber 52'. This resist
coating unit (COT)' and thesgreviously described
resist coating unit (COT) enploy the sane structure
except that the shapes of their 10 airflow contro
nmenbers of the process cups differ fromeach other
ierii id MasC BelenOkbxpRARREAS2n @EtANE, MBCaTe PHeseh?
conprises the upper ring portion 62a having a vertica
DHRSPLSACisOMmod! 1amidBAr @yl FBER! an témboiheit Shape and
protrudi ng upward, and a |lower ring portion 62b" which

has apdp fngtsdndelClinedHAPe! b tBiaa 0PE Ve dcéifrol member
downward inclined froman inner apeX of the upper

o e ol pareron b ehoRe s G poseed il Fid, 4 ana 5.
e o e Hentie biBps e IS S T iy e

B TP MR ORI L R im0
SPEFLSo R pRbREr 38 o TRIE LR e Reron T i (oM

preferably be Integrate

AhAIUROSERA fird y aeg%mgﬁte 9?55& PEOEEERg 3&5105 3%839

and the "process Cup 50'. Irst 1nc
; . . 62b) ,
G100 oid o R OLk D P B S U s

SOMNWEE Godthdan FoRAEES B +R4 gge;g%%@' %%50% g%wggég gg,foma each

dral n passage 56 bet we

@‘Eﬁ]e{-he 'i‘tﬁé/‘eéifflgsg{ %tt'gggl faamsg'f 2%%“92& RO WY& Lup

the process cup arne

SOnSHRPAA o WipeastablBbrk 6 ML aihs o Wi oo
Ef@gb section of an approximately trlangular shape and
protruding upward, and a lower ring portion 62b’ which has a
first inclined portion 8la outward and downward inclined
from an inner apex of the upper ring portion 62a by a
predetermined length, a horizontal portion 81b horizontally
extending from the lower end of the first inclined portion
8la toward the outside thereof, and a second inclined
portion 8lc outward and downward inclined from the outer end
of the horizontal portion 81b. The upper and lower ring
portions 62a and 62b’' should preferably be integrated with
each other.

The upper ring portion 62a is common to the process cup
50 and the process cup 50°. The first inclined portion 8la

of the lower ring portion 62b’ serves to guide the resist

liquid dispersed from the wafer W downward. In the process
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the width (32 of the drain passage 56, the wi der width
does not adversely affect the drain/exhaust property.
Accordingly, the uniformty gf the thickness of the
resist filmforned on the water Wcan be al so
enhanced by using the 10 resist coating unit (COT)'
equi pped with the process cup 50' having the airflow

aPtseol, ReEbehiaeR ofl 8 ahsiﬁeﬁaﬁa a4 NEdttidda belben the
or the Iike, for exanple, as the holding arns 78 is

Sl e 53t Raapeskt !I.Sﬁer"‘ffﬁ% pet V& e2pN iis helhdr
may be fixed without lifting the 15 spin chuck 41 up

@Jin&b&i@w,toart@het BeoReasesipCYHP, SOndtyxpraiddd ta%%v‘ép agpd

down in such a way as not to interfere mnth th

o e t
tran§ er rtg' " E’gt &fgnkta%\‘e:mgglgﬁ gﬁu\é@i%h and tﬁe rF]%I di ng
SRS aris %%Q%%b@tg7'§hﬁ9id|bf%fé¥5$ B '€ narrower than

sem conduct or “waf er e a gllass substrate

1%1'99! “Fiaﬁh( FB g: f (# ?%ﬁ)éssa Fu%%heEhet QSa&P %di({]@x does

I qul 1S N SI st

dde féagﬁme& Q:B‘é”h?.?kn?&!:ﬂéxh?ﬂ] %y sp.trfsed in

orn1ng an I'nterlayer 1nsulation

%f&hﬁlgnlﬁs [{Hed Lﬁ%&ff'o%i?g%t CeRg | fltli’c]:]?rfés % &S drRe Q‘esz.st

ove ‘coatl ng process apparatus o e present

ed Crﬁ e d o LHrIeaQJa%eﬁ:oh EQB nk@ YaPsh oéﬁﬂ%ﬂ:éd Iy wsidg the

as a resist I'm on strate suc

fé%&éf”ﬁgéﬁfﬁg‘ﬁﬂfﬁ'(COT36 e&hfﬁﬁ@ﬁ with the process cup 50°

having the airflow control member 52°.

In the resist coating unit (COT) or the like, for
example, as the holding arms 78 is elevatable, the position
where the wafer W is held may be fixed without lifting the
spin chuck 41 up and down, and the process cup 50 may be
lifted up and down in such a way as not to interfere with
the transfer of the wafer W when the wafer W is transferred
between the spin chuck 41 and the holding arms 78.

The substrate is not limited to the semiconductor wafer,
and may be a glass substrate for FPD (Flat Panes Display).
Further, the coating liquid is not limited to the resist
liquid, and may be, for instance, a chemical solution to be
used in forming an interlayer insulation £ilm by spin
coating.

[Industrial Applicability]
As described above, the coating process apparatus of

the present invention is suitable for forming a coating film,



1. A coating process apparatus for formng a coating
filmon a substrate to be processed, conprising: a
hol di ng mechani sm whi ch hol dg.the substrate to be 5
processed in an approxi matel y~horizontal posture; a
coating liquid supply mechani sm which supplies a
predeterm ned coating liquid to a top surface of the

s%e@ﬁta@atae reeike @mesa&da helsh Yatd s dang

mechani sm a rotation nechani smwhich rotates the
SPHonde th? PafetQ processed held by the hol ding
mechani sm and an airflow control nenber |aid out
close to the substrate to be processed in such a
manner as to surround a periphery thereof, and having
a vertical cross section which gradually becones

thi cker upward froman inside toward an 15 outside. 2.
A coating process apparatus for form ng a coating
filmon a substrate to be processed, conprising: a
hol di ng nmechani sm whi ch hol ds the substrate to be
processed in an approxi mately horizontal posture; 20 a
coating liquid supply nmechani sm supplying a
predeterm ned coating liquid to a top surface of the
substrate to be processed held by the hol di ng
mechani sm a rotation nechanismrotating the substrate
to be processed held by the hol ding nechanism and 25
a process contai ner accommodati ng the hol di ng
mechani sm and capabl e of exhausting an atnosphere
around the substrate to be processed froma bottom
wherein - 37 the process container includes:
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a first cup having an outer circunferential wal
surroundi ng an outside of the substrate to be
processed, and an airflow_cgptrol nenber having a
cross section of an 5 approximtely rectangul ar shape
defined by an upper ring portion having a vertica
cross section of an approximately triangular shape
and protrudi ng upward, andcgalfm@er ring portion
having a cross section of an approximtely triangul ar

shapey anda Pt MY HE-céRMAAbParafisPEOK £66nfh§SE cj&ﬂ:e:i.ng

to a periphery of the substrate to be processed Int

£11hton GRsutt3atk0 t3UbEOPREC8Bs O Chorfht LHiH A ence of
the substrate to be processed, whereln an exhaust

passag ehél’@fﬂ@%é%‘lérﬁisﬁ?( %‘i%g\i no18- tﬁg ”%’éﬂ%@f%té‘ré&‘ i

the substrate to be processed is provide et ween
' n r .
Bt O BRI RL ok o Rta P postynesy

a
- upperoAEay PR Hpeh” P%%#?é%é*ﬁ??%?%% TS
BERAT TR, S TS cackob MuRIRYE Sheyi ng
RGPS o BaDoRPefLREIATR Ot SRRLALHY diecBlonisdha

| ar geg %Q?%t:gczn ‘j‘ﬁe%l%laﬂi%ng.%m%h%g rr‘ca)@?iteg UEn S "BLbSErdf8o be

or equa ees. 4 e coating process

ﬁ}o@@%&té{f 1R el ﬂoﬁ.'d%g‘ ﬁech%&i ergig a height
0 e

the upper ring portion 15 greater than or equal to

10 mm,,byi £ £, éJHﬂkd¥}?3ﬂﬁ@ ﬁ%ﬁﬁ?ﬁ] c?Oﬁghgocffg!ng

process apparatus according fo clra Wherei n

?u@@t.sfa@é‘géc? lg p@&c;jeg‘csieﬁe iﬁf S{]gﬁ L%‘Qﬁnéf N8 R tsiuQ:Q:ound a

periphery thereof, and having a vertical cross section which

gradually becomes thicker upward from an inside toward an
outside.

2. A coating process apparatus for forming a coating
film on a substrate to be processed, comprising:

a holding mechanism which holds the substrate to be
processed in an approximately horizontal posture;

a coating liquid supply mechanism supplying a
predetermined coating liquid to a top surface of the
substrate to be processed held by the holding mechanism;

a rotation mechanism rotating the substrate to be
processed held by the holding mechanism; and

a process container accommodating the holding mechanism
and capable of exhausting an atmosphere around the substrate

to be processed from a bottom, wherein
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included in the airflow control nenber is |arger than
or equal to 25 degrees, but smaller than or equal to
35 degrees. 6. The coating_pggcess apparatus according
to claim2, 5 wherein the upper ring portion and the
| ower ring portion are integrated with each other. 7.
The coating process apparatus according to claim 2,
wher ethie tg¥o gL lcotitadnereiaatuaksyal | of the first
cup includes a cylindrical vertical wall, and an

i ncligegh ved |cudld narneChadoue? e2PERRELT&Ptial wall
arrangenent to an upper end of the vertical wall and

duietduiRA g @ du¥sadd BPWBhE. s8bstPetE O It pRoRe888d, and

apparatus according to claim?7, wherein the’inclined

wal I 4i¢ ROPF TBIrin61 hehBe! habilgl 8 cAds®Uddtion of an
i nclined surface of the upper ring portion. 15 9. The

d:fidteNSL T2 RRFLAAYSSREHET dbFnd® Y} ANBper rin
erein a protrusion for suppressing a ‘counterflow o

gt THAM rd %""'v@g'tifiEEQ EPEsEXBALEL 0PSB AFE dpdroximately

provided inwardly of an upper end portion of the

A fifih M Hap et ARg! bEHEEHHiBBeﬂBH&?& CAdf WhighRt kahg
wal | p. 20 1 T

of the first cup. 0. e coating process

PP GH YaAGHL 0 IR8s50seLR18h 2of &%eééﬁfbﬁgmaﬂgjgcess

container further includes a secon avi ng “an

éﬂf&ﬂmﬂv@.ﬂaﬁmad'Eeeteghmgehafwﬁ@#u@%@?gggmaed close

outward from bel ow the substrate to be proce

&8k p Wi ¢Reds@bBErhbE £63bL S&fééé’é‘ééﬁ gl.ZId the first

di spersed fromthe substrate downwar S provi

WS Ths e Rirdounw Sﬁ”Bﬁ%r”@ElPéﬁmfé‘Peﬁ df&rghed

wal | of the second cup, and a clearance between the
SbE U E XY R prodlssBATPGhe 280t e substrate to be

processed defines a drain
an exhaust passage substantially exhausting an

atmosphere around the substrate to be processed is provided
between the airflow control member and the outer
circumferential wall of the first cup, and wherein

a space between an apex of the upper ring portion and
an upper end of the outer circumferential wall defines an
atmosphere extraction port for the exhaust passage.

3. The coating process apparatus according to claim 2,
wherein a base angle of an inside of the upper ring portion
of the airflow control member is larger than or equal to 24
degrees, but smaller than or equal to 34 degrees.

4. The coating process apparatus according to claim 2,
wherein a height of the upper ring portion is greater than
or equal to 10 mm, but less than or equal to 18 mm.

5. The coating process apparatus according to claim 2,
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port of the drain passage. 11. The coating process
apparatus according to claim 10, wherein the second

cup further includes a cylingdgical 5 vertical wall

ext endi ng downward froma | ower end of the inclined

wal | thereof, and the exhaust passage and the drain
passage are nerged wth each other at a cl earance

Whemesioh aebasenanhbhteodfean tngsideTfef ctid dloweal rialy pbetion
first cup and the vertical wall 10 of the second cup
amalwdddaust ithe atdfilloai congrol emantber eis latigerhthaghos
bott om of the process container. 12. The coating

IUEle XD P Aedireesacbatdsmgllorctham od equdlertss 35 [@egrees.
airflow control nenber is laid out in such a way that

a veré ex e igeetibyg Proedsisnappacdees adtcor®iPAy chaim 2,
and | ower ring portions is higher than a position of
wherdap theliippee efinghpostPehr 8he £ie DROWHIOGANE PortQon
that the coating liquid dispersed fromthe substrate

dfe et ReRTEe i thuBaERNbLALLY Strikes an inner
inclined wall of the [ower ring portion to be guided

to the, drehd RARSIARE préek3d. aﬁ?&rﬁﬁaél S8cHF PP Sto claim 2,
apparatus according to claim 10, wherein the airflow
witdte 1l HHRITRRIt &S cRirevindedehBidlChaBl @V HFHiIr®t cu
vertex defined by mated inner edges of the upper an
imvRiddd Y d3Alindeneals verghealt Hanl 2 £asidn Ahdifinedewall
top surface of the substrate to be processed, so that

éonedred il Wdon@eca@ive arvhfigahént Ofo 4 uppdd ey of
of the substrate to be processed substantially

56 ORSiSt B DNHaAN ain@Nehcil AfbANEAwHBE]y And RipwaEHRES

ring portion and flowinto - 40 the exhaust passage

via the afheSebwY fhEprdedsORpparhtus according to claim 7,
wherein the inclined wall is approximately in parallel with
an outer inclined surface of the upper ring portion.

9. The coating process apparatus according to claim 8,
wherein a protrusion for suppressing a counterflow of an
airflow flowing into the exhaust passage is provided
inwardly of an upper end portion of the inclined wall
constituting the outer circumferential wall of the first cup.

10. The coating process apparatus according to claim 2,
wherein the process container further includes a second cup
having an inclined wall expanding obliquely downward and
outward from below the substrate to be processed,

a drain passage which drains the coating liquid
dispersed from the substrate downward is provided between

the airflow control member and the inclined wall of the

second cup, and a clearance between the airflow control
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14. A coating process apparatus for formng a coating
filmon a substrate to be processed, conprising: a
hol di ng mechani sm whi ch hoLdggtbe substrate to be 5
processed in an approxi mately horizontal posture; a
coating liquid supply mechani sm which supplies a
predeterm ned anount of a coating liquid to a top
nidieac @naf theheubsbsatat o tive herquearares ddflinkd hAydrhtn
hol di ng nmechani smy a rotation nechani sm which rotates
pdit wfbsheatiealiftl fasd@gey the hol di ng nechanism and a
process contai ner whi ch accommodat es the hol di ng

mechani s mmRd coaRdklge pebcesBadppapgtay &d¢desdiiny &€o claim
around the substrate froma bottom wherein the

10 0GATedantakengecobnal dﬁFSfuﬂﬁh@r fidsluaasp hayiliadeical
outer circunferenti al surroundi ng an outsi de of

¥ i9H1S Wadli e ek@eRB1AG0AEFARSEd Fbm &) Rivedrl @NAC OFt itRk
menber including an upper ring portion having a

Megtirfed wall@StheeebieQNafi an approxi mately triangular
shape and protruding upward, and a |ower ring 20

porti e Iésa{&@mq:a%sfagrestanan theN8la PR’ pASFadd Ard Gbrged
outward and downward from an inner apex of the upper

witl) Qi icthedY atdaPEeealr8hak NEGrhEd Bdhwebd WheZ Qitdhr
portion horizontally extending outward froma | ower

b irddi thilaiswaniCbienetle POFLE OBup adKh et ical wall
inclined portion inclined outward and 25 downward from

s Id LR lcupQr bn@NexBAAsPIRY! &6d &SRS ax% carried

peri phery of the substrate to be processed in the

&hf Sthrdgh T bdttbf o¥ kAENPraBesst &sntaidf erence of
he - 41 substrate to be processed,

12. The coating process apparatus according to claim
10, wherein the airflow control member is laid out in such a
way that a vertex defined by mated inner edges of the upper
and lower ring portions is higher than a position of the top
surface of the substrate to be processed, so that the
coating liquid dispersed from the substrate to be processed
substantially strikes an inner inclined wall of the lower
ring portion to be guided to the drain passage.

13. The coating process apparatus according to claim
10, wherein the airflow control member 1is provided in such a
way that a vertex defined by mated inner edges of the upper
and lower ring portions is higher than a position of the top
surface of the substrate to be processed, so that the
airflow flowing in a vicinity of the periphery of the
substrate to be processed substantially ascends along an

inner inclined wall of the upper ring portion and flow into
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an exhaust passage substantially exhausting an

at nosphere around the substrate to be processed is
provided between the airfloygcontrol nenber and the
outer 5 circunferential wall of the first cup, and a
space between an apex of the upper ring portion and

an upper end of the outer circunferential wall defines

it cxhanshhpaesayer @Lhi the PRfhodHertd @3 adtion port.
passage. 15. A coating filmformng nmethod conpri sing

the steps Al@dftingh@hdicegsaappashtas eféP RSP &S HAting

in an approxi mately horizontal posture; adjusting

05 dn0S stbs@iadbl tbo¥e cgﬁ&&@ésé@m@&mﬁ&s&rﬁ%: _
approximately ring shape and the substrate relatively

to 1% afshuidid flechand'sth whiERNABLAL Natle LG S FddOWo be

control nenber is arranged close to a periphery of

prtedded Hal @nt apBeoxPhAEE TS CRoAMLISHHT Pyrdsiridle

peri phery of the substrate 1o be processed, the

ai 1 f | Que S P 1 1RARL s upPY iy PeBh¥RLED CRhicE A5 lies a
section which gradual |l y beConmes thicker upward from an

g&d&@ﬂﬁn&w@h@uﬁ@ 8¢t ai d6at #hg ig«g&ﬁ&&@ £Jp MWirface of

' mon the substrate to be procCes by supplying a

e A/ vPaed te0dk! BRobbgybd hO1& ﬁfpuwﬂcﬁ ndmelch@nism;

substrate to be proCessed and rotatlng the substrate

t 0 bea PFOEHSEAT miR iRt WRi8RIrbRELEQ st didte hela
over the 25 entire substrate to be processed. 16. The

%aiﬂéﬁqad‘lidmgf flethad 1 8GRt hgdgaccording to claim 15,
erein the airflow control nenber in use has a cross

;je?izn% byééa&r} Uorfta 13 PR1ER! Bb¥omREaFEEY | Bhe HSHfing
mechanism and capable of exhausting an atmosphere around the
substrate from a bottom, wherein

the process container includes:

a first cup having an outer circumferential wall
surrounding an outside of the substrate to be processed; and
an airflow control member including an upper ring
portion having a vertical cross section of an approximately

triangular shape and protruding upward, and a lower ring
portion including a first inclined portion inclined outward
and downward from an inner apex of the upper ring portion by
a predetermined length, a horizontal portion horizontally
extending outward from a lower end of the first inclined
portion, and a second inclined portion inclined outward and
downward from the horizontal portion, and provided close to
a periphery of the substrate to be processed in the first

cup so as to surround an outer circumference of the
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upper ring portion having a vertical cross section of
an approximtely triangul ar shape and protrudi ng
upward, and a |ower ring Qo&iign having a vertica
cross section of an 5 approxiimately triangul ar shape
and protrudi ng dowmmward, at the step of adjusting the
positions of the substrate to be processed and the

AlY e @0t bel preehgkedt he substrate to be processed
and the airflow control nenber are accomodated in a

process &MbAtYHa ‘Qe”%u%%taiai‘iﬁgli:?hgkﬁ&ﬁ'ﬁﬁ{g?rHﬂ al

wal | whi ch surrounds "an out si de of substrate to

DEndYPHESS o oY %ﬂEthﬁs‘EEa?éh@b‘%é rgrééme% gi%g;ﬁ%aed

theréof, and at the step of formng the coatin

R RUAL 12 103UR8hE8bE henber PARE SR buidlt

at nosphere over the substrate coat 1Is
SRR Sy OF, PALFERSE B (6" 07 The

hor chreEa T SO AR BETEhE, B8pSE, £l Borfien, ana
A SRS ol SUAREL S P LB AT Bl d¥ines an

EidER Rty 0 OB Alat In g 71!
top SfﬁfaQE éHaEiH§f¥£¥H'f%&ﬁinbomg%hBEOSSQBfﬁs1ng the steps
of:

holding a substrate to be processed in an approximately
horizontal posture;

adjusting positions of an airflow control member of an
approximately ring shape and the substrate relatively to
each other in such a manner that the airflow control member
is arranged close to a periphery of the substrate to be
processed and surrounds the periphery of the substrate to be
processed, the airflow control member having a vertical
cross section which gradually becomes thicker upward from an
inside toward an outside:; and

forming a coating f£ilm on the substrate to be processed
by supplying a predetermined coating liquid to a top surface
of the substrate to be processed and rotating the substrate
to be processed so as to spread the coating liquid over the
entire substrate to be processed.

16. The coating film forming method according to claim

15, wherein the airflow control member in use has a cross
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section of an approximately rectangular shape defined by an
upper ring portion having a vertical cross section of an
approximately triangular shape and protruding upward, and a
lower ring portion having a vertical cross section of an
approximately triangular shape and protruding downward,

at the step of adjusting the positions of the substrate
to be processed and the airflow control member, the
substrate to be processed and the airflow control member are
accommodated in a process container having an outer
circumferential wall which surrounds an outside of the
substrate to be processed and capable of exhausting from a
bottom thereof, and

at the step of forming the coating £ilm by rotating the
substrate to be processed, an atmosphere over the substrate
coat is taken in the process container from between the
airflow control member and the outer circumferential wall.

17. The coating film forming method according to claim
16, wherein at the step of adjusting the positions of the
substrate and airflow control member, the airflow control
member is laid out in such a way that a vertex defined by
mated inner edges of the upper and lower ring portions is
higher than a position of the top surface of the substrate

to be processed.



