; €3eQVNDDEH | dM6MTM SPECI FI CATI ON  SUBSTRATE PROCESSI NG METHOD AND
SUBSTRATE PROCESSI NG APPARATUS 5 Technical Field The present invention
relates to a substrate processing nethod and a substrate pr,ﬂ"‘ﬁﬂm’"wwmww
apparatus. 10 Background Art In manufacturing processes of tor
device in a nmultilevel interconnection striucture, a process of fiorsm ng an
interlayer insulating filmon a wafer and thereafter processgj

interlayer insulating filmis perfornmed. The interlayer i ns},"’M’,m’H’ﬁwlum(l S
an insulating filmhaving electrical insulation 15 perform

mul til evel interconnection structurspraICOrICENanpl e, MSQ ( metdwgdozs

si | sesqui oxane) or HSQ (hydrogen sil sesqui oxane) is used as its insulating
material. The processing on the interlayer insulating filmis perforned in,
for °~ exanple, an SOD (Spin on Dielectric) unit, which enploys a film
form ng 20 nSUBSTRATE BRECESSING METHHOD AND StIBSTRAPE RROCES SENGod,
ffox nethod, and the like, in which the interlayer insulating filmis forned
by applying a coating solution such aAPPARATODSenenti oned MSQ or the |ike
to a wafer surface. In the aforenenti oned net hods other than the sol -gel
met hod, &fter the formation of the interlayer insulating filmon the wafer,

curing processing %aﬁoucuring the interlayer insulating filmis perforned
in order to E]rseéﬁh@éc ekl ection ratio of an etching object material. 2

This curing proces§ing i S pr.ocessin ich brings the interlayer _insul ating
[T m o pol yorer v atihsnBreseat iareaaen Telites fo dosSkirate progessing ppemiag and a
performed by Eeﬁ_tLCnﬁ a wafer at a high tenperature. Since extrenely high
energy is ré& PHA PRGN eARRH ‘ymeri zation reaction, the curing 5
processing is perforned in a heating furnace capable of heating the wafer
at a high tenperature. Mireover, a long tinme is needed to carry out the

sufficigRt LRALARN reaction by heat energy as described above,
vvherebng b%@?})}ealgﬁge-si zed heating furnace capabl e of heating plural

wafers at a tinme i[f m&ﬁﬂfi&ﬁﬁhﬁ?&)@ééﬁ of seaftafducendedtce’ irf WAl RtileE]
throughput. In 10 the curing processing, thermal energy generated by

heating caudftersopa¢itionl sathes, 4 essrofdforinting iansintéiayer imstRiting filye@n
such as pol ynerization and cross linking to cure the interlayer insulating
film However waféreand thexeafter gaesesging rthe hatdrtasternigstlatimge 6lmusupétfprmed.
performed at a tenperature as high as about 500C, has required a long tine,
15 about 30 Thenintedayer iisulatigg ﬁghrni& an insulating fgine hiaying elechkical insulation
pol ymeri zation _reaction of MSQ or the |ike even at such a hi&;h t enper at ur e.

Such a I8ng perfarmanggi irdheomudtilevel rinterconneetien nyruetres and.dfer egampleo
reduce the rqQcessjng tjne requi or. produgi ng vari ous, ki nds of
items and vﬁﬁ&&(&e&ﬁﬁ#@ ‘ﬂ‘}l%aé‘ﬁg J'E»ﬁ& (IhB{éltfgg%f,l Sﬁ%ﬂquz@xaaner 8 WSEE RS 1
TAT(Turn Around Tinme)., 20.In addition, the processing at a high tenperature
presents a df'§ (03 HHat i nsul ating material s susceptible to high

Lemperaturos cannafy beesRL e G 65 H1ERy L IFRLHE M SN s i 57

vor ds. v (TARHIE A SOD TSt h, DielicT ECWARD Bilbss o AL Bimine

time bebyeeind Hodddas?l Sok-geF nt¥thbdSsilk method, speed film method, fox method,
and the like, in which the interlayer insulating film is formed by applying a
coating solution such as the aforementioned MSQ or the like to a wafer
surface. In the aforementioned methods other than the sol-gel method, after
the formation of the interlayer insulating film on the wafer, curing processing

25 of curing the interlayer insulating film is performed in order to raise the

selection ratio of an etching object material.



insulating filmfor each wafer. Therefore, thermal histories vary anong the
3 wafers, for exanple, when heating processing for once vaporizing a
solvent is performed after coating, which nmay generate variation in quality
of the interlayer insulating filns. Further, the curing processing in the
heating furnace is perfornmed in a 5 mnimpntinme for conpletion of the

pol yneri zation reaction in order to inprove the throughput, and thus the
pol ymeri zation reaction may not be sufficiently performed in a deep portion
of the interlayer insulating filmwhen the interlayer insulating filmhas a
large film thickneggg é@ﬁggzg‘t@@éysﬁlegofist foddd¥RiY | WHiCH briNEs ek intepayErn

Is made in view of the af ntioned point, and its object”is to perfdrm

the afor enerihélﬂaﬁﬁgcmxhrwp@ry@ﬁas@itm réactich Suidte s tp fizafiond ah@stherto
tenperature and reduce the total processing tine of a substrate such as a
waf er or thepdrfdrendd byhkeating nesafereat arteghctengperatureAT Sificé TextrerAebuhigh
Tinme). The present invention is a substrate processing nmethod conprising

t he steps ofenetgy nimgremuired etd apducendhé apohymerization aeactieny athe; carihg
irradiating the interlayer insulating filmon the substrate with el ectron
beans inSa [processingds phtfopmed: @ & heating durmace capahle iofhaasingnther waker a1 | n
the present .invention, int step of curing the interlayer insulati

film the slightemperiree Marcayer long Hmg s nesed eeEy subthe SElacient,

the step of cyring.the interlayer insulating filmmy..be p rformed in a
Feduced oxy JAVIEGZaBE dEaFAGH ohy oREAle PSR i rIIHIDSROE0 N -RDEHERY o
Subst rat o miUBIPRE Mafacuzad feahs” A5EACE cAlRelt R RGE G PRy s 2t e
of oxygen. | | ' Is P LA hagper
oy 8 be SRbISREATER thé U PRopekifie FRET 14 i O BEPRRfE "I
present {hnv i : - N o] i t

perform% aﬁér%pﬁggsm}?tcggs?}ég’! gﬂ%glgltaledég\n@ﬁl coéartalf\ercl%q%zl fl}telégﬂg%:ﬁgﬁes a
becomes the fpdl%ﬁfe&ﬁ‘é_ glon Nsedciond ofi | tReandndifihBhg ChHiafer®al t MSQ't 8UkAY ess 5
insulating filmby i r'radl ation V\nth the el ectron _beams.' In t.hl_s case, the
period of tipslyheirireioncaidtaissdinidhgttoccureahbéntorhyestigsulatiag firmdi ati on
of the substrate with the el ectron beans may be controlled to be constant.
Further, the pre- Hawengr,mtlye beumng f procedsaig aint dhpehaating fomerce; hasualy
tenperature of the substrate in the step of curl&gothe interlayer )

i nsul ati ng fperformal ahattemperagwatasihighras aboutpdGQ K, masy rasmireeharlongdime,

t he processing ) . ) L
15 about 30 minutes to about 60 minutes, for completion of the polymerization

reaction of MSQ or the like even at such a high temperature. Such a long

time required for the curing processing makes it difficult to reduce the wafer

processing time required for producing various kinds of items and variable

quantity production, that is, realize a reduction in TAT(Turn Around Time).

20 In addition, the processing at a high temperature presents a disadvantage that
insulating materials susceptible to high temperatures cannot be employed.

Besides, since plural wafers are processed at a time in the curing

processing in the heating furnace, wafers early formed with insulating films

have to wait subsequent wafers (in other words, "waiting time" is generated),

25 which varies a total processing time between formation and cure of the

insulating film for each wafer. Therefore, thermal histories vary among the



chanber after irradiating with the electron beans to cure the interlayer
insulating film In another viewpoint, the present invention is a substrate
processi ng nmethod conprising the steps of: repeating both a coating step of
coating the 15 substrate with a coating solution which becones the
interlayer insulating filmand a pre-heating step of heating the substrate
after the coating step; and after a final coating step, irradiating a
plurality of interlayer insulating filns on the substrate with el ectron
beans in a processing chanber to concurrently cure the plurality of
interlayer i tf j : I i ' bl veht

W th the el SEReEs TRE SxahIE e e B O e PO AR fOh LY

i rradiated weiforpledCtafe boaifighavhich 9xdy aretlerald varpkiondin qualis ofethdy
irradiating'the interlayer insulating fil'mon the substrate with the

el ectron bemrmyehiﬁmghtiﬁgeﬁms_ t he pol ynerization reaction of the
i"nterlayer insulating filmis started in a short 25 time and the curing
speed of the i nteFuather, thescl@ng pgotedsing sn ithe heating. futhace iy perfosmeddnces

the curing processing tinme and also reduces the total, S Processing tithe,
B t enper 5~r enimémum einge §or siompletion ofr dleapolyngrization reaction in-oxderetsess
| ow hea w tenperature thu a Curing prcessi ~t heat to a h C~- be t

r esi st ance. impro¥e dheothrayghput,cand rthys dhebﬁobﬁﬂﬁﬁlﬁﬁongﬁeaﬁﬁonnﬁlﬂy gohtbey
const pegrxneq.i.n s~gl.e ~re+ the irradiati ;atin terial .w. ant, ~e
cobst rnow SHTgiRngyRerE inaglesp Rowion of dae intes b ifwilgling g e,
Insulating flm~d c ne.be t Q..us, kee .~e excel lent ~ ~g processin , een
f~ation pngthg%tgflayegé%qlgggngﬁﬂr%pgs&fla{gpeﬁfrnttb]lq: *when Penetration c~
peg, ctro 10 die interlaYerinsula . ~ uni rib eamr Besides if ~e , tang
filmhas a lar f~ Curing prose s~ whjch educed xygen atm Radi ation y~, i~

the ge wl C'ﬁﬁ@éﬁsuﬁé@tﬁé’ﬂvi@éﬁ%ﬁas" an atnos sphere with ~ x el eC~. on beds

is beans from sc pheric ~r~ ecm Ygen Cncentration Peg~ed ~ a with ox

a~ei ~g and 1s~ es Tﬂl%?bpés%gi ih@ehtidNas mhae ihhﬁiev@fonﬂh%”aﬂ)réﬂﬂh%déﬁ_egbigltf

is nolecules. ramem “tied ele atno den the reduced a el ectron beafi

Ctrn I'1idingahdtit$ BBRICE i§t6 Pesforen e &F&%maﬁfm@eﬁriﬁgqn‘bcés/ﬁﬁgini d shérter
bs~ate ~~ a gas a is created by re aused by ~ el eC~C Pssible t res~am f

mol ecul ar weimé dildaat ngleweptenpesatiréeind cedirdes the Yotdleprocessingi timeoof a-e
gt lower than g is elec 20 that ex~ples Preferably pe~o~ed xYgen nol ecul
~n beans es substratesudlvasaa fwafes erathe dikel to therebiynrealizaya redustienfiat TAle
cu~n g ulat~g ~lI xh, Note Cult weight |ower x~ple~ helium vitro

Alterti &fi vé%hgeuﬁroand'lfmlq).. ~~ that of reducing a pressure Y~ the x~uced x

Vie. oxygen of ~e mthe prce ss ¢ Ygen atnsphere m Process~g ch~nber 2
restr ~nyg The presgnt invention 1% a sgbstr:fte processing metilo% comprising t5ne

steps of: forming an interlayer insulating film on a substrate; and irradiating
the interlayer insulating film on the substrate with electron beams in a
processing chamber to cure the interlayer insulating film.

20 In the present invention, in the step of curing the interlayer insulating
film, the substrate may be heated to a predetermined temperature. Besides,
the step of curing the interlayer insulating film may be performed in a reduced
oxygen atmosphere with an oxygen concentration lower than that of at least
an atmospheric air. In this case, the atmosphere around the substrate may be

25 replaced with a gas of molecular weight lower than that of oxygen.

In the present invention, the pressure in the processing chamber may



ng h~ber. aY be Create scattering fe C- reduce ox ~e |'educ~on in ~ d bY
the matted ele ~. on be ygen nol ecules a pressure present ~v ¢ ans. ~d the
ention a pie~heat~ 1'~e to Ing |Is Per fo~ned be ~' een the 6 coating step
and the step of curing the interlayer insulating film whereby a sol vent
and the like remaining in the interlayer ignsulating filmcan be vapori zed.
This can prevent the solvent and the |ike fromvaporizing due to receipt of
hi gh energy of the electron beans or the like in subsequent curing 5
processing, thus preventing the curing processing from being

| nappropri atb%'dbrg%ﬁéﬂ ﬁf?\h?‘ﬁ%@ esﬂﬂ thedleétr8Abeanisam nating a |ight source

of the el ectron beans. ent 1 nvention, the period of tinme between
conpl etion of theRrfehgriseRo invaRticndal preaibain®Rte) of eedtiys thetsabsirate
the el ectron beans is to controlled to be constant, whereby thernmal

hi stori es ofmsybetpafemméd aftdrithemubstratd ingoatedt withi 4 icadtiagi sulutiohhwhivh

él ectron beans becone uniform This restrains variations in thermnal

hi stories abeogmesbshe anterlayert insulatipg efitme anidnbdfeneoenre odf Hbat iriterlayer
provided to each substrate, resulting in fornmation of appropriate

i nsul ati fig finsulatingvfitm byuitradiatiogu avith ythelslacﬁomh@epn@senﬁl ithise gasenthe
post-heating is perforned after the curing processing of the jnterlayer

i nsul ating Dered ohéimepetveen comapletion ob the prs-heatingrstep Ange1rzadiatiop,of

the i nt Sfl g is'?#islbi &8 Wit Bien pEron cOSRHS  padl e GAMBEFS: Hario CoBSRm
an interlay Lnsul éin élf?iltm of a hetter (gl_suug!(i]t qulreth rfasent than a

i nvention, ué@’rﬁi’ ! _ %f"t&g iTAaY em _‘? fic%dnJ-l T ﬁ'}rgr et
wher eby t he "IBSRE of I buRuFAETA (BY st BF SRLnInebibr BT sh el e,
i nventi gf conpris 1 t\l/lmgf%l%géﬂts .en"tfo?lefghl%\&%ab%?cﬁe %@Ehﬂ@dzﬁl ﬁ{eegF essing

coating a substra a coating solfution ones an I nt ayer

insul ating ichhfitepda ePri?rzﬂﬁé‘imggw{iﬂﬁRhET elRRAon"Hehfi 9behFA tRe afritéAayer
the coating step; and after a frnal coating step, irradiating a plurality
of interl ay%sﬂlaﬁngaﬁ]im_g films on the substrate with electron beans in a
processi ng chanber "to concurrently cure the plurality of interlayer

i nsul ating In another viewpoint, the present invention is a substrate processing

s

method comprising the steps of: repeating both a coating step of coating the

15 substrate with a coating solution which becomes the interlayer insulating film
and a pre-heating step of heating the substrate after the coating step; and after
a final coating step, irradiating a plurality of interlayer insulating films on the
substrate with electron beams in a processing chamber to concurrently cure

. the plurality of interlayer insulating films.

20 In the present invention, the irradiation with the electron beams
enables effective irradiation of an object to be irradiated with electron beams
having extremely high energy. Therefore, by irradiating the interlayer
insulating film on the substrate with the electron beams with high energy, the
polymerization reaction of the interlayer insulating film is started in a short

25 time and the curing speed of the interlayer insulating film is increased. This

greatly reduces the curing processing time and also reduces the total



films. Therefore, the plurality of interlayer insulating filmcan be cured
in a5 tinme shorter than that in the prior art. A substrate processing
apparatus of the present invention conprises a first processing section
having a coating unit for coating a substrate with ? coating solution which
becones an insul atingpfy..m. a second processing section having a curing
processing unit for curl ﬁ@lﬂgtet' sulating filmon the 10 substrate by
irradiating the substg ,ﬁé%s one "on emvé% el ectron beans; and a carrier
mechani sm for carrying t@st rPab'e bet WeenSinpe {I r.st pr ocessi ng section
and the second proce'elalqﬁ sectlo thptipg substra Il ng appar atus of
the present invention gr OCGSSI tbelctu I nclu ﬂ

el ectrode between aIOMD Yabk g ta i ch thé{@:pmd 1@ i s nmou ?%tdtang hig]

a device for irgadiating wiesistdpg, eI ectron balow, i n t he sub8itar po

procgssi tng a{)par 3t ngﬁ%‘ﬁ]gf presertt fnm;@ onfb ttbh {Qgﬁelﬁft hplrngcess;’;g Ied at g

may be structured suc n|ng R a&f e Sllaginpat e i s

mount ed applies a bi as voI subs Iétzoﬁ lp the dlerig] wi

substrate processj ng appa‘bﬁ dotapf ILhe pr eseﬁlzfa ¢py ég&g tg ectro tb

processing unit i & ed su a.nn h ressur g cur i ng n be
g Bolie heriy 5 ams

processi ng unit e reduc substra 35|

appar at us of the@@s&e&g nvent i on Ehprock Bit proce (%I on nmay galmo St
include a heating roceSS| n@l r subj ed gng 25 subst} tﬁgat ed

with the coatlng]% 0 heatlﬁé Inq etlw gérate ter]aye

processi ng Hbpar at us of Jerdg J nvent| Clrosc b
section may include &B aéﬁSt coa mﬁb’ grfhn r coat |I§1'§° strat eér\}/\ljg’t ancb
dever

resist sol utiope dbitheg junit for s émggb the subst Piveeg
devel opi ng treat(ﬁr’r&‘?ﬂa ’?E% ety expoﬂgfi 5| ng uni t kfncss exposi ng tﬁtag €ven
substrate may ette] #tOVI E‘F‘% vyhe a@g&rate is allowed to be 5
carried by the carti &t ang |sm an etfrhemngyinj t for

subj ecting t hbe ate t gr ocess enrc cLeduced P

at mosphere may be ﬁ’({m gﬁ the éé Qﬂd’)}ﬁé cessi ng Ie@{lﬂlomlo he subsferQt-%
processi ng ap‘pdyg ys of t hﬁg anentloﬁ%'%bléq Iude ac gﬁanber
housi ng fshe Garner and be| ,g r |caI eﬁnrmla% and
pressure reduci ng chani s‘?"m"%r reduci ng t jﬁn t he {mber
to a predetermne Iés&z@reedln the substrate process? Stmnq,aer at us of

present i nv@ﬁﬁlﬂmgp}, I'é he 4ms Couldmg



pressure in the second processing section nmay be allowed to be reduced. The
substrate processing apparatus of the present invention may 15 include a
reduced pressure chanber housing the carrier mechani smand the second
processi ng section and being hernetically closable; and a pressure reducing
mechani sm for reducing the pressure in theg reduced pressure chanber to a
predeterm ned pressure. In the substrate processing apparatus of the
present invention, a 20 thermal processing unit for subjecting the
substrate to thermal processing may be provided in the second processing

section. AC%BhﬁhggstEﬁaitrg!:tlféJQ 6f%u?fmr%°ﬂ§éiﬁ\ﬂrlﬁ BALAdHALAL filiR, WIRYERY a

i nvention, the stibst on each of Ich the thsulating Filmis forned
can be subj gghwahtt an@uthe ik Genshiity dne thy ﬁn@nlayé}feriﬁanaﬁngalﬁlnﬂg;m e of
the 25 substrate before and after the curing processing can be elim nated,

| eadi ng to aapetigeti oThis c'ﬁﬁTﬁ)&fveﬁtJﬂié selvenprandethei like fidmeaparizihgelue to

él ectron beam has 9 extrenely high energy as conpared with conventi onal
heat ener gy resdipt elfyhigh muleygy rofzhei elactrondicams of the likesin subseyjuent euiralg i s
carrier out in a short time, and as a result, the curing processing tine
can be g5 eaprocessing,cthus pneventingdhe (hying peogassus ﬁqrg%leimg inapprepriataly
whereby a reduction in TAT is 5 achieved. Further, by providing the carrier
mechani sm Desformes aad dhe solpentciiom coniammnating pdighiesourse of thy electron
processi ng section and the second processing section, whereby its carriage
to the curi ®§3Pocessing unit is also performed appropriately, resulting in

ol cotrode can conthghe PiESen dnisRiRt. BRbrindar tne HSRERBrompietoliof the
; i © . . .
R
substr a2 cSeTROTeR (PR Sindtanf| GRCEEY, PRBTRAY RRIGHED JTNRIES R, fife
coating uni ré—‘lfefa?iﬂ%tﬂo“ﬂheti?ﬁacﬁé@i’éﬁ WA the elerdif Beains oM@ inifdn2  This

devel oping unit for “subjecting the substrate to devel oping treatnment are
provi ded i nrédteainkr StarftidiRs Sinnotheekial Ohistafiés AirBsRe S WubsrarRsessH Nthatnid
for exposing the substrate in an area where - the substrate is allowed to
be carried lpreddterfivietrameahafsheats iprprovidet tot e2¢h i subgtrase, btesulting inhe
substrate on which the insulating filmis formed and whi ch has undergone
curing procéemnatjonofrapgpropedte insuating fimsphaviegsd ugifesnt qualitygai n, coat ed
with the resist solution, carried to the exposure processing unit by the
carri er 1frechani sminsthisj prasent tinventor.upespheatdangiisgperfognedfafier the eumang t o
the first processing section, and subjected to developing treatnent. 25
Accor di ngl y pracessig of tthe dntgriayesripsulating Tmy wheyehy ig 48 possiblentp regover

e at us | THOOaAge s JRPRT RAION o, Ui dicRBYET dnsBlrsofig Qe oot

[ be Lnlined. I it.b C . h
subst at ¢t S1HEh ey o B dayer iREIATEE B IrTRA0G aﬁﬁgﬁﬁ@é?ﬁnénﬁ
b ovi di ng. aRerrGR ot in SpetiGef 4 ARRARTERR of A SRl |10 "

af or enegpi oned || ghogNkesBiOSRYENABH, WaSithl 961 Sendiared A e PRSI

i-n the Same processing apparatus, so th proctess to the etching

processi ng ¢hanfier AftePete dMErlAGRE CinsitEP IR RUBEE Sy NgrddidRoh Swith
further reduced.

electron beams, whereby the potential of a charged-up substrate can be

lowered.
The present invention comprises the steps of repeating both a coating
25 step of coating a substrate with a coating solution which becomes an

interlayer insulating film and a pre-heating step of heating the substrate after



The present invention further includes a Garner chanber housing the 10
carrier nmechani sm and being hernetically closable and a pressure reducing
mechani sm for reducing the pressure in the carrier chanber to a
predeterm ned pressure, it is possible to maintain a reduced pressure
atnosphere in a carrier path when the substrate is carried between the
first processing section and the second processing section and forma
reduced 15 oxygen atnosphere therein. Consequently, the oxidation of the
coating solution or the like on the substrate during carriage is prevented.
Furt her mor e é ft?oa%gs%%e;ﬁ hAdt AReF iRl CHATRE st ,”h'%ﬁdfa‘?ﬂi[gﬁ%d i¢radity of
i nternedi ate pressure between the at nospheric pressure and e gressu es in
_the curingnrRsessinhlafihg fitthst i ethehisubstiatd . witherglbytrbhie beaAss Uine 220
di fference betweén inside and outside the curing processing unit and the
et chi ng_uni prosessasitichdmbiersol dommirtentiyheurs dss pheraliey witineerl ayereinstildthgse
units. By reducing the pressure on the substrate stepw se when the
substrate i ilom:riEherefiore, tthe plurdlitygfuinterlayert insulatieg filmwean betdured in a
pressure is highly reduced, a burden inposed on the substrate due to
pr essur e5 chdge shartenthan thatandhe prriart.t he present invention, when the
pressure of an atnosphere in the aforenentioned second processing section
is allowed to be Aegubstgiatesprocessing|appayaius olther prasent prasyiQn EOMPFSSHEr e

can be maintained in the secon rrocessi ng sect.on. Consequently, the,
pressure redlf&t PEOCISSHE SechipR Véﬂgr?gcﬁﬁa’f"galﬂﬁttfg’é (@i‘it’inﬂgap?‘&’@g@é? TEith A ¢

o5 SShab OB FERED 123k, MSIGHAE AR Y BoBin ot
Ce et TSR aT NS PAERRHRCRSOA PBATOE O A T b

the redyged sﬁ[)?ﬁ'?air ﬁy qﬂ%ﬂﬁi&% thé sHbQLRES rdHenSﬂ (ﬂ{eeﬁfiﬂ{ ElecitltoanEé’IﬁE Ztaﬂd -

possi bl e to mal n are pressure atnosphere in the carrrer p

the substraigrmiér infedfiniéiRd fof ng thel siBbtrNeOBBARE thECHraN RStk

second processing section and form a reduced oxygen at nosphere therein.
Consequent | ¥ectib aﬁ&ilﬂétée@()nﬁfprbbéssﬁﬁ?tshﬂﬁoﬁ!)' ution or the like on the
substrate is prevented. Furthernore, tThe pressure in the reduced pressure
chanber can be redncthé sabstratenprocessingt appaesiasref ithe¢ ywresenth énwentiomhére c
pressure and the pressures 15 in the curing processing unit and the etching
uni t, wher eloyringepeessingeunit nay mcluedeat grdrelectsode betwleenasindenting tablé ng
processing unit and the etching unit is reduced, resulting in the pressure
reducti 5 t iome vdtichhthse substrate 'is Bnpuntade andi pt dewicss fox dmiadating witls, the i s
an explanatory view of a horizontal section showing an outline of the
structure ofl¢HIOMBEAMS; ng film form ng apparatus in which a wafer

i t hod ding. t mbodi ment is implemented: ElIG 2 |
Front view of thelRrii SUPSEAIE: PFRESHREn GDRBRARS: Ok B¢ Riessny nvantigrs the | o

s an expl asgrioe DrbERE MLl e SUERREORIGH Mot g pioudiine oIS

which the substrate is mounted applies a reverse bias voltage to the substrate.

20 In the substrate processing apparatus of the present invention, the
curing processing unit is structured such that the pressure in the curing
processing unit may be allowed to be reduced.

In the substrate processing apparatus of the present invention, the first
processing section may include a heating processing unit for subjecting the

25 substrate coated with the coating solution to heating processing.

In the substrate processing apparatus of the present invention, the first



FIG 5 is an explanatory view of a horizontal section show ng anot her
structure exanple of the insulating filmformng apparatus; 5 FIG 6 is an
expl anatory view of a horizontal section showi ng an outline of the
structure of a wafer processing apparatus according to an enbodi ment; FIG
7 is a front view of the wafer processing @pparatus in FIG 6; FIG 8 is a
rear view of the wafer processing apparatus in FIG 6. 10 FIG 9 is an

expl anatory view of a vertical section of a curing processing unit; FIG 10
is an explanatory view of vertical sections of wafers each show ng a state

in which a fgrhBkdsing YeBHBnMayIAchRIEh ﬂe&‘is?%ﬁtiﬁ%%ﬁ%Sfbf‘%oﬁiiﬁgiithé%dﬂsﬁatél

I s an expl artatory vrew of a hdrizontal section show ng an outfline of the

waf er procesgithth 38t sblstivheimdn @évdlopihgitinit for BuBjeciRE thesabsirafd o
P

12 is an explanatory view of a horizontal section showng an ' outline of a
waf er proceskvetopipgatratmenticlandi ag expesiree grocessing airdbaforeexp@singl €he 13
I's an explanatory view of a horizontal section show ng an outline of the
waf er procesubstrateomaaythes préreided 81 anhangaowhsese rihe wwubstratoap allowedtodeel
in a second processing station;, FIG 14 is a rear view of the wafer
processi ig ®apdedthysthencamies mechansm. guinathis gase, ai elching vgitufartsubjecting
waf er processing apparatus in FIG 25 13; FIG 15 is an explanatory view of
a vertical éﬁ@tsubﬁ 13ole fiChdng Procsssinginra redneasd pressugs aﬁn@ﬁrgl&rﬁo@@yib,e

placed in a curi rocessing unit; and FIG 16 is an explanatory view of a
verti cal sed)chBHP%nB'\AﬁWgseé: PRAEPEmESeRHiotn a pl asma generator is

provided in a curiig. RiASsRl n{,gg%gi{,ﬁgagﬁgéaﬁlétod&n&gétﬁgéﬁ%%ﬁ} ﬁ?“@gﬁé’%&%ed
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this pregenthepriedidallsntldsableTPAianpisufd fedwcing mechahisny i fow reliukiiy the

pressure in the carrier chamber to a predetermined pressure.

In the substrate processing apparatus of the present invention, the

pressure in the second processing section may be allowed to be reduced.
The substrate processing apparatus of the present invention may
15 include a reduced pressure chamber housing the carrier mechanism and the
second processing section and being hermetically closable; and a pressure
reducing mechanism for reducing the pressure in the reduced pressure

chamber to a predetermined pressure.

In the substrate processing apparatus of the present invention, a
20 thermal processing unit for subjecting the substrate to thermal processing may
be provided in the second processing section.

According to the substrate processing apparatus of the present
invention, the substrates on each of which the insulating film is formed can be
subjected to curing processing one by one, whereby a waiting time of the

25 substrate before and after the curing processing can be eliminated, leading to

a reduction in TAT of substrate processing. Moreover, the electron beam has



10 insulating filmformng apparatus 1, and FIG 3 is a rear view of the
insulating filmformng apparatus 1. As shown in FIG 1, the insulating
filmform ng apparatus 1 has a structure in which a cassette station 2 for
carrying, for exanple 25 wafers Wper cassette, as a unit, fromto the
outside into/out of the insulating film 1% form ng apparatus 1 and carrying
the wafers Winto/out of a cassette C, a first processing station 3

i ncl udi ng various kinds of processing units for perform ng predeterm ned
processing in a single wafer processing systemin an insulating film

form ng proeatfomdly histeeldigg SeGhpard RAAVLARVERURAIMat ehelhit Yhéreby a
processing station®3 for transferrihg the wafers W and a secorid 20
processi ng olyiretiZationCreadtion cfhan iekerl aBRg impatedial i§ cadidi’ @eiisa RHotitnedS
for performng curing processing of an interlayer insulating film are
integral |y cownastaeresult) thbeurass processing itine 2anabegreatly tredated.as drices C
can be nounted at predeterm ned positions on a cassette nounting table 6,
whi ch is a rthensubsgraté pocessing time is i reducadarwhentbyeat resluctpon in TAT is
top-to-bottomdirection in FIG 1 A wafer carrier 7 which is novable in

. ).. . .
the direbti @chigves.r ahyshentbypreviding the casien mechanisen,xhe swhstrase)caanke i n
the direction qf _.arrange t of the wafers Whoused in the casseifte C (a
Z-directi on;0@9@rﬁm%g?;]lé%ﬁe&ﬂ) the éfr&/ilar@a‘—eﬁssnge seetdany aﬁévéﬁﬁesm% a
carrier path 8 so.as to.be ahle lt)o'ﬁsgl ective{ ﬂﬁ:ﬁt access to .the res eﬁﬁtive
cassettes CPIBCEHNZSLEIOR, WIGIEDY 15 cariiAgg % FRING RIOCERSINGr Uy ilg 0y
the wafers W__The fer carrier 7 js.also.stru red to.b e 40 ge
access to aptelrg‘?@ %?P OPI%lt?elﬁ’clféfélﬁpg MR ?%delb&b%isg} ﬁ&ﬁni‘?ft gﬁl&ﬁh’a&s
on the undempégsgﬂgd first processing station 3 side. In the first
processi ng on'y, a main carrier 13 is provided at the 10 center

ther eof gand var i est et elidfle] RS SABLRGAL A cBhfiol ek Rlcls B bfd e

tiers around the nmain carrier constitute processing uni ups. n

the i nsul at ifignbés 5F ERICHIME FIdIBEAbH Dehmd FRchn® B8S Shbédratel t _'Hﬁé’ﬁﬂﬁuﬁi‘n&
X, &3, and A4 are placed, the first and second processing unit groups

and G2 are phileedn avhicheter subistiiteds ehothed applied Anevérsenbiagrvoltgge to the
apparatus 1, 15 the third processing unit group G3 is placed adjacent to

t he casset t gubstrateywlterebydhe readhingtdistance exfsneyg y miftel gctoop bédmssreachingg
adj acent to the interface station 4. Further, a fifth processing unit group
G5 shown by the hnsiderofl theessubatrateecanibetcomtrolled.pl aced on the rear side as an

option. The main garrier 13 can carry the wafers Wi nt o/ out, otj t he .
under nedfi oned varC[Po BF%@B&§PM§“‘2@K10IJFW eél\ﬂ/nrq,sﬁtaﬁf%atg‘!&d%t Lﬁrth‘-}%’élf the

i ' Gl, &2 . o . .
e ) ARSI oS SRuuBon o SR Sl s
nunber o prorsliefbls BRke R sRARRhE A e pkFYid, i etk ilotes R seffign

first procesgiingn Wipbs@fe ProcEssirfS uilioft éxpdsifg tRe suBRraftfin' 3! frea where
the substrate is allowed to be carried by the carrier mechanism is provided, it

20 is possible that the substrate on which the insulating film is formed and which

has undergone curing processing is returned to the first processing section

again, coated with the resist solution, carried to the exposure processing unit

by the carrier mechanism, subjected to exposure processing, thereafter

returned to the first processing section, and subjected to developing treatment.

25 Accordingly, a photolithography process of forming a resist film in a

predetermined pattern can be performed in the substrate processing apparatus



15 and 16 for applying a coating solution, which becones an insul ating
film 15 to the wafers W are stacked in two tiers. In the second
processing unit group &, a chem cal chanber 17 including buffer tanks of
chem cals and so on and a coating unit 18, are stacked in two tiers. In the
third processing unit group G3, for exanphg, as shown in FIG 3, ' S a
cooling unit 40 for cooling the wafer W a transfer unit 41 for
transferring the wafer Wfronito the cassette station 2, |ow tenperature
heating units 42 and 43 for heating the wafer Wat a | ower tenperature, a

hi gh tenper aifuhe presénihvenitiondandothehafiiref@rtivhedaé@ies\bfipracdlisii can be
tenperature, and the like, are, for exanple, stacked in five tiers fromthe
bottom i n orinkned.10 Asa résulf,dbobebopresaaarocessanyi to caroy phédubstoatedwaanother a
cooling unit 46, a transfer unit 46 for transferring the wafer Wto/from

t he i nt er f aproeessingnappatatiowwhichensit sepamatelyi mrovided,4andhithle substrate
tenperature heating units 48 and 49, and the like, are, for exanple,
stacked in froeessing dimexean be eomespendinglyaeduced.shBy fumhenprevidingtan
pre-heating before curing procgessing i.s perforned at 15 two stages in th
|'ow t enp8r atttelingediiihg Wi tSubstraies vich7 has unglergope thepafeementiongd ng

R e e
X-di ' -1 0- ' adi ion in Fl . i

7 di v oot on PROSEHER AnaPtyhy S, il e BRRssS o fhe Sueniflipicieliifi ern be o
i ect o oAt 4a0nahOUBEL St YroR8schip inbSs Mkfct ufisgrccess o

the transfer uni our rocessi ng un group 4 and
q vi q . i’ . . roo .
5 The- second pr odditsPresBhf M PERial SBRfler indilidely SAGRE RAARES ROPE Bl o5
ti . X T : . : . 1
551 n wh on Carper BRAhAGACAN Heifk Herfibrl A ERSBIC Ul PRERTRP JeRbchiy
film 16 thecHEM S NEbrP Yelueiifs 5@1@”§r§s§uf@r iRNGRe TRAREEAIchARbREN thhey

wafers Wwhich are carried between the interface section 4 and the curing
processing iedetebmiged! dp;ssanfe,elit aismpogsibler ki Ataihten Waf eédwc’s&}\gﬂ?@ui&e
XU,

nounting portions 56 and 57 and the curing processing unit 55. 5 t he
structure ofatmbsphérer ammancarvierdpathr whgnpthecsisisstrage Lisi ¢arbiedvbétwden des ¢irsbed
in detail. FIG 4 is an explanatory view of a vertical section show ng the
outline of tpmecessingtse¢ctionf andetheusécond proeessimg sectipnsand Thoent @ reduced
processing unit 55 includes a casing 55a which covers all. .
15" oxygen atmosphere therein. ~Consequently, the oxidation of the coating
solution or the like on the substrate during carriage is prevented.
Furthermore, the pressure in the carrier chamber can be reduced to an
intermediate pressure between the atmospheric pressure and the pressures in
the curing processing unit and the etching unit, whereby the pressure
20 difference between inside and outside the curing processing unit and the
etching unit is reduced, resulting in the pressure reduction time of these units.
By reducing the pressure on the substrate stepwise when the substrate is
carried into the etching unit or the like in which the pressure is highly reduced,
a burden imposed on the substrate due to pressure change can be lightened.
25 In the present invention, when the pressure of an atmosphere in the

aforementioned second processing section is allowed to be reduced, a



of the unit to forma processing chanber S, whereby a predeterm ned 10

at nosphere can be maintained in the curing processing unit 55. A nounting
table 60 on which the wafer Wis nmounted is placed in the mddle of the
casing 55a. The nounting table 60 takes the shape of a thick disc shape,
and a material having excellent thermal cqpductivity, for exanple, silicon
carbide, alumnumnitride, or the like which is ceramc is used as its
material. 15 The nmounting table 60 contains a heating neans for raising the
tenperature of the nounting table 60, for exanple, a heater 61. The heating

val ue of thaeliRicty 16W FaIRRA pRisart Bimassiftie Gld BE Menalittin Wesaknd he

tenperature of the” nounting table 60 can be maintained at a predeterm ned

t enper at ur e.procédifyg dettién e Chiveg ety thel prds@reradiiciionaimeesgel étchin
allowing the nounting table 60 to be rotatable, for exanple, a notor or the
like is plaesdt andehe cheingoproicesgingaitie chfl beHedaeedi t becones possible to
rotate the nmounting table 60 at the time of irradiating with el ectron beans
from under ment i ondd theqresgntpinvantitss Wen: she ravbstrate PrOGessingi Appatiafiate
the 25 entire surface of the wafer Won the unting table 60, with {he

6l ect r onSbedHsher iachdes 4 rgdueack pagssiEe Ishousingtenearpies ingeliamisnh o

raising 17 and |owering nmechani sm v%,hi ch allows the unii ng table 60.t0

be vertical Beeond SpibegrSign seetitr cedl bthateRwetigAlly SiisABle, and ‘4

agj\tjgrr:sﬁ?:? he di nce with rn emt the u errrentiongdeeéLir n_bgam

Cubes oo, TiRShTR: FolyRinE) MechanfiBrihr ABgbiine B, PRASRE i fher shdlce
e 5 L I . . . q

the ount | ngtpaure ERadbet  to 8" Brediahhiind bitkade, Uit pBRoet B8 ERRE

Thi Ul e . . ¢ . . ¢

Wand the r SRR ST pRUGtE Mndliticrp dn he Caffiel Ba #EEh e sbshale”

the nouppi ngs t@RtiedSBetwéen ltRe Clfdt NPrdte’SHzeS kBt dncb Thé Ngdcdnds B%Eessin

irradiation device 65 for irradiatihg the wafer Won the nmounting table 60

with el ectrgectieanand Toami 4 rediedd oxygdeni atendsphiene Ithersnpl C@iseguentlyothe
beam t ubes 66 each for applying an electron beam and an irradiation

control | er @kidation wft the lcoagnguiqlutionf ot Hke dilee oo thd sabstratedis previredon
time. The el ectron beamtubes 66 are 15 arranged in positions facing the
mount i ng t alifustismoreathe ppessuse in dbe reducdd pressiirgy chdmbes cantbe reduced to

el ectron beans, can be applied to the interlayer_ insulating filmfrom above
the waf er WanTidéemnediate pressane bebween dhe gtmoaspherie pressurgeant the peessgees

wi dens as it approaches the wafer W and the entire face of the wafer Wis
can be ifradRati€d CHINE DRRCESSHE m\ﬁ @é&ﬂéhwtpﬂ%mt,owh@mby dheaPressure he

bi pos. 68a. arBTEHYAGR PELHERR AL 360, PHENEE TR GUjGerpradGRs BRa N Ang the
oi pe. 68a | s SREIRAE i, R Bestifing 16, s ot BrBuEhS AP of R HEHY

and the supply pipe 68b is 25 provided on the opposite side of the
under nmenti oned carrier opening 71. This enables the inert gas froma

not - shown Slﬂ%ﬁ'D%Qb’ﬁﬁﬁoh%f%raWﬂ@si ed into 18

20 FIG. 1 is an explanatory view of a horizontal section showing an

outline of the structure of an insulating film forming apparatus in which a
wafer processing method according to an embodiment is implemented;
FIG. 2 is a front view of the insulating film forming apparatus of FIG.
1
25 FIG. 3 is a rear view of the insulating film forming apparatus of FIG.



the casing 55a and substituted in the casing 55a, which creates a reduced
oxygen at nosphere in which curing processing is perfornmed. Mreover, the .
supply pipes 68a and 68b are provided with val ves 68c and 68d for

regul ating the supply quantity of the inert gas, respectively, whereby the
supply quantity 5 of the inert gas to be stpplied into the casing 55a can
be regulated. On the other hand, in a |lower surface of the casing 55a,
exhaust pipes 70a and 70b which are connected to a suction punp 69 placed
outside the curing processing unit 55 are provided to be able to purge the
inside of the casipyg; 532js 1 TXIANAIBESviRwPeSt WOdeififal’ QBcAOR BF OYi Efsth
with valves 70c and 70d for regulating exhaust quantity, respectively. e
af orement i ogdcedigunc and 68d and 70c and 70d are structured in such a
manner that ‘their opening and closing can be operated by a control part G
In the casing 55aFI&.deisat iexplacaony view of alhdeiebnty] settiohashowing another
pressure and oxygen 15 concentration in the casing 55a, and obtai ned

det ect ed datstrucimrebexamplesaf theethsudatime filonformingeappagatuSych a structure
makes it possible that the data detected by the detection sensor Kis
transm tfed to t h&l€bnbrisl apagxplanateayt view tofe acharizentadasactionopbowing ame
val ves 68c and, . 68d ?gﬁ val ves 70c.and 70d ' based on the data. Accordingly,
the supply dudhnetgt dhet sfsuctyge (olyas wafepProgessipg| REPasaY A06ereing HQ &ba
and the exhaust quantity to be exhausted to the outside of the casing 55a
can be reguﬁ%ﬂ&%ﬁnwﬁgfeby the baronetric pressure and oxygen concentration

in the casing 55a e contral.l ed redet erm ned val ues. Nbr er, when
the wat or Wi's camiked i SOt 8. e FT oS pe AT ts TRE i |
quantity fromthe ' [ 0, i.ng. .1 stdegcan be
i ncreased, which ,@Eﬁ? %tgggﬁsﬁgﬁegfg@%%néﬁ%kﬁég m‘h rleqr]t}1 gﬁ g}hi ch
has | eakgd fromt agpreer j t i i gt :
predeteirirsn' ned at m@%ﬁe?e@n@@é@gﬁtéé’ g@gw eactavraeﬁigél gg%ﬂ;i:éﬁgﬁgﬁfc(}lrnng
carrying t hgyrpgé@fin¥Minit;out therethrough is placed on the carrier arm 58
side of the’'casing 55a. This carrier opening 71 is provided with a shutter
72 whi ch makes t h&IGar M@risome Explandtoppariaw of vertidar lsesdbhs of ThiafeR tauls
the atnosphere in the casing 55a to be cut off fromthe external atnobsphere
t o mai nt ai n shbevipngealstateninnedich ro fiie ie formed corr dbé ngafeban ésolt pracessing
processi ng process of the wafer W which is performed in the insulating
filmform ngtepparatus 1 structured as above will be explained. 10 First, a
waf er Wtaken out of the cassette station 2 by the wafer carrier 7 is
carriedlfo the trdl6kell usian mplmomarvnewog lee hetizontalyseatiomshawdng rarer
13 into the cogQlin nit 41 which controls tenperature. Then, the wafer W
is carried Wtﬁn@ ofuihe wffér PTOGESSIRS APPAEYYS | WhenAn eiching gunig 1S jproyided
the wafer Wjs coated with a predeterm ned coating sol ution which becones
an 15 inter Y3581 nsul ating film for exanple, a coating solution

o) R o o6 T2 T MBARL i S MR, I e o
iga;‘it 'ng“sgf lﬁdﬂféﬁ& ?Etai\gegé;if cﬁr8%§§ipg ea'ia‘b‘a?ﬁt‘ﬁg iNehRfinda felu¥Bl preddite HAMHE
20 FIG. 13 is an explanatory view of a horizontal section showing an

outline of the wafer processing apparatus when a sixth processing unit group
is provided in a second processing station;
FIG. 14 is a rear view of the wafer processing apparatus showing the
configuration of processing units in the wafer processing apparatus in FIG.
25 13,

FIG. 15 is an explanatory view of a vertical section showing a



entire face of the wafer Wby centrifugal force. 20 Then, the wafer W
coated with the coating solution is carried, for exanple, to the | ow
tenperature heating unit 42, where the wafer Wis subjected to heating
processing, for exanple, at 150C for two mnutes. Thereafter, the wafer W
is carried to the high tenperature heatingzunit 48, where the wafer Wis
heat ed, for exanple, at 200C for one mnute. By the 25 pre-heating in the
| ow t enperature heating unit 42 and high tenperature heating unit 48, the
solvent in the coating solution is renoved by vapori zation, 20 and an

interlayer ispgiehale iﬂgwh'idl{fhi%id @Ie@%déﬁsﬁ%lﬁcé@h?_ﬁ c%ﬂgeilﬁ_focetsﬁith%‘@ﬂvgf a1 s

carried by the main Garner to the transfer unit 46.” Then, ter Wis
carried by the wafgG.ca6r issrard@xiplaridiory nviekf asfe aseektiodl 4ettoi hshawiny iang
portion 57 in the second processing station 5. 5 Subsequently, the wafer W
is held by stracGaenerwhich aplasira generatdr isiprovideddnrd ogring presessigg wmit. 55
concurrently with opening of the shutter 72 of the curing processing unit
55. Here, operation of the curing processing unit 55 which perforns curing
processing on the interlayer insulating filmon the wafer Wwi Il be 10
descri befl. BestModefor Earrnangaguthednyentpni ed i nto the curing processing
unit 55, the heating V%{lr.le of the heater 61 is controlled by, for example,

the control I er not dislgrreducanbodiment of the presert HRvantiomytikt begexplamedso
i intained, f l e, at.250.C whjch.is higher. thap the heat.
t emper at ur o B510Whe Fkbr G BIEH P B ShORSRE o8 ol tiog; hcAT, AnEU ENE] §ilm
by the.car r tOPRAARBAEW: T B MREH APrHEe e SnEelod M v Ve R
{i ¢ . _ a .
over i ng.pi (aSeFRRRL nembBguietP 37 tnblREREL, DI 2 3¢ 4 HORTviBR of the
: , it bt . )
o Gl osdd) it M Al BpEAS L R PG D s iRy PEUR kR,
raising a!’ld_ﬂ]ﬁY\ﬁ;ﬂnQiglgp‘i fusapd nounted on the nmounting table 60. This
starts raising the t erature of the wafer W At this tine, helium gas,

for exanple, is suppkhedn i FIChel case ﬁﬂsﬁﬁﬁn@rﬁmltftﬁ'rﬁilmgphp?ﬁam 168as and
68b, and the atnosphere in the casing 55a is exhausted fromthe exhaust

pi pes 70a asttuéfire idSwhicts aqpassetty stition Beforwargragi fors example 08dwafers W
casing 55a. Then, the detection sensor K nonitors the oxygen concentration
in the casi pgrs@msededas 2munihefromatto othepantside apte/ant oth the dnsulating film
detected data the val ves 68c and 68d and val ves_70c and 70d. As a result,
an at moépheferming appaainstashcamyngntheawaters Womtelaatfa cassetigy(gen first
concentration of 3 ppm or Ioivg[ i.Ss .mai nt ai,.ned 'h(gmihe gasi ng 5ha. It, shquld
be noted t hRTO¢ESING | SRLUOS: daingiding yateey $hcPeaBEOGRFSING pfs  tor

quantity of ptelhﬁ)rprﬁln'gugr]e %egﬁigg]dtﬂlr%cggﬁglg%n a single wafer processing system in

an insulating film forming process, an interface section 4 provided adjacent to

the first processing station 3 for transferring the wafers W, and a second

20 processing station 5 including an undermentioned curing processing unit 55

for performing curing processing of an interlayer insulating film, are
integrally connected.

In the cassette station 2, a plurality of cassettes C can be mounted at

predetermined positions on a cassette mounting table 6, which is a mounting

25 portion, in a line in an X-direction (a top-to-bottom direction in FIG. 1). A

wafer carrier 7 which is movable in the direction of arrangement of the



pi pes 68 when the wafer Wis carried in/out. Wen the tenperature of the
wafer Won the nounting table 60 is stabilized at 2S0C after a | apse of a
predeterm ned period of time, the wafer Wis rotated at a | ow speed by the
drive nmechani sm 63. Thereafter, as 10 shown in FIG 4, the interlayer
insulating filmon the surface of the wafgeq Wis irradiated with an

el ectron beam at a predeterm ned output, for exanple, 10 keV, from each of
the el ectron beamtubes 66 for a predeterm ned period of tinme, for exanple,
two m nutes. Hence, energy of the electron beans is supplied to the

interlayer idgudipdd (tﬂefxtdlﬂréai&ma.fe& iHBHEOdREATON JF MERY bF aﬁf? Qafeks

MSQ (et hyl silsesqui oxane) which fornms the interlayer 1thsulating film and

thereby the Wnhgudey i the'eadsetienD (al Z™itection; eflvertitill dHrdctidn). is tpie vaded 1o
of the electron beans and irradiation tine in this event are set according

to filmthi denéeely movabiei alongt awaphier patlar8isohas to be. ableVieselebtively get
i'rradiation with el ectron beans for two minutes is 20 conpleted, the

rotati on of ackesstnutite regpeative cassdttesdtopped, and the nounting table 60 is
rai sed again by the raising and lowering pins 64. At that time, the supply
and exhalst of thdhewaler gagiers/ dasmpedligmment funetien for aligning he

the carrier arm58 goes intp the casing 55a,, and the wafer Wis transferred

to the carriWr akhg Bafepcamigrsetfalse siructured ger e able to geb ggaess to grivanger
curing processi unit 55.to the nountin ortion 5 nd pount ed t hereon
Then. t he. vt A ngludesb in 3 inigh Pogsssiik Rk Etmp CiE ORedhe: Uegs mastitioth
the main cartrigr 13 to the..cassetie station 2 to be returned to the
cassette C, Hi pgocéeesrs}rgsstgpqﬂajé e\Nprocessi ng is conpleted. In the

"noulati ng f11m i ShpberaRRrER ik Rdth % MEFCREN, £ if MoPiddd B

on the ygf eroiui heRbeCtign vasaE Kidds UrotheTb8Ys ll,-lﬁ Culi®s | 4€ gt;aggle?gin

required for e curing processing Is remarE’aEﬁly re(f d as conp

that in the Raliifledidrs 2B6GhdIhe MRARCEreRRr IS combtitiie ?&Gcé%&_ﬁ?é uAnt %lidi‘lp_s.
penetration, reach the inside of the interlayer insulating fil'mto Tealize

uni f or m cur ifaothEOiRUPARSS ifilth Fuaning @pparatis 1,nforrr! gaoeessingulaiti moups! G,
Further, since the wafer Wprocessing can be perfornmed in a single wafer
processi ng <331 &8, dritk Géniate pladedyetheffitsteanthbecond prosessing mnit gadwps G1
processing systemis elinmnated, the total processing tinme of a series of
waf er pr ocesndnG?2i arerpddoed dndbe doonptsidd of dhe linsylating famn formingldpparatus ho
waiting 15 tinme allows the period of time between the pre-heating and the
i rradi atlfon the thirdqyoeessing amibgronp (B3 eplased adjaeent todhetcassette istasion 2,
Kk i th I
eeping erar;l% the fourth processing unit group G4 is placed adjacent to the interface
station 4. Further, a fifth processing unit group G5 shown by a broken line
can be additionally placed on the rear side as an option. The main carrier 13
can carry the wafers W into/out of the undermentioned various processing
20 units which are placed in these processing unit groups G1, G2, G3, and G4.
It should be noted that the number and the placement of processing unit
groups are different depending on the type of treatment and processing given
to the wafers W, and the number of processing unit groups can be arbitrarily
selected.
25 In the first processing unit group G1, as shown in FIG. 2, coating units

15 and 16 for applying a coating solution, which becomes an insulating film,



hi stories of the wafers Wuniform anong the wafers. Furthernore, the wafer
Wis heated by the nounting table 60 in the curing processing of the
interlayer insulating film so that thermal energy can . 20 al so be
supplied to the wafer Wto accel erate the curing processing for performance
of the curing processing in a shorter tings Mreover, in the curing
processi ng, since a reduced oxygen atnosphere is nmaintained with helium gas
in the casing 55a, scattering of the electron beans, attenuation of energy,
and so on due to oxygen nol ecul es are 25 restrai ned, whereby irradiation

with the el gstth@nyAgais Wakrd dtRkede i two RRES.OT I Ghe setdnd ﬁ?@césgﬁlgt unit

pre-heating is perfornmed in the |low tenperature heating unit 42 and

hi gh tenper argnp G224 ichemiBak cdmbef d7einetudinprimitter ainkishef chérnils and so
processing, the solvent in the coating solution is sufficiently vaporized.
This can pr evenid hlveasiapvernt 18; are s@pkedinnyd tietshe curing processing to 5
contam nate the el ectron beamtubes 66 and so on. Besides, the tenperature
of the pre-heati nip therthind processingrunit gmoup &hefariaxamplepas showa innFiGe3,
curing processing to gradually increase the_tenperature of the wafer W

Thi s can5 pr @veonling ankis40 dor eoading they wafex V¥, a iransfes yniti 4k doatrangfenring
and so on, ich occur when the tenperature of the wafer Wis rapidly

i ncreased. tae waferdy fro t%ﬁ@@aﬁﬁte stRELoEy §, ey temperaturg igatingoppits 42
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the processingasdferbait 46 For irafsfetfin rRaRSSW to/ffirh the intetfdde fectdmed,
the suction punp 69 sucks the atnosphiere 20 in the casing 55a through the

exhaust pi pa 169 témperdtarevhcheing fuatit d7ahigle ,terhEerdtawhbaﬁhgmﬁfs 18ende49ng
55a is ensured. This reduces the pressure in the curing processing unit 55
t o mai nt ai nahtethedike,earep fyy enaniplesstacked ihdive tierd frovhahe bditomaneorderat
a vacuumprelim nar%; chanber (load |ock canmber) is separately installed at

t he stage plkskouldybemotedrthat) ppe-bieatingnbefone icushg procedSinghes pedosmed an

t he vacuum prelimnary chanmber is set to be higher than the pressure in the
curing pfocéwei stggasiin e low temmperatmgnheatingtunit gderd® or 44 pnddberhkigh
whereby the period of tine for reducing,the pressure in the curing

processi ng &&Ppe@tufﬁahe%téng é‘@&%‘éﬁz ‘lfg’ or 4§-

In the interface section 4, a wafer carrier 50 is provided. The wafer

carrier 50 is structured to be movable in the X-direction (the top-to-bottom

direction in FIG. 1) and in the Z-direction (the vertical direction) and rotatable

20 in a @ -direction (a direction of rotation around a Z-axis) so as to be able to

get access to the transfer unit 46 included in the fourth processing unit group

G4 and undermentioned mounting portions 56 and 57 in the second
processing station 5.

The second processing station 5 is provided adjacent to the interface

25 section 4. The second processing station includes a curing processing unit

55 in which curing processing is performed on an interlayer insulating film,



Al ternatively, the reduced oxygen atnosphere may be realized by reducing
the pressure while the inside of the casing 55a is being replaced with 5
gas ot her than oxygen. Besides, the period of tinme between the pre-heating
and the el ectron beamirradiation nay be controlled to be nore constant in
t he above-described enbodi ment. In such ajgase, for exanple, as shown in
FIG 5, the high tenperature heating unit 48 is provided with a sensor 80
which 10 detects a fact that the wafer Wis carried out of the high
tenperature heating unit 48. The detection signal of the sensor 80 is

desi gned to ¢3g ﬂ’kbhﬂ%'ih?gﬁohﬁnf’s SS”&ﬁ&'ﬂ?e'foIS%n%LﬁBuﬁﬁ@g ﬂie%ebﬁeth%aﬁvra'f@ﬁﬁ, wm

58. Further, the cont ler 81 is provided wth a tiner function whic

counts a preyhivkshie eairidd ddeweemithedntdrfidce Yeior heaﬂ@ttnetémﬁngifma@éssmg
outputted fromthe sensor 80 to the 15 controller 81, the tinmer function

starts countunig Sdurainanawtmﬁeﬁetm@fem?ﬁhg ther wiafer W Bdtevevnutiid nagonttinig on
57. Upon the tiner function being turned off after a | apse of the set tine,
the carrier pomnios8 Joand S7hendwiecuiing probessingmmindS.porti on and carnes it
into the curing processing unit 55. This ' keeps the period of tinme between
the conpBetion of Newet, ghe-vtamtnre odnhet aforementiongdacuang vpracessingenrittIon
beans nore copstant, thus_keeping the thernmal history of the wafer W ,
constant. AWHbNh deseribed ein detiHl.c hFHds 4inseany sxplanatory rvigy foa everticgl i s

returned, as it. is, to the cassette.station 2 ip.the above-described
enbodi ment . SeREORShOWIRE B BETngITBe S, of the GYAIRE PrPRESSING UBS3S. f or

R Y L
L2 L0 for TRk S 7 o Y ok AR EASRIE S, \RORRSEST it fhes
| emer e tpfRGhot e YA IARLAG in HETBEAAL UBCLIALSITHISTO RURAESSAY,
the interlaygpld BOUSATWARH théNWaRrtW is Pnbfiftedl RCpIR2dORRTRe /IdIBASS (e

interlayer insulating filminproves in insulation performance to forma

better interdaitgy S5asulTd Maubhiting taBRobbankes tHeshfsk e elickedisc @hapbeand
present invention will be explained below FIG 6 i's a plan view show ng an

outline of a nmiterialhaviagsixvgllenpdicrimal cohiduwtivityd fog ek amiphe,ssikicon diarteide,
FIG 7 is a front 10 view of the wafer processing apparatus 101, and FIG 8
is a rear viawmhumheitnideeor theohike svinighaseramicisiosed as itsimaterial. FI G 6,

t he wafer processing apparatus 101 has a structure in which a cassette
stati on1302 for cakhgimgunting tshlapb@, costaips v heatingr meanstfos, raaging the t

o s A ool 8 B s s BERL e B
L e R R e S B RRLAEE  Sh4T SRl GA o
D ceees 1, R R AR, ) S50 R0 4 56ER BB,
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processihg stati ony Ifdve fRECIERISH BS ffddu ‘gre'él Wté‘ﬁ@nirﬁbﬁﬂﬁ %*:gz}lﬁ{}ylﬁgﬂ?é

Moreover, an exposure processing unit 106 exposi ng the wa

pl aced on thfousthgthBR 60 tohee eatatakie, FHRER@MP1ESa Mdtorort e HRESStpl&ced
station 102, a plurality of cassettes C can be nounted at

under the mounting table 60. Hence, it becomes possible to rotate the

mounting table 60 at the time of irradiating with electron beams from
undermentioned electron beam tubes 66 to thereby uniformly irradiate the
25 entire surface of the wafer W on the mounting table 60 with the electron

beams. Incidentally, the drive mechanism 63 may be provided with a raising



predeterm ned positions on a cassette nounting table 107, which is a 26
nmounting portion, in aline in an X-direction (a top-to-bottomdirection in
FIG 6). A wafer carrier 108 which is novable in the direction of
arrangenent of the cassettes (the X-direction) and in the direction of
arrangenent of the wafers Whoused in thejgassette C (a Z-direction; a
vertical direction) is 5 provided to be freely novable along a carrier

gui de 109 so as to be able to selectively get access to the respective
cassettes C. The wafer Garner 108 has an alignnent function of aligning the

wafer W _Thantfichledag et Sl alIBWHRANRMOBRLGD (b8 Serdesss

to a transfer unit I nc a processing unit group G3 on t

10 under menthgugblel i dsSta BINGRES | AFuStindntOmeld® Fol@nablinghadjustlent of the
processing station 103, a main carrier 113 is provided at the center

t her eof , andlivtanceusith iresisectfto tho vedlenmgntiontd deetroh deaatdtubesnéd.t i pl e
tiers around the main carrier 113 to constitute processing unit groups. In
t he waf er processiThe apmanting table160fisuprovided ssithc phiataldy cfy foGkexamples,
and 15 &4 are placed, the first and second processing unit groups Gl and &
are pl acéd dhracheaisingnand lowening: pias/e4 shigh are protiydapleaabeve the mounting
third processing unit group G3 is placed adjacent. to the cassette station

102, a.nd t ftabkeofPtandyraise amdnlpwien theywafpr & whilel supportiagaitentThis allaws
carrier chanper ' .105. rther, a.fifth processing unit grou ho by a
br oken | | ne IB&TaNgoAMKPHESHIE BN 0448 Toie BRd Tessive thie MBfern o A
The main Garner 113 n carry t.he fer Winto/qut of underneptiqped

vari ous proc}@kséﬁlglg a]to ‘W‘ﬁl%kplﬁlrse%%l g%e‘(?"YfH @H@s@%@c@%%i?@fl ni onﬁlfﬁ
G, &, G3, rﬁﬁﬁngﬁ téles uld be noted that the nunber and pl acenent of
processing u gu%ﬁ are different depending on the type of treatnent and
processijRg gi ven t anaf RS affi i LRI

groups égn be sel élg}éegﬁp\f%eﬁ?ééllsﬁﬂ{gggﬁﬁ §§?nlp&r ocesgﬁn%drz:‘i?agr%%ﬁeéfs af(s)r

shown in Fl Gradiatth gﬁé igmer Wor'thé mduntiny t#98t60 WithRINAFG bi¥aiist D Phe

coating sol ution econes an Insulating filmand a chem cals storeroom

116 whi ch hapgdatiorPdelRe 65 iMclhges ?hﬁfﬂ eldcirgiBeam Qibesd65 E4¢it f(ﬁdaﬁpégiﬁ@
n , a

tiers fromthe bottomin order. | he second processing unit group

resi st coat iangeleotronean andcairradidtion ConebdHer 87 viok lcoatrodling toutplitivf dire
and a developing unit 118 for subjecting the wafer Wto devel opi ng

treat ment aredectramkbearms and irradiationotimmée BBhe oelectronr deam | tubeke 66hiarel
processing unit group G3, for_ exanple, as shown in FIG 8, cooling units
130 and 1531 arrangedoin pgsitieasfacing the maunting éablefiQ in an ypperimrface of the
transferring the er Wfifromto {he cassette station 102 therethrough, an
adhesi on uniCASHE3 X3 Shrhatiths € %i&amﬁ appbedeto esmtﬁ%ia&ﬁr

dth f . - haki i f f ' h i
oracessi e, Soedbudiafo Rl AROIE et Walie ¥, e BEA AT BRARIRRM Bt e
o Sxarm o e YA W6 eb b E PR BRCFARESW hda HOURAEE
heat g, pr odsbEBRIRE ettt 1) Sohl Rl AR O Ro IR 9 A ion
coat i ng,gol lﬁ“&@“ﬂ%f‘fl‘i’e EW?EM tiugék”G@iEi ng filmto heating processing, a
a

post - exposur e I ng uni or subjecting the
In the upper surface of the casing 55a, supply pipes 68a and 68b for

supplying gas other than oxygen, for example, an inert gas, helium gas,
nitrogen gas, or the like are provided. The supply pipe 68a is provided on
the side of an undermentioned carrier opening71, and the supply pipe 68b is
25 provided on the opposite side of the undermentioned carrier opening 71.

This enables the inert gas from a not-shown supply source to be supplied into



_ 20 exposed wafer Wto heating processing, and a pre-baking unit 140 for
perform ng heating processing after the coating of the resist solution are
stacked, for exanple, in six tiers fromthe bottomin order. The carrier
chanber 105 includes a casing 105a which hernetically closes the carrier
chanber 105. As shown in FIG 6, a carrienfgnechani sm25 150 for carrying
the wafer Whbetween the first processing station 103 and the second
processing station 104 is provided inside the carrier chanber 105. 28 The
carrier nmechanism 150 is structured to be novable in the X-direction (the

t op-t 0- bot t QR shitd | Pih afdFhdbstithted tn | thet %u@ OBSa‘?%h?%l} (Créste¥ ® rkddted

direction) and rotatable 1n a B -direction (a rection rotation around
a Z-axis) s@xigenCathfosphese iR m%ha&ﬁﬁ% ScdRfng iepeffermed t Mdfedver wsted
inthe 5 fou??% proceégghg unit group ?&the ué%ergentioned curing
brocessing. 8aipblyl pipds68and E8arerprndded vitisvalves680nd 68d forareguiuiny o
processing unit 106. In the carrier chanber 105, a pressure reducing
mechani sm 15he fsuppheduantity ofi¢he imers gas, fespebtvely mdrerebwrthesuppby guantity
predeterninedﬂgrqssure 10 is provided. The pressure reduci ng mechani sm 151
i ncl udes5an afxtheuseripgatta be supplischinietthegcasing S sganebe regulated.GaOmnethe
chanber 105 and a sgction punp 153 for, sucking the atposphere in the
carrier chatber hand; i gulpwemsurdace of ithe gasing 35a; exhausy pipescila and 70b
pressure. Hence, it is gﬁssiale to suck the atno qgge in the carrier .
chanber 105 VEh @d6 ceonnectsd e Q up o SUEHQMPYBD: Y5 | Rlaced apBiside othe Suring
predeterm ned pressure.. e casing,1Q5a of e.carrier,chanber IS .

Pt ovi ded w EROSSIE (it pencgraaded dp B, abli 4§ HireS e diSe of dhe susing
transfer unide 137 therethrough, a carrier opening 156 for carrying the
waf er WintoP8ut of the undermentioned curing processing unit 165

theret hygugh, andp4,&agphi g@@e?%ﬁi;ﬂﬁi sléﬁoié@[%{gﬁriecﬁdr gﬁ%@g%%f%? Whd 70d

i nt o/ out of the exposure pr ssing uni positions

facing the r [ ' j sp [ f '
R P i R s R R A o et O R

and cl osi ng ande68¢ REICTOY andaT0d e ARRIGHIER kPSuélP al Mannee IRECHHeie bpening
whereby the herneticity of the carrier chanber 105 can be 25 ensured. The

second procesd gipsihgt ¢cam Bedbpesated! b}yl % tontrok part 1Ger Inhtdreasing? $520%
i ncl udes a casing 104a which covers all of the second processing station
104 to enabldetedimors esaensorpkochorsideiesting i tre 1bdrometivic hpressutec @ndy oxygen
encl osed. . The casing 104a is_provided with an exhaust pipe 161 for _
reduci ng5t heopcentratieniin thheasighiapand ebtdined sietedted data canbe tramsmitiedist
pi pe 161 leads 5 to a ?uction pugp 162 which is free to suck at a

predet er mi nd@ theesontel PRACE. adch e struciurg dnakes Ak passite thaschesdatp
station 104 L2008 vy e deteton Yenbor REs sttt & e ontrol part G and that
the control part G operates the valves 68c and 68d and valves 70c and 70d

based on the data. Accordingly, the supply quantity of the inert gas to be

20 supplied into the casing 55a and the exhaust quantity to be exhausted to the

outside of the casing 55a can be regulated, whereby the barometric pressure

and oxygen concentration in the casing 55a can be controlled at
predetermined values. Moreover, when the wafer W is carried in/out

through the carrier opening 71, the supply quantity from the supply pipe 68a

25 on the carrier opening 71 side can be increased, which makes it possible to

compensate for the inert gas which has leaked from the carrier opening 71 and



In the second processing station 104, the curing processing unit 165 for
curing the insulating filmon the wafer Wby irradiating the wafers Ww th
10 el ectron beans one by one is provided. The curing processing unit 165
will be explained in detail below. The curing processing unit |65, as shown
in FIG 9, includes a unit casing 165a whijgh covers all of the unit to
enabl e a processing chanber S to be encl osed, whereby a predeterm ned

at nosphere can be nmaintained in the 15 curing processing unit 165. A
mounting table 170 on which the wafer Wis mounted is placed in the mddle

of the unit tﬁéﬁb&%ﬁﬁﬁgm ?}H&egféﬂé@éﬁﬁﬂleﬂaﬁhﬂ)sﬁﬁréﬂf% EAingsmEe Oof a thick

disc, and a materia xcel l ent thermal” conductivity, for exanple,

silicon carbide, gHe¢dvierdpenine71%or ihgeheiwafer 'Wiis/eiet’ therethrsugts e
as its material. . 20 The nmounting table I70 contains, for exanple, a
heater 171 fpdacedoaithg dardet armel&sidecobthe basingsia. ngThidbterrietopettiag 71
heating value of the heater 171 is controlled by a controller not shown,
wher eby t he i$ grpeidedumdtin shheterol2twhirht aidkes1the camidreopeningol 1 expeniable
predeterm ned tenperature. A drive nmechanism 173 including, for exanple, a
not or fof r@ngdt clegabk. t hEhisoaHowsgtheaBimosplietesipithe cxasingidSat tae bhepaut ok
table 170. Hence, it beconmes possible to rotate the untjng table 170 at
the time of FoMathenexismal sEmasphetsl i TREAIABaME DFoRtaRBEINE AtmoRpaere in

el ectron beaﬁntub.es 6 to thereby uniformy irradiate the entire surface
of the waf etDQLEH %rounting table . 170 with the el ectron beans.

I ncidental ly, the.,di stt ance bet.ween the ntin tﬁl e.170.and t he .

onder ment 1 oned el &6oTof WPgR A0S b, wafer W Whie, if pe s iy o
vert] ggl 'y A&@ﬁ‘éﬁb@%ﬁl‘??ﬁ%ﬂm@%ﬁﬁ%@%c‘%@aéd"%ﬂ%% iR B Pafiaifdd” o°
ount | nd0t abl e 178 5 PoEE V8 RF BUOf MG AR Sefof by 1A Htes Raiet e
Consequent | vy, jst Bariaf & the BaRsRE ikie Y2y ahd EavEdethe?Bfrbif biyLile! hidin cabter

170. The curing processing unit 165 includes an irradiatioh device 175 for
i rradi ating 1B3hmteethercodling uhift 4Pwihichocdtbdle teéhtperaturee! SHeiQrthbewater Whe

i rradi ati on device 175 includes plural electron beamtubes 176 each for
is carried by the main carrier 13 to the coating unit 15, 16, or 18 where the
wafer W is coated with a predetermined coating solution which becomes an

15 interlayer insulating film, for example, a coating solution containing MSQ.
The coating processing is performed, for example, by rotating the wafer at a
predetermined speed and supplying the coating solution to the center part of
the rotated wafer W, in which the supplied coating solution is spread over the
entire face of the wafer W by centrifugal force.

20 Then, the wafer W coated with the coating solution is carried, for
example, to the low temperature heating unit 42, where the wafer W is
subjected to heating processing, for example, at 150°C for two minutes.
Thereafter, the wafer W is carried to the high temperature heating unit 48,
where the wafer W is heated, for example, at 200°C for one minute. By the

25 pre-heating in the low temperature heating unit 42 and high temperature

heating unit 48, the solvent in the coating solution is removed by vaporization,



applying an el ectron beamand an irradiation controller 177 for controlling
15 output of the electron beans and irradiation tinme. The el ectron beam
tubes 176 are arranged in positions facing the nounting table 170 in an
upper surface of the unit casing 165a. Hence, the el ectron beans can be
applied to the insulating filmon the surfgce of the wafer Wfrom above.
The el ectron beam from each of the el ectron beamtubes 176 wi dens as it
approaches the 20 wafer W and the entire surface of the wafer Wis
irradiated with the electron beans by irradiation fromall of the electron

beam t ubes é%\@-a.d ﬁlt&ﬂﬁ?f&pﬁﬁhléﬂﬁﬁ i B fdritfed'0h the I7ABPWEES, supply pi pes

178a and 17 for supptylng gas other than oxygen such as an inert gas,

hel ium gas, or ni IN@ethdddafér Wnigcasivd byheragimeArridtaddtd tHeotrafisfed Wning
processing unit 25 165 are provi ded. The Supply pipe 178a is provi ded on
the side of 4&1 Ulen e meafer! Waiy carriedp &y tee Idifer varichS0s upphy intgréace’8b
i's provided on 31 the opposite side of the undernentioned carrier opening
181. Mor eovaectiohed stop they mopnting 7partionl S778h thee speand qudcessihg vsthtion 378c
and 178d for regulating the supply quantity of the inert gas, respectively,
wher eby §he Ssibspiyentlynthier watér Whas ihedd bygthe earriereanm 108 and isardeg pnicethe
into the unit casing 5 165a can be regulated, On the other hand, iLn a_ | ower
surface of CHENgnPTOGEssingguNKsY cepgurrently with apeningnat theshuter d2riithe ng
t he atnosphere, in the curin rocessing unit 165 are provided, and a
suction devF@@Hﬂﬂ¥“ﬁ§§$§ﬁdﬂgﬁ§5the at nosphere in the curing processing unit

165 at a predeterpined pressure |s,connected to the exh? 'P s 179a and

179b. By he 10 ﬁ#'%ffrs_ AF310 of FhE; GHENE; REOGRSSHIE Ul o (RBRE erfdiniye

Feduced 1o CHET BEkHspiEn S fhe: B0ria0en shialh g FE" oh B CRARE Ny ol be
h . Lo . . , .

T76b- ar &0 pr GoreGedt, FififbERor 0B WMIEFICES, chitfed HiE) Me RURE, pfotesSiy

quantity, resRessi el heaﬂﬂ%d@%ﬁ%@f&ftﬁ%q%dtwﬁq ié%drﬁ%oﬁé@%gg'fgr Eiﬁﬂxﬁdlé,“me

179c and 179d are structur such a manner that their ening a

cl osi ng can chatMRraicidsiywa, Sdidreby ther terfiperabutehof he tmoanting théke 60ais
detection sensor K for detecting the baronetric pressure and oxygen

concentrat i @faintainbd, ufort exasiple, 1A525044 otitiehndsl higlrirechad dri chemingpe
transmtted to the control part G Such a structure 20 makes it possible

t hat the datemperaturedf tye aferedeardoreshhighntmnpdtatsretheating unddl&.o t he
control part G and that the control part G operates the valves 178c and
178d and5t he val vdhenygwhendbeingd cheded ivto tthe casing Adaothupnghyther arrier
supply quantity, of _the inert gas to upplied_into the unit casing 165a
and t he ethwaﬁtbyﬁ@ @aﬂaerém&e@wt Wafere Vo is snaed {0 @hposiHEn ghpve

concent at: die RntaraAon ehiheroraaing HbB S Eand pndated throfdung dod
cinder ment | ot CHCEE: pig Ehaiiny Thietind s Y it ayaReR; y THRGRAIR WO sarger
o pe 118k, ohiescatul iR ARA BRSCufl S AL ISl Ry |
cost ng 18s, SUFRCHEREPYHEEAICE: W ROGHERE Bl RECIGWEPRR 6F Wyt Halkify Wid
ther et hr oughowering pins 64 and mounted on the mounting table 60. This starts raising

the temperature of the wafer W. At this time, helium gas, for example, is
supplied into the casing 55a from the supply pipes 68a and 68b, and the
atmosphere in the casing 55a is exhausted from the exhaust pipes 70a and 70b.
25 Consequently, the helium gas is substituted in the casing 55a. Then, the

detection sensor K monitors the oxygen concentration in the casing 55a, and



is placed on the aforenentioned carrier nechani sm 150 side of the unit
casing l165a. This carrier opening 181 is provided with a shutter 182 which
makes 1 o the carrier opening 181 openabl e and cl osabl e. Hence, the shutter
182 is cl osed except when the wafer Wis carned in/out, whereby the
hermeticity inside the unit casing 165a igjensured. Next, a processing
process of the wafer W which is perfornmed in the wafer processing
apparatus 101 structured as above, will be explained. FIG 15 10 is an

expl anatory view of vertical sections of the wafers Weach showing a state

in which a fihéBontrdl Yareds egefzﬂes BAS&RT oM'thE RAEARASTHE RAIVELO8c BhHESd

before processing I1s starte the suction punp 162 for reducing the

pressure in dnde vapaandoer ate A9 Akad iresult04ni atrabeplicid. wathd at W ey gérl

the pressure in the second processing station 104 is reduced to a

predet er m nednéenpratieayfor exampieanpl exygeradneehfiatiba ohil pp'm dri hweer ihan
the pressure in the curing processing unit 165 at the tine o

under ment i omaatintainiedginptheceasing SaFur it rishiouwbd be notedsthat ithe valvg 6863may hde
carrier chanber 105 is also started, and thereby the pressure in the
carrier Sharsdustedoi narease: the sepply quastity minte bekusuges from Sheusppply
133 Pa to 1333 Pa_whjch is | ower. than 25 the atnospheric pressure and

hi gher than RiRes ggégé@ﬁléhﬁ‘? watee W dt sadigd BYe¥si ng station 104. 33 The

o I LS h oWk STerBieBbE: oR"Saldt RS Hhe SRontha Bid 0 is
g;gfgégzr?gé?@éﬁ‘liépéa«i?gb‘s&ﬁ%h%?r'@%ﬁ%%sﬁgd w ‘“ﬁﬁ%ﬁ?@{;@%ﬁ?%@%@r
carrier 113 ‘&gﬁi r@{act%(gl a|ltn§ W%@ me&{e}: tdgﬁ{?em%ﬂra@%@nﬁ ol ﬁgel%gﬁ?g?ﬁ;d.
and coatd aren i FIGE Mhe B il AL BN ik ohp (Y shIRCPRMERARE Wi

sol ution cong §#rAdRGed/RRH AR (beanflt Q?ﬁéﬁéteMﬁﬁéd Bg&ﬁfﬁ?foﬁéxéﬂ &, |yer
10 insulating filmD. Such coating processing is perforned, for exaE’pI e, by

rotating t h&keNaffeom\éach afitheddeetron tesns pebes 660fr® pryderermived petiodgof
solution to the center portion of the wafer Wwhich is being rotated. The

suppl i ed coairmeg feolextample] $wop neiadtes: er Hehee eehergy adr thec elestram deaniseis W
by centrifugal force, and thereby a solution filmis formed on the wafer W
15 The waf esuppliedt ¢o viheh inberlayert i mgubading i fulmi sta hamducer rinadromolécular
heating processing unit 138 and subjected to heating processing for

vapori zilhg Polpmesization oﬁé\/ls&lt(megilxbsumqummn@)hnénch fermshiheniiterlayer s

B e o o
10 (b)) raneiertaly. the Shupurofie iBsinBbeens pad it e Tudhs £ybrt.c
TR U RS . 1.
gﬁghﬁﬂgsmhaSO. ZS%Bse?uenﬁyz at%ihe shu t_er1 %@I o# ?ﬁles carrri er0 c%"grﬁ;%tgﬁ 1%5
i er Woe SOTOIEE, the ORI PIERRIERMSRIIE A0 SinoPOToRRn R, mRtyiat? |

Pa to 133 Paablasd ig f!ﬁsétpﬁ%ﬂﬁi@?tl@é rdiSigCand NweriAgasiak 6, UnAt tHASime! théde
expl ained. First, before the water Wis carried into the curing processing
unit 165, tRkeppbatandgexhaust of thd etivmh egasl 1§l stappodnt rTherdthiey shbtter 72 is
controller not shown, 5 whereby the tenperature of the nounting table 170
i s control | epeneds thaacgrtier arm 58 goes into the casing 55a, and the wafer W is

transferred to the carrier arm 58.
25 Subsequently, the wafer W is carried from the curing processing unit

55 to the mounting portion 56 and mounted thereon. Then, the wafer W is



at 250C which is higher than the heating tenperature of the aforenentioned
heating processing unit 138. Then, when being carried into the unit casing
165a through the carrier opening 181 by the carrier mechani sm 150, the
wafer Wis noved to a 10 position above the center portion of the nounting
table 170, and delivered to the raising apg | owering pins 174 which rise
and stand by in advance. Subsequently, the carrier mechani sm 150 w t hdraws
fromwi thin the unit casing 165a, and the shutter 182 is closed. The wafer
Wis then lowered with the lowering of the raising and | owering pins 174,

and rmount ed cﬁﬁié@,efﬁemmé,mlsy 4AEWafef LarkRP S0 hE theMRRiRidAber 13V tie W

is raised by the nmounting tabl®e 170. At this tinme, heliumgas, for exanple,

is suppliedchgéettd btation 2 Grbenenigled {0 die cassatd @, Yad ReserleBaf angdfel 7Rb,
and the atnosphere in the unit casing 165a is exhausted fromthe exhaust

pi pes 179a prdcdsédg iSTbempletedure in the unit casing 165a is nonitored by
the detection 20 sensor K, and based on obtained detected data, the valves
178c and 178d andInlihe abbvesdesetibed rainbddiments sinwer thieeciiring phecessintg of thear t
G Consequently, the heliumgas is substituted in the unit casing 165a, and
the pres§ur entetlayes mmhatmgsﬁhg isqraforned bycwmdiatingpthedateni ayercigsulating
pressure, faqr exanple, pressure in trrﬁerange of .1 Pa to 133 Pa, Eigh IS

n ofkohtime

a s .
| ower than tHE ppdbguvatar W watloelestionReamms sutls high engrgy the peri
ewthalow ox

esult o SHERRBISHE bt S USNAED RRRAOR e hcd b SRR B
575119 3558 e, D FRE ety SEable I R R oR
o 7, 0 LS el A5Gt Bl YT AR 3
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surfacegQf b $hd i i n beam at a
pr edet erlgn' n 8%%&?)@ O%E?héeégﬁ%} Q@%&%@@sﬁlﬁ%ﬁ]ﬁgg}gﬁ?of the el ectron beam
tubes 176 for a pregie’ FitRdtRe Waler W %td&ssi#gr c&X HP Srfo?aﬁﬁﬂofﬂhﬁaéiﬁgl/e

two m nutes. Hence, energy of the electron bea I's supplied to the

interl ayer vl Prodessing Rybiene, thedwaetid® tivae rofnbleewdfar Woak weehiinad ibagctof
the MSQ which forns the Tnterlayer insulating filmD, and thereby the
interlayer ipreceéssinggy$tehmiDeliminateed] the Eotal ptOcdssing time iofanseridsyof wafer
output and irradiation tinme of the electron beans are set appropri atel
accor di ng t processingiic reduecd ps aoempaned ta thes phier eart.antn tadditioheno 18

the irradiation with el ectron beans for approximtely two mnutes is, .
conpl et &3, tinae radlows dhe period ofotime bgtween dhe 7pre-heating pod thedrradiation
mounting table d again by the raising and | owering pins, 174. At

this tinme, i itggpé@c{i%'rf heams) fa hegkephAlmost constant, dhus keeping, thermak

unit casing,165 a are, stopped..,The t he shutter 182 is opened, the carrier
20 mechant4$tPiEs (&ﬁt@g W%SWé“HEﬁl?négé‘?%hﬁﬁ@%%ai n, the wafer Wis

el vered Lo the S BngToBRF et 3, B Sy LRE U (Ba R R PP

undergone t G W hRRREABESH IHWid ErGHE! {Rd1dtthg film, so that thermal energy can

20 also be supplied to the wafer W to accelerate the curing processing for
performance of the curing processing in a shorter time.

Moreover, in the curing processing, since a reduced oxygen
atmosphere is maintained with helium gas in the casing 55a, scattering of the
electron beams, attenuation of energy, and so on due to oxygen molecules are

25 restrained, whereby irradiation with the electron beams can be preferably

performed.



the transfer unit 137 by the carrier mechani sm 150. Subsequently, it is 25
carried into the adhesion unit 133 included in the third processing unit
group G3 by the nmain carrier 113. In this adhesion unit 133, an adhesion

pr onot er 36 such as HVDS for enhancing adhesion to the resist solution is
applied onto the wafer W Then, the wafero4yis carried to the cooling unit
131 by the main carrier 113 and cooled to a predeterm ned tenperature.
Thereafter, the wafer Wis carried to the resist coating unit 117 and
coated with the resist 5 solution, and thereby a resist filmR is forned

(FIG 10 (d)). Thesingé ehe Prepeating'is iperfditnéd i e W%mrhﬁréﬁe&ﬁﬁ drfit

the pre-baking unit 140 and the c6oling unit 136 Iin seq ce, and under goes

predet er m nefp hhethe high Q@m?e'rmw heaﬁﬁ% uiit 48 befere peifoimanie ofathercudin
carried to the transfer unit 137. to Subsequently, the wafer Wis carne

i nto the carproeessihgntherscl9énbin theecaating solutimrhsuficiéanly waporiaed. edThio
the exposure processing unit 106 via the Garner chanber 105. The wafer Wis
subj ect ed t wanxprevent pthec sodvent ifrom pvapiwizingi ned thext ceringt iproeessimgl the
waf er Wwhi ch has undergone the_exposure processing is returned again to

t he tranéf eccomtamingg ths algctror beam tltbesnéé aBdi sonon 50 Besidesadhe tempegaturaed

to the transfer unit 137 is carried to the popst-exposure baking upnit 139
and the coolafijenrerheaiing ﬁag%mﬂeww a@tﬁﬁ%a&lagrtmper@@,redndhgfq@ng

AP L BRSBTS A
Ther eby, -patioarit hiaqe, ARErSRHTR OfF cheinle by BREE, fBh. (dason b
e’ post - baRt TSty REC i RERBERAACLE (AP I8k, WALTRRIALR 5FRER, T,
Ther eal (81, “Tho b EEMoRIAF (RE pre AR B Ml Preif eimodhis Rarely

unit 132 by gc?ﬁ)fﬁ?é@ht gwor éﬁge§@§1méﬂéwat efduf hé\ﬁiﬁg w042 SHid the H%]gﬁ‘e
waf er processi ng appar at us 37 101 is conpleted. In the aforenentione

enbodi ment, tehpegatuired hentingansit 48, but thel pre-heathg ﬂﬁa;f']@‘erpenf@nhed by edgthsd ng
of the interlayer insulating filmby irradiation with el'ectron beans is
provi ded i nthae wafeer Wr aoated nyvitlpptreat ecatingl Odolutioar ednlyt hkene utimeg at a
processing can be performed in a short period of time, and a reduction in
TAT of the wrodetemained fempesatune; | Thecpiedeterminbddemperatimcia thisievght is
waf er processing systemis adopted, unlike a conventional batch processing

. P . : .
syst em 18he desitrabhgset lasvertthap the\beating\temmpsratuss in e beating praeessing.

processing is elim.nated, ereby a reduction in TAT,is al so achieve 10
Mor eover, the pregl]élmée‘g?c%@xé{g HHGSPheFe 1p UQWWFPTSGE%PSQ‘]@F&S 1%5
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processing unit 55. In this case, the suction pump 69 sucks the atmosphere

20 in the casing 55a through the exhaust pipe 70a and 70b while, for example,
the hermeticity of the casing 55a is ensured. This reduces the pressure in the
curing processing unit 55 to maintain the reduced oxygen atmosphere therein.
It should be noted that a vacuum preliminary chamber (load lock camber) is
separately installed at the stage preceding the curing processing unit 55, and

25 the pressure in the vacuum preliminary chamber is set to be higher than the

pressure in the curing processing unit 55 and lower than the atmospheric



15 Further, the heating processing unit |38 for subjecting the wafer Wto
heating processing is placed in the first processing station |03, whereby
before the curing processing is perforned by the curing processing unit

165, the solvent in the coating solution which becones the interlayer
insulating filmD can be suitably vaporizeg in the first processing station
103. This 20 elimnates the need for vaporizing the sol vent when the curing
processing is perforned, which prevents the el ectron beamtubes 176 and the
| i ke frombeing contam nated by the solvent. The resist coating unit 117
and t he dev | i r ' oyt i ! i

103, and { no g #erchy thritid 6F dfite! for igBublrel e pRERIL 18 ETurie
waf er procegfioB8ssinpamit §5 chfilbe wdtkicedy a photolithography process in which
t he waf er is coated with the resist 38 solution, exposed in the

predet erm ned pat t&iternativel utheeeedacéd clepdmoptmospherd meay taiehlized by
performed continuously in the sanme wafer processing . apparatus 101. As a
resul t, the rpdoting thequreasire whiledhe insidetofi theaasiren Sbansbeingeeplaced avitn a
separate apparatus is inlined, which results in a 5 reduction in a total
processi ig tgasthertharcdxygen.a series of processing. Further, the pressures
in the carrier chanber 105 and,the second processing station 104 can be
reduced by the prdiesides, thgpeniRd af tume betwiesn the,preheatiog anghthe slecteen
the like, er eby .tgaéeduced oxygen at rmilpaere cEn be maintained in a
carrier pat (Pe3m ¢ AEradiation Wy mbieh e CoBtQUsSH; n pPEcHOTR g GaNStani3glly o the

uni t ;Eééf‘fc%a%ﬁ%%%%éd?ﬂéﬂﬁséfrﬁ%{2% brudtha Sastefardgettples g ShBHGT H Fico
ressure 1 n aC e fbirle, REAREUANT |5 pROVIUER Fiihed ERAS PR Fmice®
Pressur ol N d&icay fd&&g@@ﬂi@f’%ﬁéﬁ@v%@% 188 Yut ' Pihe! hlt%rﬂﬁ@xﬁfﬁireehéﬁ%lgle
curing processing unit at the tine of curing proce$sing,” whereby t

pressure reqyft 48N ITHE &é&%ﬁohrbiggﬂpbf tHe 5E8501980 ii@ﬂe:ﬁ%ggﬁ% Bdsutpdited to

second processing station 104, ahd the curing processiiig unit 165, an
hence the higgbbntroRet 8¢ dwhichs songolshthieh€argieri 4i¢h B8O C eBgithér, lma_:tcoia%lt&csmgg

easy to maintain, resulting in a reduction in pressure reduction tine. .

Mor eover, tlig ppoeriedrwithna tiheerdanctiod whichr cMistara previedsiyet predetetmyndd om
t he atnospheric pressure, whereby a burden inposed on the wafer Wdue to
pressure chaime. caNhbn thegldetsotion Asgrsdloisn outpirited fram dhe egenisong8Qirtiot thHedO
for subjecting the wafer Wto etching processing in a reduced pressure

at nosphédfe reonttodlar &l thedimer fanetien séarth ¢opnting stuniag whichdhelwafer W is
described in the above enbodinment. In_this case, a carrier opening 191 for
carryi ng t h€agred tohe ot pgriand’a Upondhetineer functign gﬁmgpme@m?

e AR RIS A T R
process of SRbRSAY Yl IAMS, e, B R TbAER b P 48, T,
o0 Lhe ot e Rgnasidibd e ke SRRl U b PR e .

and as ScChi f a&%e &ﬂ"‘fﬁ r y
in orde?eof lit—ﬂégg%g??i\«ggh éﬁéar%é?%?ean t"ﬁ%‘%zé‘?:%ﬁﬁﬁ%?gggslg g gﬁ?ﬂ?l%ﬁ@gg
wher eby pregg oFIHE W afer Wednkédhtoe reduced, and the burden 10 inposed
on the wafer Wdue to pressure change can be |ightened. Although the

pressures in a caAithogglatke wifer 'W odiich drasnmedergoas the Curitp iploédssineéond
processing station 104 are separately reduced, it is also suitable to

provi de a redmraddpasitsisy to e ohssettemtaiion 2ont the Aeo@described eathedinidil,
and the second processing station 104 and reduce the pressure 15 therein.
In such a cadke wifer Wxmep be subjectedvio postrheating, In thisicase,2or exapaplee the
housi ng all of the carrjer nmechani sm 150 and the second processing station
104 and2pl adv#gr bd: Whichihasundergone thetquing pre¢essing, is once returned to the

transfer unit 46 and carried therefrom by the main carrier 13 to, for example,



space is provided in a wafer processing apparatus 200 to thereby forma
reduced pressure chanber 202. A pressure reducing nmechanism 203 for _ 20
reducing the pressure in the casing 201 to a predeternm ned pressure is
connected to the casing 201. Thereby, the pressures in the area in which
the wafer Wis carrier by the Garner mechagi sm 150 and in the second
processing station 104 can be controlled by only the single pressure
reduci ng nechani sm 203. Further, the pressure in the reduced pressure
chanmber 202 can be 25 controlled at a pressure |ower than the atnospheric
pressure angp@i ' nd i | at
Phe tims of orips it hRARRE HTOCelig I o urpbREEheANs Protestity

t he pressur s tHeatin dcess&ngrisgwrﬁdmecaad aitefiipégatule }ﬁghémﬂla@lrtheelsédtmgh
unit 165 and the etching unit 190 is reduced, whereby the pressures in the
curing processipegatune tinltfis eurdng fproeessingg fonexarifple barc 860 €asyTHis enables
mai ntai n, and besides the pressure 5 reduction time can be reduced.

Mor eover, t lrecovarysirom damage ated bowey tayeriafdhedntértayerdnsulating filmatueoto
the like in which the pressure is highly reduced is reduced stepw se,
wher eby §he ther alestion d2aaamsn sphdhakafthe” wnigtlayen insulating Bhmndmpravepein

| i ghtened. Additionally, a thermal praqcessi.n nit for subjecting the wafer
Wto 10 t hedRsilagp PHBaRGs LG fﬁ'ﬂ@ﬁ?‘a&’d mgprr%éers@é‘é]r@@q&gﬁ@ssi ng station

socons o bcess! no AroRonpaTied Ebanibieocl: ot Sieh? S aRBh il '
13 and Fi Zec%ﬁmﬂeﬂ?hék%aﬁﬁf‘lffﬁ- o R Pk hfyirigh el BRoTHE A b itk ¢
210 15 E i 1 : i i : i

pr ocess?gg g’ﬁ%}?@#wélb?a%%tﬁ%kle faﬁcggnf‘ﬂﬁg @; g?na‘lhﬁggir{_ﬁ%rﬁ ?‘ﬁfeb\t/vgflesfgwm ch
has undepgoRgeGusf ?&ﬁ%‘fﬁiﬁﬁ%&g% ?@ﬁa%%ﬁ%ﬁm%ﬁqm% iéslu' feat 8RewSof ted

to the heating uni chani sm jected to

heati ng proﬁﬁﬁém%céktsiﬁ%h htdtBs 10he wafer Wis heated, for exanple, at a
20 tenperature ichis igger than a heating tenperature of 250C in the

curing processi ng Anishoiad, inf #IG:xa0pthe. vadfeBOfocessiA@Oappdfiguyal@l Nds @
then carried to the cooling unit 210 and cool ed, for exanple, to a nornal
t enper at ur e stiictureximnwhéch a3@assatte steticn 102vor ctarhEngy fioleexamele, 28 wafers
processing is then carned, for exanple, to respective processing units in
the 25 firstWpparceasseHg, as atunit, frosV/ts thie sutside dntabownicofithe wafeeprecessing
predet ermi ned photolithography processing. As stated above, by subjecting
41 the Waf eapparatig hl b sing garying mmwa%eercea@/@@t ©0d 2 reasselte frode fubhg,

the filmquality of the,in | ayer. insulating filmD on the water Wi
i nproved, | @aat?%ﬁmg) SERIO b 30a %ﬁrﬁfpwswgéesﬁwcfuﬁ@& V4riQus Kinds.0f ng
filmD. Next, another eﬁpodinqpt wi .| _be eéplﬁéned. éa<3 15 shows anothFr 5
exanpl e of PRECENTHIGHISERSE 105 REFOrmEE Prdetarpined Arogessing 14 yiggle
pl aced in a_uy ' r-[ r I er ' ' .
el e nat gt #i0560nd §38 ) i L Bl rEERE ROGENE 2 Sodthe, Bldcestine,
176 and a ' a hy ' :ect 211 Jdeier @
electric pg]\%/ié%l f(%ﬂs]qs%t p%l; ?‘eég%%dm%gbggsﬁe%é ;'éggpgg g%g&dlﬁgp?’e%ggree?m ne{c:i rE\l/lgﬁ%age
IS 20 processing unit 165 which will be described later, and a carrier chamber 105,
placed between the first processing station 103 and the second processing
station 104, for carrying the wafer W are integrally connected. Moreover, an
exposure processing unit 106 for exposing the wafer W is placed on the rear
side of the carrier chamber 105.
25 In the cassette station 102, a plurality of cassettes C can be mounted at

predetermined positions on a cassette mounting table 107, which is a



10 applied to the nmounting table 170 froma power source 213, and a reverse
bias voltage is applied to a wafer Won the nounting table 170. Accordi ng
to the curing processing unit 165, when el ectron beans fromthe el ectron
beam tubes 176 pass through the grid el ectrode, the speed of the electron
beans is reduced, or the nunber of electregs passing 15 therethrough is
decreased, whereby the energy of electron beans reaching the wafer Wcan be
controlled. Accordingly, it is possible to appropriately cure the
insulating filmat a predeterm ned depth regardl ess of the thickness of the

i nsul ati ng frhbﬁhﬁﬁg gjtcﬁﬁoﬁ,r‘iﬂ Reintirein W—dﬁ‘é(:ti@ha('ﬁ’&bﬁrtoT-BGttéﬁf‘Hﬁ@btiéﬁ Re UEiced

I n such a manner t the energy is reduced when the insulating filmto be

20 cured i@y, t PARwaferdarHer ¢08rwhidhsisndovabliietherzection dﬂmw&%&m@nf of m
to be cured is thick, enables an appropriate curing processing. e control

i s effectivehencdssettesir(thg Xrdicetion)gand in the tditeotion iofsatrahgement |ofi tiiy
applying a reverse bias voltage to the nounting table 170 for the wafer W
t he i nci dentwafiees dWohoulsed eine the wassetterdC danZadizectieny adverital 2direction) is
Accordi ngly, the power source 213 can _be adjusted to control the energy of
t he el ecbroprowidad tebenfragiy movedderalong a garreroghidee189 speas tade shler tn

of both the grid, electrode 211 and the power source 213 enabl es nore

preci se contSECtivE)y 6t aGegss 6 TERRCRLYG FRPSsEE8&ssing with el ectron beans

= gi;&ﬁ%”ﬁﬁ’ all'o f@af%%ﬁl@%ﬁégﬁﬁraﬂ&mﬁgﬁ fidflon's aii%?lg&%tﬁqg?iﬁéff
Compl et on oF- Cni HEieY GBRL e, oF it SumEhies < 28 Ble B ek decfd B 4 7
porential of, iy mfi{-aegjrigw iy 'mlﬁrﬁg Bshhe e u;ﬁ‘tng R
01;] generat i r%ﬁ g% p alsma, t e e(Fectron beATs PLUBes ggﬂ;)n e useg as

- oo : A .
refer aify HREHCARIRA HRHIEAAE o) 838G, T e 211 Srect

i rradiation of th‘in"tﬁé?'frsi’*»%t@@s tatioh N3, 2 Maneeasfst P3 Ihpraliged apthe
beans is unfavorable, the Trradi ation angl e of the el ectron beans nmay be

changed, or cenpdrogisredf naidvariods kinds bfasroeessihgeahsies aee etackedeiinmuleiplé he
| i ke which generates plasma by a high frequency

tiers around the main carrier 113 to constitute processing unit groups. In the

wafer processing apparatus 101, four processing unit groups G1, G2, G3, and
15 G4 are placed, the first and second processing unit groups G1 and G2 are
placed on the front side of the wafer processing apparatus 101, the third
processing unit group G3 is placed adjacent to the cassette station 102, and
the fourth processing unit group G4 is placed adjacent to the carrier chamber
105. Further, a fifth processing unit group G5 shown by a broken line can be
20 additionally placed on the rear side as an option. The main carrier 113 can
carry the wafer W into/out of undermentioned various processing units which
are placed in these processing unit groups G1, G2, G3, and G4. It should be
noted that the number and placement of processing unit groups are different
depending on the type of treatment and processing given to the wafer W, and
25 the number of processing unit groups can be selected freely.

In the first processing unit group G1, as shown in FIG. 7, a coating



froma high-frequency power source 221 may be placed in the unit casing
165a as shown in FIG 16. In ordinal curing processing even for a

mul ti pl ayer insulating filmhas been conventionally perfornmed in such a
manner that after a coating solution 20 which becones a material of the
insulating filmis applied, curing processyng is perfornmed by heating,

t hereafter another coating solution which becones a material of the
insulating filmis applied, and then curing processing is again perforned
by heating. As has been described, a wafer to be cured has been carried

o a heal g AYSTRECHing B SINTPE WORE'A BUBRRMGIEH Whith BBdofRs an

subj ected to curing proces ng-tinme heati Ing to t

i nvention i Ap§iflafingPilnh GAd @ ¢hehficARi stordrovRPI NG, wh1d'13h@@§e%% Buffer ik for
curing processing With electron beans, the curing processing can be

perforned i chendealscahd§o onnarenstatkexhitt two tidraifrémathei bottdra iprorder.ar {n the
the curing processing wth electron beans, however, the filmthickness is

not direct| wepong@rocessihgt wnit herompr Gy prresist cioagingi unitdliE7 tfortduatﬁlg the
adj ustment of the_energy of electron beans. Therefore, for exa after a
first coéati rgafes Wt mith iasresptl sadutioprancheadeveoping unitr 11/&;for|sglgmptmgethe
sol vent, which can be called soft-baking, is_perforned, di rectly t hereafter
a next coat iwiefeg oVuta dﬁvebparpgntre@ameaﬁ@r@ rs&aclqeﬁlelrbtwo AETp Y feemsdiengotiprmin

el ectron beang is performed as it is, whereby nore efficient processing can
be 10 perfolO¥€8-for curing the rrultllayer insulating film It should be

71 adi at o0 wi £ obie (HBERESSing VR DR G et imele” 35 R RNEIC Bny
"nterlayer ﬁ?&ﬁ%ﬁ‘ﬁﬁﬁgd@q AR T Fob T BBy dteF, W 4 S fer i g T6r

I nsul at iy p fe} rthé‘ngféi‘CWSl‘rB t&@ﬂetc{hﬁséﬁétﬁaﬁﬁ RES REB DY éé ,an

photolit ograp y pr essi ng are noun ed I'n e wafer processing app

in the abov gap@@faﬁ'ﬂ ﬁﬁﬂtlspmﬂeﬁmﬂwﬂﬁg tthE QdheS1dH BEtwESh Y B&disy&lution and

i nsul ating m and the unit for perform ng curing processing by means
el ectron beahe waferbw, Whﬁ)dt%dlﬁﬁ g\aier1320 foF pesforhiifig dnna céﬁlsﬁig

this case, a reduction in TAT can be achi eved as corrpar e% vvlth conventl onal
arts in whi efftezudé¢ edopirmy eseitment arpesthcked,dfom erainple hirprfovee sives Froms theen

In the above enbodi nent, the present invention is applied to an SOD
interl ayer |bmujmtmm)gdérl m but the present invention can be applied to
waf er 25 processing for other interlayer filnms, for exarrpl e, an SOG ( n
on glasdj., a Low Mnfthe foughgpuecessingiunhgooup 64,iforexamplesceoling mmtsafﬁﬁ so
on- and 136, a transfer unit 137 for transferring the wafer from/to the carrier
chamber 105 therethrough, a heating processing unit 138 for subjecting the
wafer W coated with the coating solution which becomes the insulating film
to heating processing, a post-exposure baking unit 139 for subjecting the
20 exposed wafer W to heating processing, and a pre-baking unit 140 for
performing heating processing after the coating of the resist solution are
stacked, for example, in six tiers from the bottom in order.
The carrier chamber 105 includes a casing 105a which hermetically
closes the carrier chamber 105. As shown in FIG. 6, a carrier mechanism
25 150 for carrying the wafer W between the first processing station 103 and the

second processing station 104 is provided inside the carrier chamber 105.



44 Furthernore, the enbodi nents expl ai ned above are applied to the
processi ng nmethod of the wafer in an interlayer insulating filmformng
process of sem conductor wafer device nmanufacturing processes, but the
present invention can be also applied to a processing nethod for substrates
5 other than the sem conductor wafer, forogxanple, an LCD substrate.

I ndustrial Availability The present invention is useful in formng an
interlayer insulating filmon a wafer or an LCD gl ass substrate in

manuf acturi ng processes of a 10 sem conductor device or an LCD substrate in

a nultil eve'ﬁﬂ%@&iﬁgﬂﬁ@&ﬁéﬂ@ﬁlg@% §f1ﬁcturF65]9Wablelin ﬁle’slxbﬂir'é@ﬁ@n (the

processi ng net onprising the steps o ormng an I nterlayer

i nsul ating fibpriotottomuRiitéction ANFIG:.| 6)aghdt i dthiehZ diveRtibay §the Nvettiehl ng
filmon the substrate with electron beans in a processing chanber to cure

t he i nterl ayliredtiony)! aid notdtable iR.a Thedirebdbnale diveeteasof goratidivdresnd ei
forth in claim1, wherein in said step of curing the interlayer insulating
film the subaxigtse as thdwet ablet tv gepaeckssdonihectansfiepamit 18¢€.intuded ithéhe
substrate processing nethod as set forth in claim1, wherein said step of
curing thBe ifoumhl pyosessinguiniti grgupi G, ithe pmdesmentionedacuring pracessjng runit
at nosphere wi t h an oxygen _concentration |ower than that of at |east an

at nospher i ¢ 15 in 4he sgeond procgsung, $aten; Hif.nenddhe LXpostire roeessing (Wi
1, wherein gﬁ}ﬁsaid step of formng the interlayer insulating filmconprises
a step of ¢ ‘ng the substrate with a coating solution which becones the

e e o 5, S i e
[ ‘ LT i ﬁ
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substrayf afif 8tovidled. StARe Pressubs Pdddfg mechanism 151 includes an exhaust pipe

152 for exhausting an atmosphere in the carrier chamber 105 and a suction

pump 153 for sucking the atmosphere in the carrier chamber 105 through the
exhaust pipe 152 at the predetermined pressure. Hence, it is possible to suck
the atmosphere in the carrier chamber 105 and reduce the pressure in the
15  carrier chamber 105 to the predetermined pressure.
The casing 105a of the carrier chamber 105 is provided with a carrier
opening 155 for carrying the wafer W from/to the transfer unit 137
therethrough, a carrier opening 156 for carrying the wafer W into/out of the
undermentioned curing processing unit 165 therethrough, and a carrier
20 opening 157 for carrying the wafer W into/out of the exposure processing unit
106 therethrough at positions facing the respective processing units. The
respective carrier openings 155, 156, and 157 are provided with shutters 158,
159, and 160 for opening and closing the respective carrier openings 155 to
157, respectively, whereby the hermeticity of the carrier chamber 105 can be
25 ensured.

The second processing station 104, similarly to the carrier chamber



interlayer insulating film 6. The substrate processing nethod as set forth
in claiml, further 25 conprising: the step of generating plasma in the
processi ng chanber after irradiating with the 46 el ectron beans to cure
the interlayer insulating film 7. The substrate processing nmethod as set
forth in claim2, wherein . the reduced ojygen atnosphere is created by
repl aci ng at | east an atnosphere around the substrate with a gas of

nol ecul ar weight | ower than 5 that of oxygen. 8. The substrate processing
met hod as set forth in claim2, wherein the reduced oxygen atnosphere is
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The substrate processing nethod as set forth in claim5, wherein said

post - heafi ndoi & spetibor puthpatl 62 whigleriatfree toi s at herpredetermined pressuref
the substrate in said step of curing the interl ayer |nsul ating 20 film 12.
The subst r atiienses alstiergresstneod e seeondprogessing siation 1 0dreanche redeces tasm
is generated by itradiatipn with the el ectron beans. 13. The substrate
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10 electron beams one by one is provided. The curing processing unit 165 will

be explained in detail below.

The curing processing unit 165, as shown in FIG. 9, includes a unit
casing 165a which covers all of the unit to enable a processing chamber S to
be enclosed, whereby a predetermined atmosphere can be maintained in the

15 curing processing unit 165. A mounting table 170 on which the wafer W is
mounted is placed in the middle of the unit casing 165a. The mounting table
170 takes the shape of a thick disc, and a material having excellent thermal
conductivity, for example, silicon carbide, aluminum nitride, or the like which
is ceramic is used as its material.

20 The mounting table 170 contains, for example, a heater 171 for raising
the temperature of the mounting table 170. The heating value of the heater
171 is controlled by a controller not shown, whereby the temperature of the
mounting table 170 can be controlled at a predetermined temperature.

A drive mechanism 173 including, for example, a motor for rotating

25 the mounting table 170 is placed under the mounting table 170. Hence, it

becomes possible to rotate the mounting table 170 at the time of irradiation



heating the substrate after said coating step; and after a final coating
step, irradiating a plurality of interlayer insulating filns on the
substrate with electron beans in a processing chanber to concurrently cure
the plurality of interlayer insulating filnms. 15. A substrate processing
apparatus, conprising: a first processingsgection having a coating unit for
coating a substrate with a coating solution which beconmes an insul ating
film a second processing section having a curing processing unit for
curing 10 the insulating filmon the substrate by irradiating the
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forth in claim15, "wherein 15 said curing processing unit includes a grid
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device for irradiating with the electron beans. 17. The substrate

processi ng appantingsable F2) ahdrthe underhmnticifed eleetrenrbesandubes 17§ may be
processing unit includes a nounting table on which the 20 substrate is

nmount ed, 5 anconttiodlabbe iy providing ai misingatnd lowesing piechanismy swvhich lnables
voltage to the substrate. 18. The substrate processing apparatus as set

forth in cl shemaintngtae B t baverdcplyoasuibie imihe dsvemedamion W0
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applying an electron beam and an irradiation controller 177 for controlling

15 output of the electron beams and irradiation time. The electron beam tubes

176 are arranged in positions facing the mounting table 170 in an upper

surface of the unit casing 165a. Hence, the electron beams can be applied to

the insulating film on the surface of the wafer W from above. The electron

beam from each of the electron beam tubes 176 widens as it approaches the

20 wafer W, and the entire surface of the wafer W is irradiated with the electron
beams by irradiation from all of the electron beam tubes 176.

In the upper surface of the unit casing 165a, supply pipes 178a and

178b for supplying gas other than oxygen such as an inert gas, helium gas, or

nitrogen gas from a supply source not shown into the curing processing unit

25 165 are provided. The supply pipe 178a is provided on the side of an

undermentioned carrier opening 181, and the supply pipe 178b is provided on



15 carrier chanber to a predeterm ned pressure. 22. The substrate
processi ng apparatus as set forth in clains 15, wherein the pressure in
sai d second processing section is allowed to be reduced. 23. The substrate
processi ng apparatus as set forth in clainms 15, further . 2p conprising: a
reduced pressure chanber housing said cargijer nmechani smand said second
processi ng section and being hernetically closable; and a pressure reducing
mechani sm for reducing the pressure in said reduced pressure chanmber to a
predeternlned pressure. 25 24. The substrate processing apparatus as set

forth in cl dhEtositéeiof teliRicRlontiotecrfir Wichid ' 811 DI MIokbofer, e
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178a on the carrier opening 181 side can be increased, which makes it
possible to compensate for the inert gas which has leaked from the carrier
5 opening 181 and thereby maintain the predetermined atmosphere in the unit
casing 165a.

The carrier opening 181 for carrying the wafer W in/out therethrough
is placed on the aforementioned carrier mechanism 150 side of the unit casing
165a. This carrier opening 181 is provided with a shutter 182 which makes

10  the carrier opening 181 openable and closable. Hence, the shutter 182 is
closed except when the wafer W is carried in/out, whereby the hermeticity
inside the unit casing 165a is ensured.

Next, a processing process of the wafer W, which is performed in the
wafer processing apparatus 101 structured as above, will be explained. FIG.

15 10 is an explanatory view of vertical sections of the wafers W each showing a
state in which a film is formed on the wafer W in each processing step.

First, before processing is started, the suction pump 162 for reducing
the pressure in the second processing station 104 is started, and thereby all the
pressure in the second processing station 104 is reduced to a predetermined

20 pressure, for example, 1 Pa to 133 Pa which is higher than the pressure in the
curing processing unit 165 at the time of undermentioned curing processing.
Furthermore, the suction pump 153 of the carrier chamber 105 is also started,
and thereby the pressure in the carrier chamber 105 is reduced to a
predetermined pressure, for example, 133 Pa to 1333 Pa which is lower than

25 the atmospheric pressure and higher than the pressure in the second

processing station 104.
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wafer W is carried to the coating unit 115 by the main carrier 113 and coated
with a predetermined coating solution, for example, a coating solution
containing MSQ (methyl silsesquioxane) which becomes an interlayer
10 insulating film D. Such coating processing is performed, for example, by

rotating the wafer W at a predetermined speed and supplying the coating
solution to the center portion of the wafer W which is being rotated. The
supplied coating solution is spread over the entire surface of the wafer W by
centrifugal force, and thereby a solution film is formed on the wafer W.

15 The wafer W coated with the coating solution is then carried to the
heating processing unit 138 and subjected to heating processing for
vaporizing a solvent in the coating solution. At this time, the wafer W is
heated, for example, at 200°C for two minutes. Hence, the solvent in the
coating solution is removed by vaporization, and the interlayer insulating film

20 D having a predetermined thickness is formed on the wafer W (FIG. 10 (b)).

Thereafter, the wafer W is carried to the transfer unit 137 by the main
carrier 113. The shutter 158 of the carrier chamber 105 is then opened, and
the wafer W is carried through the carrier opening 155 into the carrier
chamber 105, the pressure in which is reduced, by the carrier mechanism 150.

25 Subsequently, the shutter 159 of the carrier chamber 105 and the shutter 182

of the curing processing unit 165 are opened, and the wafer W is carried into
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SLY" 10%&5( ) -whereby the temperature of the mounting table 170 is controlled, for example,
at 250°C which is higher than the heating temperature of the aforementioned
heating processing unit 138.
Then, when being carried into the unit casing 165a through the carrier
opening 181 by the carrier mechanism 150, the wafer W is moved to a
10 position above the center portion of the mounting table 170, and delivered to
the raising and lowering pins 174 which rise and stand by in advance.
Subsequently, the carrier mechanism 150 withdraws from within the unit
casing 165a, and the shutter 182 is closed. The wafer W is then lowered
with the lowering of the raising and lowering pins 174, and mounted on the
15 mounting table 170. Hence the temperature of wafer W is raised by the
mounting table 170. At this time, helium gas, for example, is supplied into
the unit casing 165a from the supply pipes 178a and 178b, and the
atmosphere in the unit casing 165a is exhausted from the exhaust pipes 179a
and 179b. The pressure in the unit casing 165a is monitored by the detection
20 sensor K, and based on obtained detected data, the valves 178¢c and 178d and
the valves 179¢ and 179d are operated by the control part G. Consequently,
the helium gas is substituted in the unit casing 165a, and the pressure in the
unit casing 165a is reduced to a predetermined pressure, for example, a
pressure in the range of 1 Pa to 133 Pa which is lower than the pressure in the

25 second processing station 104. As a result, an atmosphere with a low

oxygen concentration, for example, an oxygen concentration of 1 ppm to 10
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When the temperature of the wafer W on the mounting table 170 is
stabilized at 250°C after a lapse of a predetermined period of time, the wafer
W is rotated at a low speed by the drive mechanism 173. Thereafter, as
5 shown in FIG. 9, the interlayer insulating film D on the surface of the wafer
W is irradiated with an electron beam at a predetermined output, for example,
10 keV from each of the electron beam tubes 176 for a predetermined period
of time, for example, approximately two minutes. Hence, energy of the
electron beams is supplied to the interlayer insulating film D to induce
10 macromolecular polymerization of the MSQ which forms the interlayer
insulating film D, and thereby the interlayer insulating film D is cured. (FIG.
10 (c)). Incidentally, the output and irradiation time of the electron beams
are set appropriately according to film thickness, processing atmosphere, and
the like.
15 When the irradiation with electron beams for approximately two
minutes is completed, the rotation of the mounting table 170 is stopped, and
the mounting table 170 is raised again by the raising and lowering pins 174.
At this time, the supply of the helium gas and the pressure reduction in the
unit casing 165a are stopped. Then, the shutter 182 is opened, the carrier
20 mechanism 150 goes into the unit casing 165a again, the wafer W is delivered
to the carrier mechanism 160, and thus the curing processing of the interlayer
insulating film D is completed.
The wafer W which has undergone the curing processing is carried to
the transfer unit 137 by the carrier mechanism 150. Subsequently, it is
25 carried into the adhesion unit 133 included in the third processing unit group

G3 by the main carrier 113. In this adhesion unit 133, an adhesion promoter
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such as HMDS for enhancing adhesion to the resist solution is applied onto

the wafer W. Then, the wafer W is carried to the cooling unit 131 by the
main carrier 113 and cooled to a predetermined temperature. Thereafter, the
wafer W is carried to the resist coating unit 117 and coated with the resist

5 solution, and thereby a resist film R is formed (FIG. 10 (d)). The wafer W
coated with the resist solution is carried to the pre-baking unit 140 and the
cooling unit 136 in sequence, and undergoes predetermined thermal
processing in each unit. Thereafter, the wafer W is carried to the transfer
unit 137.

10 Subsequently, the wafer W is carried into the carrier chamber 105 by
the carrier mechanism 150, and carried to the exposure processing unit 106
via the carrier chamber 105. The wafer W is subjected to exposure
processing in a predetermined pattern there, and the wafer W which has
undergone the exposure processing is returned again to the transfer unit 137

15 Dby the carrier mechanism 150. The wafer W returned to the transfer unit 137
is carried to the post-exposure baking unit 139 and the cooling unit 135 in
sequence by the main carrier 113, and after subjected to thermal processing,
the wafer W is carried to the developing unit 118.

The wafer W carried to the developing unit 116 is supplied with a

20 developing solution and developed for a predetermined period of time.
Thereby, part of the resist film R on the wafer W is dissolved (FIG. 10 (e)).
The wafer W which has undergone developing treatment is carried to the
post-baking unit 134 and the cooling unit 130 in sequence by the main carrier
unit 113, and subjected to predetermined thermal processing. Thereafter, the

25 wafer W is returned to the cassette C via the transfer unit 132 by the wafer

carrier 108, and a series of wafer processing in the wafer processing apparatus
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10! 10@ | " 1@ethdiatjorswithl Bbdcéian) beams is provided in the wafer processing apparatus
FBO 5% {01, Whereby the chiring processing can be performed in 4 Shor period of e,
and a reduction in TAT of the whole wafer processing is achieved. Moreover,
since a single wafer processing system is adopted, unlike a conventional batch
processing system, the waiting time of the wafer W before and after the
curing processing is eliminated, whereby a reduction in TAT is also achieved.
10 Moreover, the pressure of the atmosphere in the curing processing unit
165 can be reduced, which prevents the applied electron beams from
scattering, and consequently the interlayer insulating film D can be effectively
irradiated with stronger electron beams. As a result, irradiation time can be
reduced, leading to a reduction in curing processing time.
15 Further, the heating processing unit 138 for subjecting the wafer W to
heating processing is placed in the first processing station 103, whereby
before the curing processing is performed by the curing processing unit 165,
the solvent in the coating solution which becomes the interlayer insulating
film D can be suitably vaporized in the first processing station 103. This
20 eliminates the need for vaporizing the solvent when the curing processing is
performed, which prevents the electron beam tubes 176 and the like from
being contaminated by the solvent.
The resist coating unit 117 and the developing unit 118 are provided in
the first processing station 103, and the exposure processing unit 106 is

25 provided adjacent to the wafer processing apparatus 101, whereby a

photolithography process in which the wafer W is coated with the resist
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conventionally performed in a separate apparatus is inlined, which results in a
5 reduction in a total processing time required for a series of processing.

Further, the pressures in the carrier chamber 105 and the second

processing station 104 can be reduced by the pressure reducing mechanism

151, the suction pump 162, and the like, whereby the reduced oxygen

atmosphere can be maintained in a carrier path of the wafer W from the

10 heating processing unit 138 for vaporizing the solvent in the coating solution

to the curing processing unit 165. Consequently, the oxidation of the

interlayer insulating film D on the wafer W during carriage between them is

prevented. Furthermore, the pressure in the second processing station 104 is

made lower than the pressure in the carrier chamber 105 and higher than the

15 pressure in the curing processing unit 165 at the time of curing processing,

whereby the pressure reduction increases in order of the carrier chamber 105,

the second processing station 104, and the curing processing unit 165, and

hence the highly reduced pressure in the curing processing unit 165 becomes

easy to maintain, resulting in a reduction in pressure reduction time.

20 Moreover, the pressure on the carried wafer W can be reduced gradually from

the atmospheric pressure, whereby a burden imposed on the wafer W due to
pressure change can be lightened.

As shown in FIG. 11, an etching unit 190 for subjecting the wafer W

to etching processing in a reduced pressure atmosphere may be provided in

25 the second processing station 104 described in the above embodiment. In

this case, a carrier opening 191 for carrying the wafer W therethrough and a
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an etching processing process of selectively removing the interlayer insulating
film D in accordance with a resist pattern can be inlined, leading to a
5 reduction in the total processing time of wafer processing. Moreover, the
etching processing is performed in an extremely highly reduced pressure
atmosphere, and as described above, for example, the pressure can be reduced
gradually in order of the carrier chamber 105 and the second processing
station 104, whereby pressure reduction time can be reduced, and the burden

10 imposed on the wafer W due to pressure change can be lightened.
Although the pressures in a carrying area of the carrier mechanism
150 and in the second processing station 104 are separately reduced, it is also
suitable to provide a reduced pressure chamber housing both the carrier
mechanism 150 and the second processing station 104 and reduce the pressure
15 therein. In such a case, for example, as shown in FIG. 12, a casing 201
capable of housing all of the carrier mechanism 150 and the second
processing station 104 and placing both of them in a hermetically closed
space is provided in a wafer processing apparatus 200 to thereby form a
reduced pressure chamber 202. A pressure reducing mechanism 203 for
20 reducing the pressure in the casing 201 to a predetermined pressure is
connected to the casing 201. Thereby, the pressures in the area in which the
wafer W is carrier by the carrier mechanism 150 and in the second processing
station 104 can be controlled by only the single pressure reducing mechanism
203. Further, the pressure in the reduced pressure chamber 202 can be
25 controlled at a pressure lower than the atmospheric pressure and higher than

the pressures in the curing processing unit 165 at the time of curing
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processing and the etching unit 190. Accordingly, the pressure difference

between outside and inside the curing processing unit 165 and the etching unit
190 is reduced, whereby the pressures in the curing processing unit 165 and
the etching unit 190 become easy to maintain, and besides the pressure
5 reduction time can be reduced. Moreover, the pressure on the wafer W
carried to the etching unit 190 or the like in which the pressure is highly
reduced is reduced stepwise, whereby the burden imposed on the wafer W

due to pressure change can be lightened. .
Additionally, a thermal processing unit for subjecting the wafer W to
10 thermal processing may be provided in the second processing station 104
described in the above embodiment. In such a case, for example, in the
second processing station 104, a sixth processing unit group G6 in which
plural processing units can be mounted in multiple tiers as shown in FIG. 13
and FIG. 14 is provided. In the sixth processing unit G6, a cooling unit 210
15 and a heating unit 211 as thermal processing units and the curing processing
unit 165 are stacked from the bottom in order. The wafer W which has
undergone curing processing in the curing processing unit 165 is carried to the
heating unit 211 by the carrier mechanism 150 and subjected to heating
processing. At this time, the wafer W is heated, for example, at a
20 temperature which is higher than a heating temperature of 250°C in the
curing processing unit 165, for example, at 300°C to 400°C. The wafer W
is then carried to the cooling unit 210 and cooled, for example, to a normal
temperature, for example, 23°C. The wafer W which has undergone cooling
processing is then carried, for example, to respective processing units in the
25 first processing station 103 as described above and subjected to

predetermined photolithography processing. As stated above, by subjecting
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Next, another embodiment will be explained. FIG. 15 shows another
5 example of the curing processing unit 165, and a grid electrode 211 is placed
in a unit casing 165a forming a processing chamber S in this example. The
grid electrode 211 is positioned between electron beam tubes 176 and a
mounting table 170. To the grid electrode 211, a predetermined electric
power is supplied from a power source 212. A predetermined voltage is
10  applied to the mounting table 170 from a power source 213, and a reverse bias
voltage is applied to a wafer W on the mounting table 170.

According to the curing processing unit 165, when electron beams
from the electron beam tubes 176 pass through the grid electrode, the speed of
the electron beams is reduced, or the number of electrons passing

15 therethrough is decreased, whereby the energy of electron beams reaching the
wafer W can be controlled. Accordingly, it is possible to appropriately cure
the insulating film at a predetermined depth regardless of the thickness of the
insulating film applied on the wafer W. For example, the control conducted
in such a manner that the energy is reduced when the insulating film to be

20 cured is thin, and the energy is not reduced when the insulating film to be
cured is thick, enables an appropriate curing processing. The control is
effective in the curing processing of a multilayer insulating film.

By applying a reverse bias voltage to the mounting table 170 for the
wafer W, the incident speed of the electron beams can also be reduced.

25 Accordingly, the power source 213 can be adjusted to control the energy of

the electron beams reaching the wafer W.
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electron beams may be changed, or a plasma generator 222 such as an
15 electrode, antenna, or the like which generates plasma by a high frequency
from a high-frequency power source 221 may be placed in the unit casing
165a as shown in FIG. 16.
In ordinal curing processing even for a multiplayer insulating film has
been conventionally performed in such a manner that after a coating solution
20 which becomes a material of the insulating film is applied, curing processing
is performed by heating, thereafter another coating solution which becomes a
material of the insulating film is applied, and then curing processing is again
performed by heating. As has been described, a wafer to be cured has been
carried into a heating furnace of a batch-processing system every time and

25 ' subjected to curing processing by long-time heating.

According to the invention in this application, in this viewpoint,
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first coating solution is applied, pre-heating just for vaporizing the solvent,

which can be called soft-baking, is performed, directly thereafter a next

coating solution is applied, and then the curing processing with electron

beams is performed as it is, whereby more efficient processing can be
10 performed for curing the multilayer insulating film.

It should be noted that the wafer W which has undergone developing
treatment is irradiated with electron beams, so that the film formed in the
lithography process can be enhanced.

Incidentally, although the unit for forming the interlayer insulating

15 film, the unit for subjecting this interlayer insulating film to curing processing,
and the units for performing photolithography processing are mounted in the
wafer processing apparatus in the above embodiment, only the unit for
forming the interlayer insulating film and the unit for performing curing
processing by means of electron beams may be mounted in the wafer

20 processing apparatus. Also in this case, a reduction in TAT can be achieved
as compared with conventional arts in which curing processing is performed
in a batch processing system.

In the above embodiment, the present invention is applied to an SOD
interlayer insulating film, but the present invention can be applied to wafer

25 processing for other interlayer films, for example, an SOG (spin on glass), a

Low-k film (organic silicon oxide film), a resist film, and so on.
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process of semiconductor wafer device manufacturing processes, but the
present invention can be also applied to a processing method for substrates

5 other than the semiconductor wafer, for example, an LCD substrate.

Industrial Availability
The present invention is useful in forming an interlayer insulating film
on a wafer or an LCD glass substrate in manufacturing processes of a
10 semiconductor device or an LCD substrate in a multilevel interconnection

structure.
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1. A substrate processing method, comprising the steps of:
forming an interlayer insulating film on a substrate; and
5 irradiating the interlayer insulating film on the substrate with electron
beams in a processing chamber to cure the interlayer insulating film.
2. The substrate processing method as set forth in claim 1, wherein
in said step of curing the interlayer insulating film, the substrate is
heated to a predetermined temperature.
10 3. The substrate processing method as set forth in claim 1, wherein
said step of curing the interlayer insulating film is performed in a
reduced oxygen atmosphere with an oxygen concentration lower than that of
at least an atmospheric air.
4. The substrate processing method as set forth in claim 1, wherein
15 said step of forming the interlayer insulating film comprises a step of
coating the substrate with a coating solution which becomes the interlayer
insulating film; and
between said coating step and said step of curing the interlayer
insulating film, a pre-heating step of heating the substrate is performed.
20 5. The substrate processing method as set forth in claim 1, further
comprising:
a post-heating step of heating the substrate after said step of curing the
interlayer insulating film.
6. The substrate processing method as set forth in claim 1, further
25 comprising: the step of

generating plasma in the processing chamber after irradiating with the
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8. The substrate processing method as set forth in claim 2, wherein
the reduced oxygen atmosphere is created by reducing a pressure in
the processing chamber.
9. The substrate processing method as set forth in claim 4, wherein
10 a period of time between completion of said pre-heating step and
irradiation of the substrate with the electron beams is controlled to be
constant.
10. The substrate processing method as set forth in claim 4, wherein
said pre-heating is performed at a temperature lower than a
15 temperature of the substrate in said step of curing the interlayer insulating
film.
11. The substrate processing method as set forth in claim 5, wherein

said post-heating is performed at a temperature higher than the

temperature of the substrate in said step of curing the interlayer insulating

20 film.
12. The substrate processing method as set forth in claim 6, wherein
the plasma is generated by irradiation with the electron beams.
13. The substrate processing method as set forth in claim 6, wherein

the plasma is generated by supply of high-frequency power.

25 14 A substrate processing method, comprising the steps of:

repeating both a coating step of coating a substrate with a coating
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15. A substrate processing apparatus, comprising:
a first processing section having a coating unit for coating a substrate
with a coating solution which becomes an insulating film;
a second processing section having a curing processing unit for curing
10 the insulating film on the substrate by irradiating the substrates one by one
with electron beams; and
a carrier mechanism for carrying the substrate between said first
processing section and said second processing section.
16. The substrate processing apparatus as set forth in claim 15, wherein
15 said curing processing unit includes a grid electrode between a
mounting table on which the substrate is mounted and a device for irradiating
with the electron beams.
17. The substrate processing apparatus as set forth in claim 15, wherein
said curing processing unit includes a mounting table on which the
20 substrate is mounted, and said mounting table is capable of applying a reverse
bias voltage to the substrate.
18. The substrate processing apparatus as set forth in claim 15, wherein
said curing processing unit is structured so that the pressure in said
curing processing unit is allowed to be reduced.

25 19. The substrate processing apparatus as set forth in claim 15, wherein

said first processing section includes a heating processing unit for
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10 21. The substrate processing apparatus as set forth in claims 15, further
comprising:
a carrier chamber housing said carrier mechanism and being
hermetically closable; and
a pressure reducing mechanism for reducing the pressure in said
15 carrier chamber to a predetermined pressure.
22. The substrate processing apparatus as set forth in claims 15, wherein
the pressure in said second processing section is allowed to be

reduced.

23. The substrate processing apparatus as set forth in claims 15, further
20 comprising:
a reduced pressure chamber housing said carrier mechanism and said
second processing section and being hermetically closable; and
a pressure reducing mechanism for reducing the pressure in said
reduced pressure chamber to a predetermined pressure.
25 24. The substrate processing apparatus as set forth in claims 15, wherein

a thermal processing unit for subjecting the substrate to thermal
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processing is provided in said second processing section.
25. The substrate processing apparatus as set forth in claim 20, wherein
an etching unit for subjecting the substrate to etching processing in a

reduced pressure atmosphere is provided in said second processing section.



