SUBSTRATE P ARATUS 5 Techni cal Field The present invention
Telates to rocessi ng nmet hod and a substrate processing
apparatus. 10 Baodogm*ound Art In manufacturing processes of a sem conductor
device in a nmultilevel interconnection stnucture, a process of formng an
interlayer insulating filmon a wafer and thereafter processing the

interlayer in ' mis perforned. The interlayer insulating filmis
an insul ati ngm\mmmmg ‘l\“m el ectrical insulation 15 performance in the
mul tilevel in 'on struct urSPEEIEICATTIONanpl e, MSQ (net hyl

si | sesqui oxane) oH9HE

Q (hydrogen sil sesquioxane) is used as its insulating material. The
processing on the interlayer insulating filmis performed in, for exanple,
an SCOD ( Spi SUWBSHRAFEIPROCESSINGMETHHP ANDS UBSTRATE RRQCESSING
such as a sol-gel nethod, silk nmethod, speed film nethod, fox nethod, and
the like, in which the interlaayer i ARRPARMIIBi Imis forned by applying a
coating solution such as the aforenentioned MSQ or the like to a wafer
surface.3In the aforenentioned nethods other than the sol-gel method, after
t he formatli,n of tEF terlayer insulating filmon the wafer, curing
processi ng 35ckRicaliFigld the interlayer insulating filmis perforned in

rder rai h I n.r
order to raise t ’f‘h%epreegénto thven 10% 9ef1af’1 1 & §VuReah %(r:(t)cerg%}negr W3thod and a

oe3e Q awﬁmul SPECI FI CATI ON SUBSTRATE PROCESSI NG METHOD AND

substrate processing apparatus.

10 Background Art
In manufacturing processes of a semiconductor device in a multilevel
interconnection structure, a process of forming an interlayer insulating film on
a wafer and thereafter processing the interlayer insulating film is performed.
The interlayer insulating film is an insulating film having electrical insulation
15 performance in the multilevel interconnection structure, and, for example,
MSQ (methyl silsesquioxane) or HSQ (hydrogen silsesquioxane) is used as its
insulating material.
The processing on the interlayer insulating film is performed in, for
example, an SOD (Spin on Dielectric) unit, which employs a film forming
20 method such as a sol-gel method, silk 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.



2 This curing processing is processing which brings the interlayer
insulating filma polynerization reaction such as polynerization, and
hitherto perfornmed by heating a wafer at a high tenperature. Since
extrenely high energy is required to induce the polynerization reaction,
the curing 5 processing is perfornmed in aZeating furnace capabl e of
heating the wafer at a high tenperature. Mdreover, a long tine is needed to
carry out the sufficient polynerization reaction by heat energy as

descri bed above, whereby a batchtype |arge-sized heating furnace capabl e of
heating pl ural wafBhis auringt precéssingdd poocassing: uwhich dnmmghngmtedmyehe
vi ewpoi nt of, through ut . In the to curing, processing, thermal ener '
gener at ed byn gfp lmaspelyanenzatien reagtiah sueh s polysrerizasionn sod lmcgto
mat eri al ECh a po ymeri zatign and %gges linking to ,cure the

interl ayer i Ha¢ch §yr heakin gr at geh rtq@pgﬁ&r@ss.%@cprﬁ&tmﬁbam@
furnace, usuall perforrred taIe er ure s hi gh .as about. 500
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waf ers are processed at a tine in the curing procesSihg in the heating

furnace, wafused &ar the fouritgd protéssimg Uratn tige fvibwpoay oft thruaghpsibsko deet
wafers (in other words, "waiting tine" is generated) 25 whi varles a

total pri@cessiring t |pmc¢$umge,entlfmmait | emergyd genncerawdt oy i hsatlagl ncausies m 4 or
each wafer. Therefore, thermal histories vary anong the 3 wafers, for
exanpl e, wh@olymarizagion oceactiony fofr thece insiplatingi nglaaeeal véM8Q s spehf oasred
after coating, which may generate variation in quality of the |nterlayer
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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



substrate such as a wafer or the like to thereby realize a reduction in TAT
15 (Turn Around Tine). The present invention is a substrate processing

‘met hod conprising the steps of: formng an interlayer insulating filmon a
substrate; and irradiating the interlayer insulating filmon the substrate
with el ectron beans in a processing chanbgr to cure the interlayer
insulating film 20 In the present invention, in the step of curing the
interlayer insulating film the substrate nay be heated to a predeterm ned
tenperature. Besides, the step of curing the interlayer insulating film may
be perfor ned,dférsa foLexaRpIOWHEA t@hﬁﬁgﬁﬁmesmgffo%n@éwrﬁ@ﬂ QYIIRENOR

| ower than that of at |east an atnospheric air. In this cCase, The

at mospher e perfommethaftenbssatirig whichendy rgepleeated vadihtion frasqueflityobécthlear
wei ght |l ower than that of oxygen. In the present invention, the pressure in
t he processintgrlafentmsulatiyg filhsbe controlled in irradiating with the

el ectron beans. In the present invention, a pre-heating step of heating the
substrate nmay be Purthernibe clining proecssingin thehesting dumaocgi is peafemaed g a
sol uti on whi ch, becones the interlayer insulating filmand before cure of
the int et | ajEpimunh dimgt fory complebon; of diieappbrarization creacton: dh Gdghsto | n

this case, the peripd of tinme between coppletjon of the pre-.heating step
and irradi aHPBROYW tﬁﬁﬁﬁ'&%@ﬁ’% ealgaa t‘ﬁuQ H&@@WW%@@CW%@@%F9B&CM
to be constang. .Further,. the,pre-heating. nay.he rformed at a t erature
| ouer ¢ han Suifsipay AErorned L 8B ndition 1 ik RERHAVER maladhe RN W
i nterlayer | I i . e 2LV Lon, plasma may be
generated i Wﬁ@ﬂ?ﬁ&%#‘ﬂ%‘“ﬁﬂ@e‘ﬁ&ﬁ?@@%éﬁ‘&%?w th the el ectron
beans to cure the interlayer insulating film In another viewpoint, the

present invention is a substrate processing nethod conprising the steps of:

repeati g bysibcldstRAGF e Fivdmtin coating the 15 substrate with a coating
sol ution which becones the interlayer insulating filmand a pre-heating

step of heating tThespRethtigvaitici ié MBad®adni vigws bEthe adfdrémkAtioped ! pisint,
coating step, irradiating a plurality of interlayer insulating filnms on the

substrate wahd it8 esjecois tepesform thepaforessmiprsdacdréng tprocessing it shorterr e
the plurality of interlayer insulating films. 20 In the present invention,

t he irradi atinw amdt At ahlowee temperdiemmandnadduce dfe ¢otal \processang dimnenobfa an
object to be jrradiated with el ectron beans having extrenely high energy.
Theref ore, Bybstratadsuchi ag a weafentasr they bikei tos therebygrealizen a sedwetien st Tlgﬁ“e
with the electron beans w th high energy, the polynerization reaction of

t he intbﬁlazﬁﬂmﬂguﬁ iH§®)i I mis started in a short 25 time and the curing

speed of the interlayer insulati.ng film.is increased. Thi reatly redyces
the curing pr ocesilpﬁd)rfe??l‘ét ‘é’r’(&nialpgdsrae LALE PrOCERSLRS metho compﬁsmgt c

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



5 processing tine. Besides, since it is unnecessary to heat to a high
tenperature as in the prior art, the curing processing can be perforned at
‘arelatively ow tenperature, thus allow ng use of an insulating materi al
with a | ow heat resistance. Furthernore, the irradiation with the el ectron
beans 5 can be perfornmed in a single subsgrate processing system thus
keepi ng al nost constant the total processing tinme between formation of the
interlayer insulating filmand curing processing. Besides, the el ectron
beans, which are excellent in penetration, can performuniformcuring
processi ng B¥eontodledtinciriadigting weith it dledtioigbéamp) has a large thickness.
10 Besides, if the irradiation with the electron beans is perfornmed in a
reduced oxygen atImshégresentt mvaentiony gepredreacingr steipoof lheatingt then stbstratef
at | east an atnospheric air, it becones possible to restrain emtted

el ectron bemmy be performadaftey the dubskrategisecmatgd with a coatirg sobution winichns
colliding with oxygen nol ecul es, 15 Wen_the reduced oxygen atnosphere is
created by begomes ndheannterlayephinsulatingifdlmnand ubefarat eurg tof theyadaterlayer
nol ecul ar weight .l o t han, t hgt .of oxygen, it is possible _to restrain
scatterihg BSULMNg | lalin by, BEAALOR. WA tsge leeiron; Pramsi o/l HHs 26256, biaet he
oxygen nol ecul.e§ so..th the curin roc ing i r.ef erabl y .perforned

Uhe i nt er | apERORALIE hetweamcoRHEtion qindic BiesRERuas Sic pidgatadiation o

nol ecul ar i ght .| r than,th f o n include, for &x l e, heliu

it rogen,  ate SRR Wil en Rlechion] DA Ak BE cdhlled R Bsn PRt be
created by .N I N r Cid in
the. pr essur OB ernihE AEIRANE Wi 3% BeORTRd s B EerabiE bR Ui o
like to 25 j ' e : ;

nvent fon, SapEErCCr SRR iF I AP O AR e BBy L Pl BRE TR,
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like remaining in the interlayer insufating filTmcan be vaporized. This can
prevent thechambent afterd itfadidtinge Wwithmiv@pslecgbngbeamst eo rage gie ointdrlgyer
energy of the electron beans or the like in subsequent curing 5 processing,
t hus preveninsudatimg fidor.i ng processing from being i nappropriately perforned
and the solvent fromcontam nating a |light source of the electron beans. In
t he present invenln anothdreviesypaint,othet prasepttineentionniplasubsirait progessing
pre-heating step_and irradiation of the substrate with the el ectron beans
is 10 cont r matbad ieomprisingsthenstepsind sepeating beth 1 coating step of wosting: the

fromthe pre-heating,fo the irradiation wth the el ectron beans peco
uni f or i3 Thhubsteate Witha ceating s IQIhWt?'H&l }?&FOH}% i 1B4eT, g\n§u§§mga SO

B
el 1 g 55, ALy ALY SRR RERLAFRI S S
Lo, Soover LIBAARTHAR BchdioHeinS SR B Bhelify ARSAGHRS chRBHEhiNLA

in insulati gfe PRIraREYBP BftetlaybPinSudating fhdsayer insulating filmof a better
quality. 20 I'n the p}?gsent inenti on, plasma is generated in the processing

chanberp@f t er t heln nther payseinti Brdraiom ot limadsatéon ewithy the r éldbaonobenitsh
el ectron beans, whereby the potential of a charged-up substrate can be
| oner ed. Thenablesaffedtivesittadiationngfi ars @bjedtetosbe prradiated weith iehgctbon beams
coating 25 step of coating a substrate wth a coating solution which
becones an havmg asmiremelullighngneigyn afdthexefore; Hest irmaliating e himderlayert he
substrate after

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



the coating step; and after a final coating step, irradiating a plurality
of interlayer insulating filnms on the substrate with electron beans in a
‘processi ng chanber to concurrently cure the plurality of interlayer
insulating filns. Therefore, the plurality of interlayer insulating film
can be cured in a 5 time shorter than thats in the prior art. A substrate
processi ng apparatus of the present invention conprises a first processing
section having a coating unit for coating a substrate with a coating

sol uti on which becones an insulating film a second processing section
havi ng a cupio@seingcesmieng Busiddsor sinvei g ishaidneeebsiryngol hem oo taehigh
substrate by irradiating the substrates one by one with electron beans; and
a Garner netémpemsatufeas darthgi pigot laet, thbsturing precesseng tdaa be perfqmuerkatiang
section and the second processing section. In the substrate processin
appar at us ofelatively bywriempevature othust allowing nge pfareinsulating imaterial iwi%h ade
a grid electrode between a nounting table 15 on which the substrate is

m)gnt ed andlewdbeatceesisiance.r o Husthergoney the Heradiation gwithethes electrom beams
trat [ cat t t o ti , h '

o ocesei hg Gk DorRaTLehEd iha:insle SRS PrOCSIHG AHERY hasKECBIRAIEASt he
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wi th the cogifeppthetintérlerinsiRdino GIR &S RirBd thidkne§e substrate

processi ng apparatus of the present i1nvention; the first
10 Besides, if the irradiation with the electron beams is performed in a

reduced oxygen atmosphere with an oxygen concentration lower than that of
at least an atmospheric air, it becomes possible to restrain emitted electron
beams from scattering and losing energy due to the electron beams colliding
with oxygen molecules.

15 When the reduced oxygen atmosphere is created by replacing an
atmosphere around the substrate with a gas of molecular weight lower than
that of oxygen, it is possible to restrain scattering of the electron beams
caused by an electric field created by the oxygen molecules so that the curing
processing is preferably performed on the interlayer insulating film. Note

20 that examples of the gas of molecular weight lower than that of oxygen
include, for example, helium, nitrogen, and the like.

Alternatively, the reduced oxygen atmosphere may be created by
reducing a pressure in the processing chamber. The reduction in the pressure
of the processing chamber can reduce oxygen molecules and the like to

25 restrain scattering of emitted electron beams.

In the present invention, a pre-heating is performed between the



8 processing section may include a resist coating unit for coating the
substrate with a resist solution and a devel oping unit for subjecting the
‘substrate to devel oping treatnment, and an exposure processing unit for
exposing the substrate nay be provided in an area where the substrate is
allowed to be 5 carried by the carrier nmeghanism In this case, an etching
unit for subjecting the substrate to etching processing in a reduced
pressure atnosphere nay be provided in the second processing section. The
substrate processing apparatus of the present invention nmay include a

carrier chagbgingQusp aadtihe sieprofecuringbel intedayebRisudatinh THmEWhefby a
cl osabl e; and a pressure reducing nmechani smfor Teducing the pressure’in

t he carri ersolvenbeind cthe pikedeemainingd ipr tres interldyert hesudatisgr film can be
processing apparatus of the present invention, the pressure in the second
processi ng vaporiped.nafhix:can [prereent: thesolventiard tha Akesfrom vaperiging dueitng
apparatus of the present invention may 15 include a reduced pressure |
chanmber houtgaeipt 6Ehigh saergi of dhe eheciren beamseonthe hkedasshsgquent curingnd
being hernetically cl posable; and pressure reduci ng nechani smfor reducing
t he pressur BTQGESEHE, E%%@V%@é&z}ﬂ% CHRREHRYOCESSIAEHHONE DEHH MAPIIOPERIRLY.
In the substragte processin aratus of the present .invention, . a 20

ther mal * pr oBEOTHEA.ANG 16, o Bl dZih o Rt iBabbe: & ieht FOutEs i thg: Seekonng
may be provbded in the second processing section. According to the
substrate p US| ng apparatus of the present invention, the substrates on
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10 controlled to be constant, whereby thermal histories of substrates from the
pre-heating to the irradiation with the electron beams become uniform. This
restrains variations in thermal histories among substrates so that a
predetermined amount of heat is provided to each substrate, resulting in
formation of appropriate insulating films having a uniform quality.

15 In the present invention, post-heating is performed after the curing
processing of the interlayer insulating film, whereby it is possible to recover
from damage at a lower region of the interlayer insulating film due to the
electron beams, so that the interlayer insulating film improves in insulation
performance to form an interlayer insulating film of a better quality.

20 In the present invention, plasma is generated in the processing
chamber after the interlayer insulating film is cured by irradiation with
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



9 extrenely high energy as conpared wi th conventional heat energy, whereby
a polynerization reaction of an insulating material is carrier out in a
'short tine, and as a result, the curing processing tinme can be greatly
reduced. Hence, the substrate processing tinme is reduced, whereby a
reduction in TAT is 5 achieved. Further, By providing the carrier
mechani sm the substrate can be carried snoothly between the first
processi ng section and the second processing section, whereby its carriage
to the curing processing unit is also perfornmed appropriately, resulting in
a reduct i onthien cbAfingf stepysanditaftar ac sl nepatingo stdys, afadiawingt aophttatity cof
el ectrode can control the energy and the nunber of el ectrons of el ectron
beanms reachintgrlayer sinswiating. filine ourthengubatrate owithhielectroe behntsr dne a s
mounted applies a reverse bias voltage to the substrate, whereby the
reachi ng di pregessing chambgy tofcasicactantly berenther plralify of tintarlayiegansnlating
substrate can be contralled. 15 In the present .invention, when a resist

coating uni filmsy chherefere; tee plwalityaf interfayeriasulatingofilm; ¢an baguzed in a
devel oping unit for sybjecting the substrate to devel oping treatnment are
provi ded | nbiIHshorter H}d“o‘g’@%érgﬂbe BEOI@5h, and an exposure processing unit
for exposing the u?§$rate in an.area mhereéhh. subs owed. to be

. b tr@te i%.all
carried by the ca SUALE PIRCEINING %P&?‘Hé BIESEL Hbvseé’i AN COMBIISER &

cur i ng. pr oc Be4 RS e BRGHAH HA%ing T hRung IRE 67 ook s SRBSHRITETR o
W th the reﬁbéﬁngnoédihgﬁﬂ’ Vﬂ’gﬁ:fl' Bgcéﬂletshﬁneﬁﬁﬁféﬁr?%%ﬁ?esf'sgg HA' prdbeskin
carrier mechaniom SUDLEcted to exposur e processing. therearter returned to

the first pgOKESS ih'agir?f%t élﬁ@n%iﬂgcé&@hgqg?ﬂ fbe cHlEmg! ar ﬁﬁu‘lét]?liig THR onZthe

Accordingly, a photolithograp rocess ormng-a resi st min a
predet efgn nggbqrpitecy ifadidtmgPtid qibReates dn@eb%'éﬁ@t withcelRcaonSbedifls; and a
appar at us 10 of the present invention, and t’he aforenentioned series of
processi ng carridre methanisin for sarmgsng tthei substcateebetwear ahe afiystt pravessingt he
substrate to apothersﬁrocessing apparatus which is separately provided, and
t he subst r asectporoand thegecomd pracessing sectempondi ngl y reduced. By further
providing an etching unit, the substrate which has undergone the

af orenenti oned | i Imdheaplstprte cpracessingh epparates tafd the presentn iyt sthey
in the sane pr,ocessi ng ,appar.atus,, s hat the process to the etchi,n
processi ng e'aﬁnsdnioﬁpasﬂea,urahmayenﬁuéﬁ@ &%@ﬂwf@fepﬁe%%@l ﬁgnwméng dable
further_ reduced. .The,presgent invention further iincludes a carrier ch er
housi ngl4 heOtio WiHeH GE SEBNseots dnauBichghAor AFYICH: Tor MR Aih ahe
pressure redycin chanismfor reducing the pressure in the carrier
chanber to 8ﬂ¥4%ﬂb$§?ﬂ§hed pressure, it is possible to miintain a reduced

et . | i ,
Phe Tirat procossr g BeRrPariE iRl Rabfng SEIE dokine BVl MR

reduced 15 exyagnpRidERSRIEC R RAPHY s(rABAREECHIcH i HoFhiAg @bl

coating sol utli ke on t'he substrate ring carriage Is prevented.
Fur t her nor e wHibk thé 86Btrete I8 thba@nfed AsPlics '@ fORIrs€ dilaPdeoltggiel €6 thd Subsirate.

i nternedi ate pressure between the atnospheric pressure and the pressures in
the curpmg procesfnnieusibsteatd piocessisly appaniths ohdieipreséret meation; e
di fference between inside and outside the curing processing unit and the

et chi ng uni tuiringr pdocesding amit tis ngtructured suds thate the dprstssore tin ntheofcuringse
units. By reducing the pressure on the substrate stepw se when the
substrat e i precassingiunitiay e aleweddo beiredscedhe 1i ke in which the
pressure is highly reduced, a burden inposed on the substrate due to
pressure change cifh the spbgraterRrgcessing Appsatys fcthe present inyentiome the fisst
pressure of an atposphere in the ection

f orenent i oned second pr.ocessi
Us all oved PEOGRSSHIS: Segkon qnay inchude, s REANE PRPEeSI ANt 408 SpBreshings Hitor o
b i ntaj i h d i ion., Co tly, th
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can be reduced. 1 the substrate processing apparatus of the present invention, the first



In the present invention, when the substrate processing apparatus 5 further
I ncl udes a reduced pressure chanber housing the carrier mechani smand the
‘second processing section and being hernetically closable, and a pressure
reduci ng nmechani smfor reducing the pressure in the reduced pressure
chanber to a predeterm ned pressure, it bgconmes possible to maintain a
reduced pressure atnosphere in the carrier path when the substrate 10 is
carried between the first processing section and the second processing
section and forma reduced oxygen atnosphere therein. Consequently, the

oxi dati on oprédeesiipabedtiors dhay include 4 hesist &Gatdip Lhet Forbeddtdie thé substrate
prevented. Furthernore, the pressure in the reduced pressure chanber can be
reduced to with =t essistdselutionr endua eldvelopiag thig fornnsybeting theesishsteatento
the pressures 15 in the curing processing unit and the etching unit,

wher eby t hedpveloping tredtneentn cand eaameaxpasise deromessiogt snite foheexposing the
processing unit and the etchiqg unit is reduced, resulting in the pressure
reduction t Pubstsate: mayebeproyidest iinfambages iphersnthss subsirategis ablowed, ta bes
an explanatory, vjiew of a horizontal sectiop, showi ng an outline of ihe .
structurd ofatied ﬁyﬁaﬁaﬁ@% mwmaisfmﬂg&a i €4S ARrF LA UBIT daF SHbJoCting

processi ng t hod according.to an enbodinent jis inplenented: FIG 2 is.a
Front vi ew BIC SRESTHEJOLECHIAG PRAGISITE 1y asgueatl RresTuLe, shmasphsee ey b8 | o
a rear view_of .the.i lating filmformn pparatus of FIG 1; 12 FIG 4
s an expl aRg?‘GWE\}PQ&)g(§EE3“@@F‘{"F%5§}H%g%‘ﬁ?%‘ﬁ of a curing processing unit;
FIG 5 is an expl t h{@AW. i%gpﬁrg S ' \ FERlbRT
structure exanpl qu];é '?Egs?‘%%upg{)?%sngl fortrﬁsngﬁtagg;r%?ggmgnFl GG% Iinsayan
expl anat or yindlade o adrfiet ZeRhmibes e tiousthg hhe Neardier owhédmmioh iRl bein
structure of a wafer processing apparatus according to an enbodi nent; FI'G
7 is a {gonherneticallytdlesablegrandr aquessune rathring unecharfib@ {6 rédéeing the a
rear view of the wafer processing apparatus in FIG 6. 10 FIG 9 is an

expl anat or y préssurein theseatrierathaneler tora pfedeterminegl presseresi ng unit; FIG 10
I's an explanatory view of vertical sections of wafers each show ng a state
in which a fil miinfthensubsirate hprowessingi appardtuprafc desiprgsent 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



step; 15 FIG 11 is an explanatory view of a horizontal section showi ng an
outline of the wafer processing apparatus when an etching unit is provided
‘therein; FIG 12 is an explanatory view of a horizontal section show ng an
outline of a wafer processing apparatus including a reduced pressure
chanber; 20 FIG 13 is an explanatory view of a horizontal section show ng
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
t he waf er processing apparatus show ng the configuration of processing

uni ts in thexuehmly Mgk eneridagrpaipired with”ddaveabiohdl hEhGendizyl wisteby a
expl anatory view of a vertical section show ng a 13 structuré in whith a

grid el ectrpdiymeriphtiordeaction of annigsplatires siatgriahist cardied dut @ alshars tane,
explanatory view of a vertical section showng a structure in which a

pl asma geneand@s a gesultythieduring progessiggplimecsan by greatly fedieeet. Moldentey
Carrying out the_ lInvention A preferred enbodi ment of the present invention
wi ||~ be expthg subswaleoprosgssing timeaipiraducedwwdresabyga aiedogtionnin oFARnis
insulating filmfqQrm ng apparatus., ] in which a processing nethod of a wafer
W accor d ngaelieveds drirthar byrroni thescarer dpephamisny the spbstraie canhe

view of the 10.ipnsul ati filmform ng.apparatus.1, and.Fl G i,S a rear
Vi ew of t heCf aﬁrpggkhqgl between the “ficst- processing section anci)’ the second

processing section, whereby its carriage to the curing processing unit is also
performed appropriately, resulting in a reduction in TAT of substrate
processing.

10 The aforementioned grid electrode can control the energy and the
number of electrons of electron beams reaching the substrate. The mounting
table on which the substrate is mounted applies a reverse bias voltage to the
substrate, whereby the reaching distance of energy of electron beams reaching
the inside of the substrate can be controlled.

15 In the present invention, when a resist coating unit for coating the
substrate with a resist solution and a developing unit for subjecting the
substrate to developing treatment are provided in the first processing section,
and an exposure processing unit for exposing the substrate in an area 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



filmfornming apparatus 1. As shown in FIG 1, the insulating filmforning
apparatus 1 has a structure in which a cassette station 2 for carrying, for
‘exanpl e 25 wafers Wper cassette, as a unit, fromto the outside into/out
of the insulating film15 form ng apparatus 1 and carrying the wafers W
into/out of a cassette C, a first processifng station 3 including various

ki nds of processing units for perform ng predeterm ned processing in a
singl e wafer processing systemin an insulating filmformng process, an
interface section 4 provided adjacent to the first processing station 3 for
transf erri ngf the presentsinventiod, andetherafozémentioasdi segiest aff processings tanlibeg
an undernenti oned curing processing unit 55 for perform ng curing

processi ng tilingd.i nAsra tgsadt, ihbecemes gnhecassazy ¢oicaraythe $\;bs¢ra’6ﬁé@t8@@th¢rn
the cassette statjon 2, a ural ity of cassettes C can be munied at

pr edet er ni nBEOGRSSING omp%raﬁhs cwhiel ¢ 18 nsrpArately « psp¥ided, wandnh the subsisate ng
25 portion, in ajJine in an X-directio

direction.in FIG
1). A wafePTesESsHlg Hmecan Pe cRyvesnan 1ﬁg Yhég@i -Bu”ﬁ* Tther, RIARING a9

the wa?_iziz SihRE oot dhe * shBSIraRD) which ;Miab  Boilebsond, e fog%%m‘?ﬁﬁﬁﬁhoﬁ;
'ﬁ; oot iv'vlefyllm?é’éefl&e@%‘ thé%fe‘%eﬁ{‘ﬂs@e?%é'e ﬁ?ﬁc*b%@%mﬁ%ii e, S °
B 0 st ruct Brog st SbpRRey 58 el 1 HrePeE s the bichifle HRGEsARE] AL bE, | ©
a third proggssidiandhéne iR B ue plScasaiiey MRRY isoMetheriredica.ocessi ng

station 3 side. I'n the first processing station 3, a main carrier 13 is

provided at the tThee[ﬂie@éni fiefeftion ﬁﬁﬂheﬁiﬂ(ﬂuﬁei"a”é’éﬂéfr dH¥nBECR6ESIngIthe

units are stacked In Itiple tiers around the main carrier 13 to

constityje pamf@Shictlaniymh AdPbRing h@rﬁﬂ&ﬁc‘aﬂ?%l@%aﬁﬁ amﬂra b@éﬁh?@ rédeéingt us
1, four processing unit groups Gl,~ &, G3, 4 are placed, the first "and

second procasshagismi tfogr qedacial athe @r@serepl acethon chhterf r dMmbegle tof at he
insulating filmformng apparatus 1, 15 the third processing unit group G
is placed apjedstermined rpresasest ite ist possible, teanmhaimtairt oar rédycedk epreissgre
unit group 4 is placed adjacent to the interface station 4. Further, a

fifth procestiagpheret ingaocasTies paibvihen tbebsnd:sérateu&epamaddeetmm theen fiirsty

pl aced on the rear side,as an tion. The nmi n, Garner, n.carry t
waf ers Wi nPEPGRSSING Seaton naRd rfgﬁwm PEPGRRS NG S66HAR; %c? dorimia; gecameélh

T e L
di ff d d f

LT SRR Tl S oL S ARG O e
o0t Pyt 15 PRASETS G AP R e S I . B,

insul ating f{ddefinediate 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



15to 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 tw tiers. In the third processing
unit group G3, for exanple, as shown in FIG 3, 5 a cooling unit 40 for
cooling the wafer W a transfer unit 41 fpr transferring the wafer W
fromto the cassette station 2, |ow tenperature heating units 42 and 43 for
heating the wafer Wat a |l ower tenperature, a high tenperature heating unit
44 for heating the wafer Wat a high tenperature, and the like, are, for
exanpl e, st pslsgigelynldw\ieduiced presaitet sitnddphepencan B¢ @edintdided Mnt the $voridh
processing unit group 4, for exanple, a Cooling unit 46, a transfer unit
46 for tranpfesessing sdutiomf eConsequdntiynthopressrrefredactionttime of, the dtohing
tenperature heating unit 47, high tenperature heating units 48 and 49, and
the |ike, anmtmgmmgprecmh@umtdmmm@@dtrom the bottomin order.

It should be not eii ttBat re-heating before cyri ng processi ng .S perforned
at 15 two stages #h HRePreswnt SYEPROns SWRER! sphstrate praeessing 43ppatatushe

hi gh tenperatuyre heati,ng unif 44 48 or 49. .,In.the.interface section.4, a
wafer Gy neruBher SIREG dopduscs’ RERSHR, shrinber Rptsing (e Aineh Toeetpis
novabl e in -directia op- t.0-b di r I LA, F in
t he Z-di rec%ﬁ@nﬁgﬁ ﬁéce%cl té}(?é%&g?é e%etcl&ig)ﬁl) géhgg%&gaﬁgﬁpgﬂﬁéﬁy nélgsgﬁl-e)diqﬂggﬁ on
(a directio t atq r s L= axd . b ts to
t he transfe?rékfﬁpg84%&%h%§f§d@§eﬂﬁﬁsﬁéaﬁﬂgtsjzr?‘%'?%@ ctgs?%i ﬁlé]é%g{l%l lgr %ﬁ% @ﬁm
undernenti o NEH rid f41¢hi i egen Sy} j on
5. The secoﬁa%ggg%e&égé}%gegtg ?%ﬁp |es_ proaéldd 5&%31‘3,02%.9?%&?%@ ?2?%?& ag{g 25
section 4. Fhfnfffetducedgsebfifredtaidspherd i HikesaficiUpathowRERGRS SUBStra t
55 in which curing processing is performed on an interlayer insulating
film 146 {heamedtbetgvaenr the firsdpracdssing f sectivr ando dnd isegohd epeouessing
waf ers Wwhich are carried between the interface section 4 and the curing
processi ng sectiosandafaina acrediced exygémratmmspherg théreimaf Clondeqgeentdynthene
mounting portions 56 and 57 and the curi nglgrpcessi ng unit 55. 5 Next, the
structure opxidasiorf efethencoatieg solvtiog or Hedikengnuttier sebstrate] ispprexentedbed
in detail. EIG 4 is an explanatory view of, a vertical secti og) show n% t he

outline of FHethermeze,the pressuee Hutheiedicsdprsspyre ghambsr canderadusgd to
Do b sBg s orsst BEb: T SyuoePe e rosRe Ao e B
forma proc ;

mai ntai ned in the curin rocessing uni;t .55. nount i n abl.e on_whi ch
Che var & W shfoitibe" PeotsRSias uitt dd' i srehiBR it cwbPrsSsdte redsufe
nounting ta a . e ! i . a. nmateri

havi ng gxcepifgﬁfe%tcﬁeié%@yé%gﬁgg@% \# @y&uésgdr‘g?%grr%@é,g ?ﬁcggﬁﬁgapgﬁdgf,lﬂa{he
al ui num ni bidifige Wi isBdbickd, Wabflnd B BRsSute rdiRRM AStiireSof BeRE ifits. 15
The nounting taﬁge éo contarns a &eaél ng ngans or raising the tenperature
of the mounting table 60, for exanple, a heater 61. The heating val ue of
the heater 61 is controlled by a controller not shown, whereby the

t enper at ur e geft hes h 09 D@aRlinge0 can be mmintained at a predeterm ned
tenmperature. 20 A dri've nechanism63 including a rotation neans for

al I owi nggt he mounEIGy 1 4Rl &n @Xﬁléhit@r* ofighalifea Horizéntal¥eetion SWIWingrar he
like is placed under the nmounting table 60. Hence, it becones possible to

rotate the oudineé of thebsrucfratof hr insulatfg filmedomhing appatates dnt whvickeanms
from undernenti oned el ectron beamtubes 66 to thereby unitormy irradiate

t he 25 enti mafenprecsssifg niethodheconding totan embodimgnt ishinepletnanited; t he

el ectron beans. Incidentally, the drive nmechanism 63 may be provided with a

rai sing 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.
1;



17 and | owering mechani sm which allows the nmounting table 60 to be
vertically novable, as a distance adjustnent neans for enabling adjustnent
‘of the distance with respect to the undernentioned el ectron beam tubes 66.
The nounting table 60 is provided with a plurality of, for exanple, 5 three
rai sing and | owering pins 64 which are pro2rudabl e above the nounting table
60 and raise and |l ower the wafer Wwhile supporting it. This allows the
rai sing and lowering pins 64 to rise and receive the wafer Wand the
raising and lowering pins 64 to | ower and nount the wafer Won the nounting
table 60. 10 The §UIG. g P a@eexplthdtory view il udeertichli keaibRtdPm doiimpe
65 for irradiating the wafer Won the nounting table 60 with el ectron
bearms. The iproeehsing anitdevi ce 65 includes plural el ectron beamtubes 66
each for applying an el ectron beamand an irradiation controller 67 for
control Ii ng out puFIGE 5t tseareexplanatotyeviesv afi horizontal iseetion showinhg ariother on
beam tubes 66 are 15 arranged in posjitigns facing the nounting table 60 in
an upper sustretirgrexamaple2fi the issulating fikatforming apparatisbeans can be

applied to the inter]ayer insulgting filmfra ove the wafer The

el ect rond beam f roﬁ@a léfalﬂrfé‘lgﬂ%tpﬂﬂn‘“l?@é @?ﬁ@éz‘@@a& WEHONL 8hoWIng an
appr oaches t he.waf nd the tire face of the wafer Wis can be
FFad ated AREHNS 1 S6 RRISUB Fs apafe RIPSETHRE RTBMAcsflipgeto an
el ectron be%@%ﬁ% 6. In the upper surface of the casing 55a, supply

pi pes 68a a *suppl yi ng gas ot her than oxygen, for exanple, an

[ , heli gﬁ,-'frggf-cqg %ﬁfﬂel' g Y685 Fi€&. guPp!

Ipingret Gg:si S SrIOSi € 'gnlglta%e Si gé o?’fatﬁél};ﬁ errr?gﬁg?%ﬁlﬁe%aégr ré e?l%peﬁil'nggr), g
d h | - - - - M

and the supply pi paBisiSredp Jﬂéﬁvéfiﬁﬁ RAfr15oRBRARE AbpAFARs 3h FILE 6,

undermentioned carrier opening /1. This e gas froma
not - shoyyp supply $IG.CO i0 dpe expPRdteey I view ofl& vepieasse@ia®aofnd curing
substituted in the casing 55a, which creates a reduced oxygen atnosphere€ in
whi ch curi ngrocexsagsungt; i s performed. Mreover, the supply pipes 68a and
68b are provided wth valves 68c and 68d for regulating the supply quantity
of the inert gas, Fié&spHEtis varl expldmatety view efipmrticaliaectionys Dfowaférs each t
gas to be supplied into the casing 55a can be regulated. On the other hand,
in a lower §Eowang astatbdncwdicly as6km s« femmed miméie waferrin goh procgssing
connected to a suction punp 69 placed outside the curing processing unit 55
are provi dedt@% be able to purge the inside of the casing 55a. 10 The
exhaust pi pes 70a 70h are provided with val ves ,70c. gnd 70d for

oul at 196" exhaucFTtuat it yin £ERAAEDE W HE aROFZRBHE SHecton, Showing g
and 68d and 70¢ anc} 0d_are structured in uch‘&ﬁ rnamnefec t.hat t.heir ogedﬂd‘ng
and cl osi ng “WHNG O1oe WAL BYOSESSH ABPARINE when i flehing; ypjt 4y proxide
detection S‘flﬂél%?'n'K for detecting the baronetric pressure and oxygen 15
concentration 1t n’he casing 55a, and obtained detected data can be
transmtted to th I a%gﬁh t { Scddti Ao that
the data detect ed@g?%%qgeétigg%?%n se Sg?eﬁ {)gcdt #gﬁszﬁﬁ@e%é#%&{jﬁgb?éﬁ% r%ﬁ

part G and oifiné BE aCWAfeTProRassi a?@@fﬂh@ﬁ ERAiNg 'a1e8ubed prassueSehatitber;
val ves 70c and 70d lglased l-(o%nrthe nc}gt . Accor%li ngllygat heusupply cl]luanti tye(gf

the inepp gas to FEGO1BUPpd eﬁtplaﬁano?h@i@wsbflgt hbsizanthlt fertivmshistving an
quantity to be exhausted to the outside of the casing 55a can be regulated,
wher eby t he outlinereifrthe wafes proeessifg @ppaeatusowhenta sixitly proocessig amst grpufba
can be controlled at predeterm ned values. Mreover, when the wafer Wis
carried in/ ésiprovidedgh a seconar proeessipgrtatgornsl, the supply quantity fromthe
supply pipe 68a 25 on the carrier opening 71 side can be increased, which
makes it possi bl e 6. déhifendaar view afithie) wefer processingnapparatusashewing the he

carrier opening 71 and . o . . .
P con%gurauon of processing units in the wafer processing apparatus in FIG.

25 13,

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



19 thereby maintain the predeterm ned at nosphere in the casing 55a. The
Garner opening 71 for carrying the wafer Win/out therethrough is placed on
“the carrier arm58 side of the casing 55a. This carrier opening 71 is
provided with a shutter 72 which nmakes the carrier opening 71 openable 5
and closable. This allows the atnosphere i1 the casing 55a to be cut off
fromthe external atnosphere to naintain the predeterm ned atnosphere in
the casing 55a. Next, a processing process of the wafer W which is
performed in the insulating filmform ng apparatus 1 structured as above

wi [l be expsguorde idWhichsd grid eleé¢eoddVd pleveddita @ﬁrih@@r@@és%ﬁhdg an( ahdon 2
by the wafer carrier 7 is carried to the transfer unit 42, and carned
therefrom by the FHGn bfarisi an &fplamacotyheviewolofng werticad 1sedtiorh showingl &
tenperature. Then, the wafer Wis carned by the nmain carrier 13 to the
coat i ng uni strastureén whichs plasma gereratdris proivadabin adunngproessingtuniti ned
coating solution which becones an 15 interlayer insulating film for

exanpl e, a coating solution containing MSQ The coating processing is

perfornmed, for exanple, by rotati he wafer at a predeterm ned speed and
suppl yi iy tB@%&@ﬁ@%@?ﬂW%%ﬁ%@liﬂmi% part of the rotated wafer W

in which the supplied coatjng,sol.utign is spread over t.he entire face. of
Lhe et or W by cofs Pretegiad Featientrot Pne BreSepr ivenlictarall bf extinwed
coating sol ytq i ryised, fQr the | e rat t]

init 43, -wnBRISne FIER of ') b Bl VU wfk A sflind AR ST IS HRE, I
at 150C for : T r | J |

2 190C 190 SR st LS PRI s phOGeatie polhon S ot WP abberdino
200C f or onehis pésent Bmbb8iment i§ - #ifleniéhted, HEG.| QWid SMFRSR Yidw 8t tHeo
unit 42 and high tenperature heating unit 48, the solvent in the coating
sol utiofp i sirise@NES filin FaP@ingZappaatus 1,2hdFIGAB is Al @ak 3¥ew ofttheliasulaging | m
is formed on the wafer W Next, the wafer Wis carried by the nmain carrier
13 to the tﬁMﬁf(ﬁ‘mjngidp atukilen, the wafer Wis carried by the wafer
carrier 50 in the interface section 4 to the nmounting portion 57 in the
second processi ngAst shown i FIGSuhs thpu emsulgting Hélmeformiigi apperhtishy hae a
carrier axm 58 and carned into the curi ng fprocess.i ng unit 55 concurrent‘;Vy
wi t h openi ngtrecturadnswbichea casseste stationuZifog qaroingsforgexamplesly watars

operation of the curing processing unit 55 which perforns curin rocessi ng
on the int ePPRRASSEHBUARE M@t i ITeMto tthe quiside unig/ppt ki the d@@gaﬁsgdﬁim

First, before the wafer Wijs caxried into the in rocessi ng, . unit

he: heatd no omiig SPPATRE, g casmying Binvatars S oo OT acasrue Lo Htse
controller not shown, re th enper.at.ur f_the ting table 60.]
ot nt & ned, Broseoai O8RSt v ALOHE o Rinds o "PRieRfing? Nyt Or
t enperature f nen;. i: i . era [ i .
Then, when thﬁéﬂﬁggr@égc}cﬁ alﬁtg‘ggnjégg%&’rlfégggaéfs ﬁ%gg‘ﬂgﬁgég@gﬁ%bgo eSFﬁjIﬁgHHl
by the carrigr; 58, r@h{gg i i Ll P SR
portion of th'ﬁemfgrﬁoll%ﬁ n%mtigg e pﬁ&ﬁs?gﬁgﬁg%rr?%% "';féo&ito#egﬁbgl Si ng %(ﬁgc
lovering pi e GsiMprobedsigg @BoAt 3NfdrbitahSferingnarR waterCaW! ahd hh€econd
carrier armb58 withdraws fromw thin the casing 55a, and the shutter 72 is
cl osed. 2¢0 pubeesdlgnitationt SeinvhidingVin urdetsientionetdhcurting proeessigg ainit 55
rai sing and | owering pins 64 and nounted on the nounting table 60. This
staxts rai sfog pérfotrimgerenring pirocdssingfef a sAitetlayer tinsalating i filmgaare
for exanple, is supplied into the casing 55a fromthe supply pipes 68a and
68b, and t héntegraltpbenne¢tedt he casing 55a is exhausted fromthe exhaust

pi pes 70a and 70b, 25 Consequent]y, the helium gas is substituted in the
casi ng 55a. Then, In e gassette staticih2op Muralityt of sassestesly gam be menntesk Abn

in the casi ng 5a, and " . c 4 .
predetermined positions on a cassette mounting table 6, which is a mounting

-
e

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



21 the control part G operates based on the detected data the val ves 68c
and 68d and val ves 70c and 70d. As a result, an atnosphere with a | ow
‘oxygen concentration, for exanple, an oxygen concentration of 3 ppm or

|l ower is maintained in the casing 55a. It should be noted that the valve
68c may be 5 adjusted to increase the suppdy quantity of the helium gas
fromthe supply pipes 68 when the wafer Wis carried in/out. Wen the
tenperature of the wafer Won the nounting table 60 is stabilized at 250C
after a | apse of a predeterm ned period of tine, the wafer Wis rotated at
a | ow speedciysettes qﬂm e direehion) aid i tHé eiftiotr of asrahigephawrof thdWwafers
the interlayer insulating filmon the surface of the water Wis irradi ated
with an el eWhouskdam the caspertel € €éa A-déxdctionpat verfical dirctiba) ii?rdxex\d.edﬂroom
each of the electron beamtubes 66 for a predeterm ned period of tine, for
exanpl e, twberfreclyemovabie aloeger garrvér path 8l sxiasco beableite salpgtively get
the interlayer insulating filmto i nduce macronol ecul ar 15 pol yneri zati on
of MBQ { net AgeessitpdBe dasREciVE) Cagsetrs {orns the interlayer insulating film
and thereby the ipgterlayer insulating filmis cured, Incidentally, th
output ot the el ecfPoNABIHATIERd Nas gﬂi aligrgnent fngtipn E@%a gaHIE f‘e“é?gﬁfs

B
i i - 60 ] . i . 60 4
o 2C1on oyl ARSI R R8RS

and exhaust I i t opped. Then, the shutter 72 is opened,
i eSS g 3 908 o0 :

the carrier goe he Casi ng 55a, and the wafer Wis transferred

to the carrier arfj ¥ic 33 BHOSERHET Wtatior Be ARTh Atier 9 ReBrdvietdicthe

curing processing unit 55 unting portion 5 nmouht e er eon.
Then, the wWaéster Wheteof, 28nd avari6ds Kiﬁﬁseéﬁfmbeprd%{esh WRiRY agér$ta€kedCinand
the main carrier 13 to the cassette station 2 to be returned to the
cassette C, matltiple siers arourid Wed amaillVqardeed 3i togcomstitateoprdcedsingnuaiigroups.
above-descri bed enbodi nent, since the curing processing of the 5 interlayer
i nsul ati ng Inltheiiaspktingr filkmh fyrmingadpparatgs tlhfountprotessing i urstiigroupy G1) m
on the wafer Wwith el ectron beans with high energy, the period of tine
requi red fofG2,He3¢candnGdpaxsc plasiedg the firshandasgopndeprecassmg ooitpgraapst &1
that in the prior art. Besides, electron_beams, which _are excellent in
penet r at i onand {32 jare plagedserthe framiside of theyjrsulating fim fyrmingnapparats 1ze

R A R A IR AT SRR RTINS
i h iti i f th f W i b h

processing. SXIAER il bhadht i roblrHh AR &3l

wafer proceggiiig hS 'FHitiGd a ¥t PROREEnE Urdif §r8hp s Fhbwd By2d rbk e 1irdd°

wai ting

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,



15 time allows the period of tine between the pre-heating and the
irradiation with the el ectron beans to be kept al nbst constant, thus
‘keeping thermal histories of the wafers Wuni form anong t he waf ers.
Furthernore, the wafer Wis heated by the nounting table 60 in the curing
processing of the interlayer insulating fi3m so that thermal energy can 20
al so be supplied to the wafer Wto accelerate the curing processing for
performance of the curing processing in a shorter time. Mreover, in the
curing processing, since a reduced oxygen atnosphere is nmaintained with

hel i um gas g thbewafss W, 5@, sickedein pwootietdle Bl glaé rseeohdapFoce’singnuaiti on
of energy, and so on due to oxygen nol ecul es are 25 restrai ned, whereby

i rradi ati ongyeuph Giea ehewticairchzenber taArinbkiding arffér tanks rofachemicals 26d Sonce
the pre-heating is performed in the | ow tenperature heating unit 42 and the
hi gh t enper anand aeaating umt 18 A8restacked imtwortieasice of the curing
processing, the solvent .in the coating solution is sufficiently vaporized.
This can prevent Imthethivdprogessingupidigrenpdod nfarrrxamplengs shovssin KRGt 3, 5
contam nate the gelectro eam t ybes_ 66 and on. Besides, the te rature
of the pte-R&R0ling BAH 40 1o copling; therwatem iV, i sians rtwé‘rla?% rapkierRag

T LI <"an B?;H‘a?eﬁ oty 'Qﬁq GRS Hon Wé@%ﬁaﬁ?ﬁ SRLBEG 7
?Egr EESZSi aikE iﬁﬁh‘ﬁaﬁﬁé%t& Fakay 4t 16p 2 rbltiebioft, fifby, BBgrbure
heati g uni hEASTE A AP IRRCAUIE he witth W2 B8 hiph, Eltfpcalirc” HRA' Ao ke,
pr - heal | NG, fRYoP @xRRIIE! STREAY irl Fbe! s iGim'EBothhdRlcidlepi Lh the coating

sol ution only one ti at a predetermned tenperature. The predeterm ned
tenperajgre in thim tey fiirth prédSesdnss ual! groupt GUOYEF exdinpld, Rech6lag ait 46,

|

tenperature in the heating processing. 'I%re reduced oxygen atnosphere in the
curing procaseinmsferaonit 45 fostransferdag the wafer! W togfrosh ithenigkesfidecseetioni 4,

t he above enbodi ment, but it may be realized by reducing the pressure in

t he processardgw temperat@eoheatieg cmit 49, higic enperaturd hesting umitshd8 ands49,

t he suction pu 69 sucks the atnosphere 20 in the casing 55a through the
exhaust pi pendggedlkﬂ,m‘b, for example, Backgd in fivectiney from dhe \bajtornHa etlerng
55a is ensured. This reduces the pressure in the curing processing unit 55
to maintainlt ﬁmw@h@wtﬁ}b%pm-ﬁﬁa%grt@fpr@pamg Processimgdiperferagd: aat

a vacuum prelimnary.chanber (load |ock canber) is separately installed, at
the stab pPUREUARES dRCNE,IOW JemRRralie Hicaimg usst 42nd 2o% Al pReLBg bigh,

t he vacuum prelim.nary chanber, } t tn,be higher than the pressure in the
curing proc Pﬁ@tﬁﬁﬁ ]E{eggl%}}&ltl%ae&tq{a@‘t he at nospheric

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 ina @ -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,



24 pressure, whereby the period of time for reducing the pressure in the
curing processing unit 55 can be reduced. Alternatively, the reduced oxygen
-at nosphere may be realized by reducing the pressure while the inside of the
casing 55a is being replaced with 5 gas other than oxygen. Besides, the
period of tinme between the pre-heating anggthe el ectron beamirradiation
may be controlled to be nore constant in the abovedescri bed enbodinent. In
such a case, for exanple, as shown in FIG 5, the high tenperature heating
unit 48 is provided with a sensor 80 which detects a 10 fact that the wafer
Wis carri eﬁh@mou'ﬁtiﬁ%?di‘tl@hstiﬁﬂaﬁﬂaﬁw&rh@@éd Rgowrtifg 4Berebie tiike tveaferO W
signal of the sensor is designed to be outputted to a controller 81

whi ch cont r eidch rare cenriedrbetweehStheFintetface sebtionohtand thee cBfingsproocessitgd
with a timer function which counts a previously set predeternined tine.
When t he deunift $hnasd gnehrtier armpfon earryingnth¢ovafensW beoween tthe mdunting
controller 81, the_tiner functlon starts counting during which the wafer W
is carried p@rmcms #6 aind; 5@3@6 ¢ GHIIME, pm@&smgeumt Aer function bej ng turned
of f after a Iapsebg% e set tine, the carrier.arm58 holds the, wafer, ¥¥on
the mouming port stuets of the aforeraention C&rmgemwsm {unit 55

tTE'eszﬁf.eEfaéﬂﬁt PEr %ﬁ@ﬂéﬂ”@i@éﬁ?ﬁmaﬁscﬁrﬁﬁ' e;ﬁﬁ*ﬁ@ :% 23&2@2% ek’
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and carried therefromby t n carrier 13 to, for exa t he hi gh
t enper ajpr eaﬁﬁ@épﬁ&eﬁb’a@ﬁ% mdiﬁtsﬁﬁeaciﬁ the @il deegmgn@nﬂ@rsgcesm Munﬁlﬂ S

heati ng processing is perforned at a terrperature hi ghér than the heati ng

t enper at ur etdble t6® otuwhighpthecesafend isomaommed!is, plated@GACthel imigldben ] the
recovery fromdanmage at a | ower layer of the interlayer insulating filmdue
to 5 the el easingrb3manthe snoumting talslei 60 takesythe shapalodta tigck idiso shapegamd i n
insulation performance to forma better interlayer insulating film Another
preferred eatmateriahhaying kscellentetherinal eondvetivity) fareexample, sdicarecatbide) G
6 is a plan VI ew show B@i? an outl i ne_of a wafer, processing apparatus 101
accor di ng t 8lurAimigm tthepike whiels 1cetagric is oised e 167 materiglat er

proce55| ng apparatus 101, and F Is a year ew of the fer processing
et at b 101" A ThRoROUNIITE dable Gihcauintns Br BeGUaBn AT Tk CEINI0E e o
temperature of the mounting table 60, for example, a heater 61. The heating

value of the heater 61 is controlled by a controller not shown, whereby the
temperature of the mounting table 60 can be maintained at a predetermined
temperature.

20 A drive mechanism 63 including a rotation means for allowing the
mounting table 60 to be rotatable, for example, a motor or the like is placed
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



structure in which a cassette station 102 for carrying, for exanple, 25

waf ers Wper cassette, as a unit, fromto the outside into/out of the wafer
~processi ng 15 apparatus 101 and carrying the wafer Winto/out of a cassette
C, a first processing station 103 as a first processing section including
various kinds of processing units each for7 perform ng predeterm ned
processing in a single wafer processing systemin a wafer processing
process, a second processing station 104 as a second processing section
including a single wafer curing 20 processing unit 165 which will be

descri bed | éﬁ@'low%&*ﬂl(%an@%hﬁﬁisrﬁ Retier all®ws the _&ﬁ@dnﬁﬁ%}&@l@]é 6o fbe sértically
processing station 103 and the second processing station 104, for carrying

the wafer Wmywvablet agraildixtmnad*lmﬂmehbrmeuns,foaneﬂammgxraljnsmmsbrﬁgthmit
106 for exposing the wafer Wis placed on the rear side of the carrier
chanber 105dis2an¢ewtitherespeseta thesumdérmmeritinedelectroal beam dhbesnbbet t es C can
be nmounted at predeterm ned positions on a cassette npunting table 107,
which is a 26 nibbatimognsiog table 6Ghis prowidednwith 2 plurality of, for example,

top-to-bottomdirection in FIG 6) er. carrie h is novable in

e et eerina e B eane ghis 4R prudale b ol
2ot ontatfe R mad Rl Byl € shBoRARET) i oo
;ﬁspﬁic;i vs*?%%’?t% .%Sll%ge%agiepméai&%? P(§§i %‘ilréﬁggﬁr wsfef?hé:spgndlﬁg
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group G3 on ] ljenti oned first processing station 103 side. In the
first pr oceg{s@ﬁgﬁ% g&ﬁigg@ﬁo& a main carrier 113 is provided at the center

thereofjgand varigyg &mﬂ% e}ﬁfoc%ﬁﬁgsﬁﬁi@%f}lQh&ﬁld%%eaﬁtiﬁﬁhﬁdiidlﬂ devidd Bsefor
tiers around the nmain Garner 113 t0 constitute processing unit groups. In

the waf er piesdiasingothepwarlé@t W ohOthe frouintingotdis iGOgwithi Elegtronpbedshs, GTheG3,
and 15 4 are placed, the first and second processing unit groups GL and &

are placed amadiaciohrdeniceiteinniudésephabkeleptonesesimdubepbbatach fb@hppiyimg
third processing unit group G3 is placed adjacent to the cassette station
102, and t henfedectron eaveandran irradiatioogontrolier 7 fordonupHirg ouiputt ofethe
Gar ner chanber 105. Further, a fifth processing unit group G5 shown by a
broken | i neelestrase beamsicand oiseadigtin atizae.on hee eleetron; heams tahes 56 oare
The main carrier 113 can.carry the wafer Wi nt /ogt of under nent oned

é Reatng 1a0e

vari ouslPr oé@@?gﬁ 1GrPQS§;t19H|$ éazlalgeﬂm ot ¥ r?g%é’éé‘ﬂmié Y qceg%grws
Gl, &, G3, |

processi ng Gﬁ?qu%éaptéoz&ﬁg'd&h?g?lgﬁﬁfgae gﬁhsﬁlﬁgﬂnghgﬁP@%@ 't%’f %ﬁggﬁﬁ%gﬁyerand
processi ng g@(@&%&fgﬂ? ﬁ’(‘%}é%o% tﬂgq’vgfr%rt\b.e A e cBon B FFOM%eAtH Of the

groups can
electron beams tubes 66 widens as it approaches the wafer W, and the entire

face of the wafer W is can be irradiated with the electron beams by irradiation
20 from all of the electron beam tubes 66.

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



In the first processing unit group Gl, as shown in FIG 7, a coating 27
unit 115 for coating the wafer Wwith a coating solution which becones an
‘insulating filmand a chem cals storeroom 116 whi ch houses a buffer tank
for chemcals and so on are stacked in two tiers fromthe bottomin order.
In the second processing unit group &2, ajgesist coating unit 117 for
coating the 5 wafer Wwith a resist solution and a devel oping unit 118 for
subj ecting the wafer Wto devel oping treatnment are stacked in two tiers
fromthe bottomin order. In the third processing unit group G3, for
exanpl e, astishewsingnSbhGnd substihited innthie chsihgaddal Athichr creatds agrédiced
wafer W a transfer unit 132 for 1 o transferring the wafer Wfromto the
cassette stakygen hfihospkhert hr odgeh caningdpesessingnistperf@mied. eMaereaivey, thiee
adhesi on between the resist solution and the wafer W and a post-baking
unit 134 f osupplyfpipes t@ahand HBY are previladgwitht ealvde w8copich§8d fonregulatimge
stacked, for example, in five tires fromthe bottomin order. I5 In the

e b b °
105 t her®t hpgﬁ@wn@%@étﬁon éﬁﬁﬁggéii%) fasing %_cgnﬂaee&gq{gteéhe e w
eat i ng. pr ot 1R 38wk SHUFLE GRS 6RRE a8 PRAE Pk G a0b,
e o RO, Bt 6, A o 80P AR ko
charer ' 105PT AR TG ualtcyd s AR RIed, KWL Ietd e o dftide HEHRE Fine
chanber 105554s shown in FIG 6, a carrier mechanism25 150 for carrying

the wafer Whetween the first processing station 103 and the second

processimg stati oThéQkHausppdyesd?Oa iandi 76b e peavided withavdlees Y. and Z@dThe
carrier nmechanism 150 is structured to be novable in the X-direction (the

t op-t 0- bot t foe rhigudatingexhaust quarfijtyaredpeotively. Z-The afdreatertidiedvealivies H8c
direction) and rotatable in a B -direction (a direction of rotation around
a Zaxi s) soand G8d badd)eand e arxxstrmsturedtinesuchaaghennemnthat thein opénihgd
inthe 5 fourth processing unit group 4, the undernentioned curing
processi ng andtclosBg rcanhdeseperadedrby ot slonfralt pattofs. 10y thadcasingeRpasar e
processi ng anit 106. In the ﬁfgrri er chanber 105, a pressure reducing
mechani sm 19¢tection, sgasphgk: Herpdeteaing | the; tharometde @resiee apd tQxygen

(i T L S
105 i 3 i i

charber 1% Mo RG] SRR, SR L A" RORBAE

pressure, MBBG A by BeRASRLE LG i AR BABANISHE LSHEES b8

predet erm ”tﬁﬁe EohatroY Part ﬂ‘%ﬁi%gzgtbgggé%vé’g GISE?aﬁcPrGS'deém?g?ﬂPVﬁ 768%A¢ 70d

provi ded w a carrier ope for carrying the wa romto the

transfer unphsddbnt RS thH.OUABcoﬁliﬁ%y ithe ﬁ.ﬁgﬂg &ﬁﬁ?fof theéfihe] g§a§ b be
wafer Winto/out of the undernenti oned curi rocessing unit 16
t her et hzmugbu%plﬁl@tl danrathd easing e andaheSextHaust epuanyity dothe exbhgstedlVto the

i nto/out of the exposure processing unit 106 therethrough at positions

faci ng t he ouatgide ofvthepcasirg SSagcam besreglibated e ylwreby ¢h&baremetrienpregsurks5,
156, and 157 are provided wth shutters 158, 159, and 160 for openi ng and
cl osi ng t heandspecygene cemedmdratipenimgshd 55asinglsidar eapeche vebnirolledr ety
the herneticity of the carrier chanber 105 can be 25 ensured. The secaond
processi ng Bredetermingd values.ar Morepvare whenethe hwabesy 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



29 105, includes a casing 104a which covers all of the second processing
station 104 to enable the second processing station 104 to be hernetically
‘encl osed. The casing 104a is provided with an exhaust pipe 161 for reducing
the pressure in the second processing station 104, and the exhaust pipe 161
| eads 5 to a suction punp 162 which is frge to suck at a predeterm ned
pressure. Hence, all the pressure in the second processing station 104 can
be reduced to the predeterm ned pressure. In the second processing station
104, the curing processing unit 165 for curing the insulating filmon the
waf er Wby iligraby ahain@ainthevmtdeerifined atrhdsphesd intheheaimg §58. by one is
provided. The curing processing unit 165 will be explained in detail below.
The curing procesthegantiet opéhinga®1 $op ing-tiie wafer W linfag therothtoupdsisng
165a which covers all of the unit to enable a processing chanber S to be
encl osed, wplacedyom the edmier mimé® sidevafpther easing a. melhisadareidr iapenirg 73
curing proceSS|ng unit 165. A nnuntlng table 170 on which the wafer Wis
nmounted is M Rt‘é‘d ded with aishatter oF2 twhswhnlmk@&sthngcamsa opEméngon opeaablgbl e
170 takes the. s of hIC di s and a_materi havj ng _excel | ent

ther mal Tonabdialora léx%lEQ)Wé this; atmposphere bingth e SARBEHIRAA poeut off

thellkevxlnchl use S its nmateri OThe un table

170 cont ain es;sé%ﬁﬁaf obT5te TS il Bl e fermined Apmosphfes B thene
mount i ng tafb1jge1 17 _ The heating value of the heater 171 is control I ed by a
controller , Whereby the tenperature of the nounting table 170 can

be controlled at N :g%rg% }85@%@&{{1'{(: wfﬁéfm,v%umf géﬁgkﬁ]_léa

i ncl udi ng, for exanp Aot Of rot atin

200 Srdln BV T i i b TPl .

the nounting ta Iation 30 w tron beans
from unger ment | OnFﬁst%'@WTaT@LnW@aﬂfeﬂ aﬁeéf ﬁ?@cassett@egt@mn an @ﬁ@*w'aﬁ:f b&ﬁiea{ e
the entire surface of the wafer Won the nounting table

el ectron bedns.carrieddenthal fransfehaindt 422and daerhwdethetéfeonpbytthegnaﬁbb@nﬁﬂ
and the undernentioned el ectron beam tubes 176 nmay be 5 controll abl e by
provi di ng alBainso tige @ndlingvenit dd wivith moswrolswiemipeeatané.es Thiea, mhmrwafﬂgW
table 170 to be vertically novable, in the drive mechanisml 73.

nount i ng t aif eamriesl by tbcomauwammlaamsthegcaafamg ot iLAg 16, ror ll&ANh@ﬂecIlhear e
pr ot rudabl e above the nmounting table 170 and rai.se and, |l ower, the wafer W
whi | e suppomaley Wiis conted ta predeterminesk copidng sedutipr evlichobegnmes anon

| rrad) alt onieaAyer inilaGhg; flids EXGTINIE, AaseAting SRTHHGD Udeasl.n%gg MSQ

ol actyon ﬁ{eiﬂe[?é'%ﬁleg?gswﬁﬁl& b BetrBien, 16 e fudle, b Soliifite e ater at a
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Hence, the ron beans can o the 1 nsulating % mon

surface of BARrMR ofthier WaTGAVBY C'Eﬁ@nﬁ{ tfbﬁfé.beamfrom each of the
el ectron beamtubes 176 wdens as it approaches the 20 wafer W and the

entire gyrface of Thea, \thé ewaldri Widoaaed avitl e kohtingesslatioanisoearfied)y for
irradiation fromall of the el ectron beam tubes 176. I n the upper surface
of the uni texamﬁbq i6%he bowptempematsrel hidatingduhit8¥2{ owherepthy | wafega®W oisher
t han oxygen such as an inert gas, heliumgas, or nitrogen gas froma supply
source not swbjestachtto hwmg;rpmgepsmgesf@rn@cample 28t ﬂ&) @r doprtwo daihutTse
supply pipe_178a is pI’OVI ded on the side of an_ undernentioned Garner

openi ng 181 Thgrepftere the ppaterpWods rashed sopths, highy 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,



31 the opposite side of the undernentioned carrier opening 181. Moreover,
the supply pipes 178a and 178b are provided with valves 178c and 178d for
‘regul ating the supply quantity of the inert gas, respectively, whereby the
supply quantity of the inert gas or the like to be supplied into the unit
casing 5 165a can be regulated. On the otdger hand, in a | ower surface of
the unit casing 165a, exhaust pipes 179a and 179b for exhausting the

at nosphere in the curing processing unit 165 are provided, and a suction
device 180 for sucking the atnosphere in the curing processing unit 165 at

a predet er namédndneatayes insuleongefilrads forrhded otxtheuwafariWes 179a and 179b.
By the 10 aforenentioned structure, the inert gas or the |ike can be

substituted in thNenxtytheomaferdWlsearrieddby tee painvardet hBrtoi thedsansfer unit
reduced to the predeterm ned pressure, which creates a reduced oxygen

at nosphere 46. tﬁﬁlamithecwafexg%\idswarm:iebyethp waferegarien SQiipethel iotertace
179b are provided with valves 179c and 179d for regul ati ng exhaust |
quantity, rsegtien idvéoytheTmoursing qastiont dnby the| sesond7 peocassing statiemd.

ol 0si ng TanSBsspsbdhbates 0N, FoReldaby Be QHTERarh S BALFHEIEAbBH the
concent rat | WG RIRESTHINE ‘Wit oRgeaRSTEY, Witk utang S checiilistar . of the
that the aaru naioPRaEuaRES o Loi'on Sensor K i tranem tted Lo the -
1780 andthe val vaerTsBReRGE I, the Mffing GRECEHRR LAR 53, 6ARch "Derfdihs
an0 the oxnosine RrocSRbEroh METtE ors RIS (TR, LTy LT PeEBes

casi ng fpSadestitl. r eBisatigsfordiRe eRuférhw Har @ireietl! ﬁlt@rlﬁésehﬁﬁn%f]?i'dééyﬁﬁ
concentration in the unit casing 165a can be controlled at predeterm ne

32 val ues. uhitesS ethe hérting kalvebéthd\heat@reb! iiedontiolléd bl forgéxdmple, the
undermenti oned carrier opening 181, the supply quantity fromthe supply

pi pe 178a ocontrelleamot eshooyrenimhgrdldy the demparature i oft then spalintivhg tableak@sisi t

possible to conpensate for the inert gas which has | eaked fromthe carrier

5 openi ng 1Bmintainedefobyenamplei ratt BgOpCedmmlm ifechighepstitear ¢hien heatingni t
casing 165a. The carrier opening 181 for carrying thﬁ waf er Wi n/ out

t her et hr ougtempengterecef the afosementionsd high dempgratuse hgaing k4850 si de of

162 whi b makes 15hEhe Haen N GHTIRG 18D ShEreINE adh dnesugh dhereier
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process of hpe WRLE rpoWioﬁ\mtcttflei ﬁloﬁ?ﬁifn%r {5fe (60 4AF transferred to the raising and

lowering pins 64 which rise and stand by in advance. Thereafter, the carrier

arm 58 withdraws from within the casing 55a, and the shutter 72 is closed.

20 Subsequently, the wafer W is lowered with the lowering of the raising and

lowering 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



waf er processing apparatus 101 structured as above, w Il be explained. FIG
15 10 is an explanatory view of vertical sections of the wafers Weach
showing a state in which a filmis formed on the wafer Win each processing
step. First, before processing is started, the suction punp 162 for
reduci ng the pressure in the second procexsing station 104 is started, and
thereby all the pressure in the second processing station 104 is reduced to
a predeterm ned 20 pressure, for exanple, 1 Pa to 133 Pa which is higher
than the pressure in the curing processing unit 165 at the tine of

under ment i ottRdcontirohparntrGagsgang. bdsedtdie thi®detectdd datic teonalvesb8oand 68dhe
carrier chanber 105 1s also started, and thereby the pressure in the
carrier chaahérval®ssio addc@dds o As ar eckatler an redthqsphese rweithf arlosw axylgen
133 Pa to 1333 Pa which is |lower than 25 the atnospheric pressure and

hi gher t hancomeergrasicnr for example eanrekygasc eencenjration i afh 31ppm or dJewenreis
wafers W(FIG, 10 (a)),. for exanple, on the surface of each of which a
Lowk fil m maintaned 4 the qasing deas i Ihyphouldsbe goted thay thesxalvien68¢gnay be
cassette Cin, the cassette station 102, and en the, wafer processing is
rarted s nadinshel §OWgrSe SRS BYADHY Db (i deliAEes T e IRRIYt he

ﬁgﬁ i ef’hﬁéﬁfr{;sﬂf?éW&%ﬁwﬁﬁ&i%ﬁﬁrﬁ@%ﬁﬂﬁﬁ&%ﬂf ature cont ol is perormed.
carr i | RN i's perforned,
anlgnc_o;t o' th o ek 3B R sa e o IACTAIRE W Op e, BSIAE (A0S BB s
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rotating thegyvgf gstalPlata waﬂ%gfeém BedheP8ade andchR¥nY 6% t ThepOatd %s

solution to the center portion the wafer Wwhich is being rotated. The

suppl i efly cogtidowa iBOFIG! ANthes irmeflager dvRilating fHin ionetheusidace of théavaferav W
by centrifugal force, and thereby a solution filmis formed on the wafer W

15 The waf efs Madiateekiwitht in electrompbean ol pteduteimnirtcdeoutpaty forcexampleg 10
heati ng processing unit 138 and subjected to heating processing for

vapori zi ng keVpffsomteach ofithe eledtran behmt tubes 66 fohiasprédeterminedipérod Wi s
heated, for exanple, at 200C for two mnutes. Hence, the solvent in the,
coati ng sol tim&niarsexampledtwo mapaiesz atllence, agnergieof ther ¢legtron; heamst isng
film20 D having predeterm ned thickness is_fornmed on the wafer (FIL G
10 (b)). ThewpRlied  tot thewdnterlayer s insilating tﬁfmhém rifgycer macTomalecylat he

ZEL:}D%{ ot BP x:;mp&%gs{f ?‘éﬁﬁ’iﬁéﬁﬁgﬁ%ﬁ?&%%ﬁﬁa%ﬁﬁvrv’ﬁgcrlaiggn%fta%[‘ﬁ@eri&%‘qeﬁ;
105 . . . . _ . .
‘iﬁS. 25 suplsill o TAHLC At Hisrenkes F 1REayRY, SRSuRBng. TS g R
182.0f: i i i | At W
o carri od FrgeRALE: Hd SuRIENIctibh b, BRATRor Wi BRNE e
133 Pa. are set according to film thickness, processing atmosphere, and the like.

When the irradiation with electron beams for two minutes is

20 completed, the rotation of the mounting table 60 is stopped, and the mounting

table 60 is raised again by the raising and lowering pins 64. At that time, the

supply and exhaust of the helium gas is stopped. Then, the shutter 72 is

opened, the carrier 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



Now, the operation of the curing processing unit 165 will be expl ai ned.
First, before the wafer Wis carried into the curing processing unit 165,
“the heating value of the heater 171 is controlled by the controller not
shown, 5 whereby the tenperature of the nounting table 170 is controll ed,
for exanple, at 250C which is higher thamhe heating tenperature of the
af orenenti oned heating processing unit 138. Then, when being carned 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 theigd)uoriexanplel dyliie wafdr dattige50dand théeain sarierabd to the
| owering pins 174 which rise and stand by in advance. Subsequently, the
carrier necbassesh stationi 2 tdrbevrefurned vtot thiencassettenCt, andsa rsgrie8Saf wafdr tWe
shutter 182 is closed. The wafer Wis then |lowered with the |owering of the
rai si ng andpragessinggispgtomapleted. and nounted on the 15 nounting table 170.
Hence the tenperature of wafer Wis raised by the unting table 170. At
this time, heliuniyths aboye-desembed eﬂﬁ’@ﬁmﬂnteﬁmpﬁ{{getcﬁémgnpltocéé%linﬁg(’fl@sa

A ey S S
unit casinggl65a i.s o tog,ed. by the detection,sensor K 20 and.bgsed.on
bt o nod doriL: o e, Foitet B Siskeldiol Dty SAunhikitenciaysthe BEriodsH g
Subst L1t Zgﬁqi&if%de ?%rnﬂ{kegéﬁﬁé ProgBifihg s rERRRRANE tddlreel s ASpARLES h
oot . : !
ronge of 1[5 B bfigf aBt.\ BeSidR, EfeckicieBYis, WificlPRRdRxEellenPiepEREFatSh, "
processing fahl te Adde St thé Shtriayet imuTRIR Filen Wo! FeadiZeOWniFOYSE Rurin

concentration, for exanple, an oxygeén concentration of 1 ppmto 10 ppm Or

35 | owero | sprsedkigover heldifiné ntertaydriasdfibing fifian the tenperature of the
wafer Won the nounting table 170 is 'stabilized at 250C after a | apse of a
predet ermi ned per Fartthef, sinoe, thehwafexf & phbicessing ataard bet performed eed sigglehe
drive nmechanism 173. Thereafter, as 5 shown in FIG 9, the interl ayer

i nsul ati ng wiafer pracessing systeny g¢hef waltingutiies of\the wateadWaasdeeon tin aahatch

el ectron beam at a predeterm ned output, for exanple, ,10 keV from each of
the el ect r oprogessingisysienyis ¢laminatedeths total peecassingotimsy of arseriespf wafer
exanpl e, approxi mately t m nutes. Hence, energy of the el ectron beans is
suppl i ed t OPFPRESSHIZH ednas, campazed ; tonthg plagr@ahceﬂnegﬂﬁaﬂlbm FUERE

P oy e SRS SR e o o B o™
el _ _ R :

iaB;k‘;'r opr i Zﬁgﬂé@ﬁsﬁ%&ﬁ@%iﬂ%ﬁiﬁ#»%Lfaééts%irﬁﬁaﬁggé%%aﬁﬁ&é &%sﬁﬁm%rin%‘lﬁ e
ppropr L ! ro . !

minaies i s BOiBTEs o € NAHCET W AINCRF Aol AEWRCE FEP170 15 stopped.
and the mounting kabherhéPe, the géagﬁfﬂvv%! l'i‘eé%&dtﬁsﬁtﬁé‘ixﬁéﬁ‘&hz%%b%oiiﬂgtHéi ns

174. At this time, the supply o e heliumgas “and the pressure reduction
in the unitcgangsroteSAna ¢t ﬁlﬁa%@&@a){]éfhi@ﬂ@uléthﬁg siliy, iser thaBthéigndlpanagy dahe
carrier 20 mechani sm 150 goes into the unit casing 165a again, the wafer W
i s deligy@redlsioo behsupplicd eto e wafearmW6th agodleraes thé ecuring {kgopessiaﬁsfmg
of the interlayer insulating filmD is conpleted. The wafer whi ch has
under gone t perfounmiange mfdhe cairing peoceasinigeinh a shotter timsfer unit 137 by the
Garner mechani sm 150. Subsequently, it is 25 carried into the adhesion unit
133 included in t Mongoved piocthesi eufingi Proeessngss ynuceha negducedr roxsrgent 3.

In this adhesion unit, 133, an adhesi on, pronoter . .
atmosphere is maintained wi helu?m 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.



36 such as HVDS for enhanci ng adhesion to the resist solution is applied
onto the wafer W Then, the wafer Wis 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 f23mRis forned (FIG 10 (d)). The
wafer Wcoated with the resist solution is carried to the pre-baking unit
140 and the cooling unit 136 in sequence, and undergoes predeterm ned
thermal processing in each unit. Thereafter, the wafer Wis carried to the
transfer unit 137Sirde thebpedheating is pedovmedrinthedosatdiagetatie héatirgauhiter
chanber 105 by the Garner mechanigs/m ?150, and carned tom?ﬁe exposureﬁng
processi ng dBiandithe kigh temspetaturerhedtingouniti4® befidre pexfermarde of ting euring t o
exposure processing in a predeterm ned pattern there, and the wafer Wwhich
has under gopeoaassingy she solvemt an dbeicogting sodationds suffaciently vaporizegdnst Fhis
unit 137 15 by the carrjer nmechaniism 150. The wafer Wreturned to the
transfer unfaiipreventcihe; selveat  BoOm o ¥YapeRgHgr i bidle (IS t PIONSSSNE tte

cooling unit 135 .Jn sequence by, the in rner 113, and after subjected to
CQIGIRAIS HE lecompSAmARPEr 66 A1 50T cVBRbieng s ATAGBITE,
\tNg]?(ra?a{N%;?r%glg to het.devel ing rnit ﬁ'%?gl IS ﬁuggl ie:éd \%\?f ga 20 devel.opi (ra]g
S(ﬁ| ution ?nB_ Y BfSpEdpg can r‘?é _E%‘?’?ﬁ B'ber Cloaks S ?Iin?gra FFe?%B@‘? CBIréltng of
e resi ) . 3
ahi ch has. uREeSESSHr b BEpdR, ibisel afif ettBb i o the fker, W2, BHiS gl |
134 and thepfaplngrdeRl! dLAGiOMRRAENER BicrB oM irBufFHMP I bndldy aRd

subj ect ed tB predeterm ne ermal processing.

I's returnedwhich stcadSFREA @& té%'rg)érﬁﬁlrbr@ﬂ‘_ﬁfee&vdf@i‘ W1?52¥é§irﬂld%’r‘ﬁlé‘i@5§éd. It

carrier 108, and a series of wafer processing in the wa ocessi ng
apparatup  skgultOBe ibted ﬂﬁhﬂlﬁdﬂrd-heaﬂﬂﬁg dhahenpreseonemhbaiioenitdsepatately

curing processing unit 165 which performs curing processing of the
interlayer pesformednat fwo mtdgesi inr 4 kow aemperhturt drdating beardt2 andpthevhighd
in the wafer processing apparatus 5 101, whereby the curing processing can
be per f or netemperatsreoheatprg oit 48, butnthe precheatingimayi be pentorniedoby theatinigol e
waf er processing is achieved. Mreover, since a single wafer processing
systemis atisht waferunW keoatedorwisht itbaalcostingh spledensiondy spaeeHmenat  a

waiting tinme oI t he, vv%];er W bef ore ﬁﬁd afaer thegj;uri n rocessjng is .
el i m nat ed],c P i eppne hE‘dﬁE@ﬁagﬁf- n TR Predglgrayaes temp, e ipt E?g%Y‘?nttWe
' i i it .165
Feduced.s whAEHTE AR IOwER dhalghe e ioedtristoRug e Beatiog mdffsifeand
| he | | . . . of f . = . q
W th stronger of olpolrdBCEORREE uhgsphert 1y SAP FuY pRigesthe it 33' '
reduced, | eqdlingdt By SupBRHAL 't ga¥'thBRB iR tRE $bRYe!diifBodiment, but it may

be realized by reducing the pressure in the processing chamber S of the curing

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



Further, the heating processing unit 138 for subjecting the wafer Wto
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 becones the interlayer
insulating 20 film D can be suitably vapor4 zed in the first processing
station 103. This elimnates the need for vaporizing the solvent when the
curing processing is perforned, which prevents the el ectron beamtubes 176
and the |like from being contam nated by the solvent. The resist coating

unit 117 anﬁrésbﬁréiewhéﬁﬁynﬁldlﬁbﬁom@f TS ﬁéﬂYédi@@in'grth%?ﬂeBEulfd b the curing
i

processing station 103, and the exposure processing un 106 i s provide

adj acent t optduessaigeunitridcemsbagedpgeat.at us 101, whereby a 38

phot ol i t hography process in which the wafer Wis coated with the resist

sol ution, exposedAliernadvelyedbeeraduced paygennatmosphardj mayebet realized byi ng
treatment can be performed continuously in the same wafer processin .
appar at us 1terucasg she peessure whilg the msideof the Bgsipgotisis beingireptaced with
conventionally perforned in a separate apparatus is inlined, which results
in a reoﬁJctg%Oﬁ’rPréR?-Btod‘lygﬁﬂocessi ng time required for a series of

Cecona. processi ngBebideRo e DRod0h e st uaenyiDe e vaing ndoiis:sRgtron
oxygen 10 bwbEpiieRlor HoRoBs SPnufn’ 1S s nodERTHnt 1B 1BF A5 om
Sol ution t cORIETEFERbadien 1 Shol BPRoc TBR ckdRERR, 4 Sowh UGS 420,
them 1's pr oyan P PR AR Hrfted FEpKvBed N SR F0, MRk IS

stat i onyd04fict that WEiSvferaN ishedrriddeont BFIHE hih teiteranire HeathmThart 495
and higher than the pressure in the curing procéssing unit 165 at” the tine

of curing pTheedeicution\égredly of thepsessor S(r dsludésigned noy des eutputed dey aof
the Garner chanmber 105, the second processing station 104, and the curing
processi ng comntrolléb 81awHidleoontrolsethie carrierrartu68d Fhatlser; ¢he contrellen&1ngg
processing unit 165 becones 20 easy to nmintain, resulting in a reduction

i n pressur epraxidedi witht a timenfurctien which gowns s previoukly setr prastetemminedw
can be reduced gradually fromthe atnospheric pressure, whereby a burden

i nposed on tiAe. waWrenythgedetscpassignal dsapgtoudtad Beom; the sgasor B9 aothe in

sl eSO A1 ot i Sy Db B i B Wi
processing gztir%}eicf) {b %4m%%?1 irrligb[()agn{or}l 5’9.6 Ell.%)(\)/r(la theenB?ﬁjér%rﬁtctioln%eing E%urned off
after a lapse of the set time, the catrier arm 58 holds the wafer W on the
mounting portion and carries it into the curing processing unit 55. This
keeps the period of time between the completion of the pre-heating and the
20 irradiation with the electron beams more constant, thus keeping the thermal

history of the wafer W constant.

Although the wafer W which has undergone the curing processing is
returned, as it is, to the cassette station 2 in the above-described embodiment,
the wafer W may be subjected to post-heating. In this case, for example, the

25 wafer W, which has undergone the curing processing, is once returned to the

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



this case, a carrier opening 191 for carrying the wafer Wtherethrough and
a shutter 192 which opens and cl oses the carrier opening 191 are placed at
*a position facing the etching unit 190 of the casing 105a. By such a
structure, an etching processing process of selectively renoving the
interlayer insulating 5 filmD in accordagsce wth a resist pattern can be
inlined, leading to a reduction in the total processing tine of wafer
processi ng. Modreover, the etching processing is performed in an extrenely
hi ghly reduced pressure atnosphere, and as descri bed above, for exanple,
the pressurghecRighbenistuane Ma@i@hgﬁbﬂo)éesﬁng rgleforoinddig ofify hb@ﬂirég pROBESSIAES
and the second processing 10 station 104, "whereby préssure reduction tine
can be redu€hik heating peobessiignis E‘@ﬁeﬁﬁedmttdl&mpéwtulw llighelr chan ehs lhreatinﬁ
change can be |ightened. Although the pressures in a carrying area of the
Gar ner nmechtemiperati@ #mthé curing praessing, doesesiample; aiti300°004 Thés enables
separately reduced, it is also suitable to provide a reduced pressure
chanber houtsiceyerpfromdamage ata lmwemslammog the fucdayer insudating dilpr duedsi ng
station 104 and _reduce_ the pressure therein., In such a case, for exanpl.e,
as show? i nther gleqtgon ;beamsngs@othat athey| iateplayrsudnsglating Jilm nENPEQYEserin

hani 150 dth d i tati 104 d. pl aci bot h of
them i 'tnsff? glg»gﬁt@e{‘twﬁpggiﬁemc:n e%%%%%sé Eg&ﬁg&t'@ﬁgys%nﬁgﬁu&? ;nges% ng
appar at us (0] er.e OFm a eqguce ressure cnanper . essure
Etici g mechant sIAOUET gSFEIRHL {AmbBRUnALEREr B prénals fysfon WAl B
P essures | FORRLEE Befoy® IACECE B . BIAAiEE sEwARE ol B of oOF water
ssures i HARE A . Sty b
oniy the'si Aa1cE singl appraRiea0q Secant: 19 i Eebibdibrtl FIG. PRSI frift BV

in the yedugRdy gﬁgg ; nt ; r
t han tﬁgﬁatnnspﬁgﬁ?gugggg uresgﬁgg%} hg?%§#gﬂ”Zﬁg%F?ﬂgQ$$§%E%§§zﬂ?ﬁ(#ﬁge

curing pf0Cﬁ@ﬂ%ﬁ?ﬁd@@hﬁn@@ﬁqﬁ&aﬁﬁ&ﬂ]1nE of curing processing and the etching
unit 190. Accordingly, the pressure difference between outside and inside
the curing procesAsnghownt id6BIGNMd,! hige ewvafemprocedsin® Oapparattud€d, haseaeby
the pressures in the curing processing unit 165 and 5 the etching unit 190
become easystroctusé fn avhicham daksestedstationel (2 fos carryinegiufori examples 26awabers
reduced. Myreover, the pressure on the wafer Wcarried to the etching unit
190 or the W ipericasseiie; st muny; deyufte the ontsideyintemud «f the wathrgerocessing

st epw se mherebaltg% burden i nposed on the er Wdue to pressyre change
can be 13 ghippatatus; d04qand; exmying the s warera WV pindediyti of a cassatiss (susj HE ng

Lot T BTl A o oD BESEHB EBRER
Ly Lhe SO CRES RN SKALISE plflrodl SkRERARE PO Rl
FIG 13 1 . ] i . i i i

e Lo be P BB R vhRet B PSR Rl pBReaigs e
curing procasfioRg108i 4s A6%cRnd pHASThe SOMBANInERIGAS 4 RiRIE SWafdBu

g ; ks
Wwhi ch has undergone curing processing in the curing processing unit 165
i's carrjed prodelsingeahitn® I WHick WilbYe descieBed qaterEand Al Gafribp Chaktber 105,

subj ected to heating 20 processing. At this time, the wafer Wis heated,
for exanpl eplagedabéteverar aheirfersiiprobedsingi ghont 106 andhéed isegohé npreyoeksing of
250C in the curing processing unit 165, for exanple, at 300C to 400C. The
waf er Wis stationcH)4,ifed caorytihg thewdfop Wirare igte@ralhy connteted. f dvicrzavet, an t o
a normal tenperature, for exanple, 23C. The wafer Wwhich has undergone
cool i ng 25 gxpesyeiprgcessingamitdP6i for exposing fhe veafer IVr issplaced van the rear
processing units in the first processing station 103 as descri bed above and
subj ect ed t Bidgrafdbearige ghamber 103.

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



41 phot ol i t hography processing. As stated above, by subjecting the wafer W
whi ch has undergone curing processing to thermal processing, the film
“quality of the interlayer insulating filmD on the wafer Wis inproved,

| eading to the formation of the nore proper interlayer insulating filmD. 5
Next, another enbodinment will be explaine FIG 15 shows anot her exanple
of the curing processing unit 165, and a grid electrode 211 is placed in a
unit casing 165a form ng a processing chanber Sin this exanple. The grid
el ectrode 211 is positioned between el ectron beam tubes 176 and a nounting
table 170. rfwumihgdpodion,datd Hae i bh, Xadipectitn ¢4 roped-botesh difecorPivBIGi S
supplied froma power source 212. A predeterm ned voltage is applied to the
mount i ng t ab).e A7WafeocamigroMds8 winoh e n2dvablerid therdiveotion bf asrangensege ofs
applied to a wafer Won the nounting table 170. According to the curin
processi ng the cassSteswbe X-duectionhemds inrthe direcipncof anrangementbef thes
pass through the grid electrode, the speed of 15 the electron beans is .
reduced, or Wahersn ussd an dber eansegsSi (y £divastions ugyvarticak girsstion) is
wher eby the ener.gy of el ectron be eachi ng the wafer Wcan be

cont r ol 1%d. PISGEFAItAGHS ,frqettlyirgoyaggaf@& 3 Pb;gu?@@ e} saras tnbe able to

insulating fi.lm.at. a predeternm.ned dept.h regardl ess of the thickness of the
i nsul ating PIERI%ELY & C&ﬁsﬁi% Fespe W?&rag%@?gﬁ?pée, the control conducted

e cured i's thin. ThRQVeles BREFEIOFhdscet ALYGBERtIRRGOR ST RE e s ity T,
be cured isyhi e GRRD 85t Tégrﬁp{afsﬁt &r@gﬂh‘r&@ tBrﬂge&ﬁé 8 Jt?ﬁ CL{Pl 1S
effective in'thé curing processing of a nul'tilayer Tnsu atlné AP By

appl ying a flﬁﬁé‘fe%euﬁgagf%o'iﬁ@ﬁﬂeﬂoiﬁ hg ﬂﬁfﬁ‘tﬂﬂ&eéflggeuﬁfto Oﬁggg@ 25n Ve’

W the incident spee the el ectron beams ‘can a be r
Accor di gl yunﬂé’ﬁ‘n@@ﬂ@ﬂe@ﬁwstcﬁro%é%iﬁgrsftmo@qﬂgssﬁéé. to control the energy of

42 the el ectron beans reaching the wafer W Fromthe above, the control of
both the grid el ehi ttefirt‘proeeskih@ stariovel 03 pamezin2ddirienddBes proviied sicthee
control. By the way, when the curing processing with electron beans is 5
performed, témtendhereofy ang ‘erimisakigwuds of protessied anitd/ avei stiacked dhamyttiplep
beyond an al | owabl e range can causebé)roduct defects. Therefore, it is

pref erabl e tiersgaromng: hepmagrearnen hi3 toiconstigite proesrsing undiggroups. aflnethet he
conpl etion of the curing processi n&\lwith el ectroon beans, so that the
potential oWafeleDEOrRSERE appatatus 14N i fourqaecessipg umégmM.l,t 2635 and
source of generating the plasna, the el ectron heans tubes 176 can,be.used
oot heyr SOTaRG plfeed cin' RR nd SR ePnd POCCHES nanit ATORRS (o) g L2 ire
preferably intrqduced into the unkt, casi 165a. Further. if direcgt .

P Fad ati onPBieefngt e bt s Ohenf Nahd plodissint sparyropnfO Ly Bs third
beanms is un I e he. i i al | n r.on: be
changed. o PEY@sSeCuplt B €% 8 bidbe S ckhe 1oy 485652 OGP 107, FRY

| i ke which : ' : i @ é?%g tflﬁ“"’er
source 221 ﬂn@%@%?ﬁ@%@?ﬁ?ﬁ mﬁ%ﬁ@giﬁgﬁﬁga&gg&éﬁo@]ﬂ{%& E‘c?%ﬁ‘n n

ordinal curipg. PIRGERS §Fifely E‘oéé%rsixi’g]ﬁﬁit%r@hgﬁs shasH BY A 8rdkenlin@ean be
been conventionally perfornmed in such a nner that after a coating

sol ut i ogp whadditirediyeplatedese thelear sidecas pAWMIoMY Thenmasn eapfiért]3 vani ng
processing is perfornmed by heating, thereafter another coating solution

whi ch beconearry thetwafezl Wointofoaitiofsundermentiored variepp precessangl unfterwhkichi ng
processing is again perfornmed by heating. As has been described, a wafer to
be cured hasrepkacedsndhese puo¢aessingauhisgrongs Gl nG2e @3, and&i4 h- Brehosdd ibeg

systemevery tinme and subjected to curing processing by long-tinme heating.
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



43 According to the invention in this application, in this viewpoint,
because of the curing processing with electron beans, the curing processing
“can be perfornmed in a period of time much shorter than that in the prior
art. In the curing processing with el ectron beans, however, the filmb5
thickness is not directly proportional tozthe curing processing tinme due to
the adjustnent of the energy of electron beans. Therefore, for exanple,
after a first coating solution is applied, pre-heating just for vaporizing
t he solvent, which can be called soft-baking, is perfornmed, directly
thereafter anitekts Q’@ﬁbb&ﬁn%cthétwafbﬂ W apith i2doating soheion Rehiehr béemes an
processing with electron 10 beans is perforned as it is, whereby nore

ef ficient pimsudstingdilnpandée ¢esrhivaledtdreroamr 1 Iy whieh hmouses aysuffentankaforng
film It should be noted that the wafer Wwhich has undergone devel opi ng
treat ment i shémicals anddsonon larelstavkedrindsentiers fronm e bbttom inotdenredni thet he
| i t hography process can, be enhanced. 15 Incidentally, although the unit for
forming t heseganst pagegssing wnat igigupi Gy a Fesisinreating wnibjlddt ferg conting the

interlayer insulating filmto curing processing, and the units for ,

per f or mithg msﬁ%ﬁ’{/tw r 4 FRYISH SO magdaaf%ibﬂl@a it S ?@fﬁublspaagsmeng
apparatus in the ove enbodi nent, only the unit. for f.orm.ng the.interl.ayer
el ating Pt W0 derelaming BratfRi Secking e gk Kb g ooy
of electron Rf%ms may be nounted in the wafer processing apparatus. Al so in
this case, 3 dBtuction in TAT can be achieved as conpared with conventi onal

arts in which curypg PRAEESAOG BAft'HOIBGS Nt ePhOSASH tgm
I'n the above enbodi ment, e pres rivention 1's applied 1o an 3

interlayer {hSEhatudifs flﬁb”ﬁn&’% t 6y Ebﬁﬁﬁg{g&ie”\ﬁl’a’i’éi W ﬁ%‘i‘m‘i’ﬁeé@it 992 for
waf er processing-for other Interlayer fli , for exanple, an (spin on

gl ass), 1@ uAfisferviml fhe Wdfer SANiffora/to! 8RN caydel ktdtion 192r ﬂféréﬂlrbhglg]e aand

so on. Furthernore, the enbodi ments expl ai ned above are applied to
processi ng aghégidnainit 183vfdresnhancimg ithe adhayien betswdent ihegrekist wolwion agd

process of sem conductor wafer device manufacturing processes, but the 5
present i nvtre wafer aN, hadad postbaking unit d 3gr forepaifogming hedtihgr pradessingt es
other than the semi conductor wafer, for exanple, an LCD substrate.

| ndustrial aftet Idelvieloping Ttreapmest are istacked, diori exampleyl ini fiveotingsnfram the
interlayer insulating film210 on a wafer or an LCD gl ass substrate in
nanufacturihgﬂpnbvbgﬂkﬂiof a sem conductor device or an LCD substrate in a
mul tilevel intercgnnection structure. . . .

15 fn'the %ounLEh processlilng unit group G4, for example, cooling units 135
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.



45 CLAIMS: 1. A substrate processing nethod, conprising the steps of:
formng an interlayer insulating filmon a substrate; and 5 irradi ating the
“interlayer insulating filmon the substrate with electron beans in a
processi ng chanber to cure the interlayer insulating film 2. The substrate
processing nethod as set forth in claim 128 wherein in said step of curing
the interlayer insulating film the substrate is heated to a predeterm ned
tenperature. 10 3. The substrate processing nmethod as set forth in claiml,
wherein said step of curing the interlayer insulating filmis perforned in
a reduced oTheaarcicrassvhanésmi 130 anstougtgesd cobeandvableoin theviErdiréetion (thie of
at |l east an atnospheric air. 4. The substrate processing nethod as set
forth in cl toprtd-bottoen edirettonain FI6p 6f dmd ninnghehZ-direetibny éhei veutieali ng
filmconprises a step of coating the substrate with a coating solution

whi ch becongirectien) andrrosstable iz al & +digedtionm(a direchionwet notation areamnidng Zt ep
and said step, of curing the interlayer insulating film, a pre-heating step
of heating 8KiS)$9nas taike ablede rgatniasess dosthethansfesdinihtld piydaded Ag the

met hod as set forth in,claim1, further conprising: a,posi-heating, step,of
heati ng S he QWIS (ATQERSSIAE AINIL ZFQUR % the vp Pﬂge@ﬁ@n%tcmrh%roq% ingainify
film

165 in the second processing station 104, and the exposure processing unit
106.
In the carrier chamber 105, a pressure reducing mechanism 151 for
reducing the pressure in the carrier chamber 105 to a predetermined pressure
10 is provided. The pressure reducing 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



6. The substrate processing nethod as set forth in claim1, further 25
conprising: the step of generating plasma in the processing 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

t he reduced oxygen atnosphere is created 29y repl acing at | east an

at nosphere around the substrate with a gas of nol ecul ar weight |Iower than 5
t hat of oxygen. 8. The substrate processing nmethod as set forth in claim 2,
wherein the reduced oxygen atnosphere is created by reducing a pressure in

the processi0§, ifvludey a cAsinpht04abdiichtwere adisef e seddibipascessingf statibni n
claim4, wherein 10 a period of tinme between conpletion of said pre-heating

step and iri@dlitetémablefthe Becond proe¢ssing statidre 184ett behebrrtically erclosed.| ed
to be constant. 10. The substrate processing nethod as set forth in claim
4, wherein ThedcaringhtOdang proyidedomithd amt exhaustpopipe ul@l |forereducang ahes
tenperature of the substrate in said step of curing the jnterlayer

i nsul ati ng Prassurelin the,seconsk progessingosta anbO%emcg&l%xa@astprﬁhldlnlqadéi m

Cemper atur eitof. P BRR: £54 whiche L fis B Sisk; Al Biedeierniheg pressure.
| nsul ating Hence, all the pressure in the second processing station 104 can be reduced to
the predetermined pressure.

In the second processing station 104, the curing processing unit 165
for curing the insulating film on the wafer W by irradiating the wafers W with

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



20 film 12. The substrate processing nethod as set forth in claimb§6,
wherein the plasma is generated by irradiation with the el ectron beans. 13.
*+The substrate processing nethod as set forth in claim®6, wherein the plasm
i s generated by supply of high-frequency power. 25 14. A substrate
processi ng nmethod, conprising the steps ofg repeating both a coating step
of coating a substrate with a coating 47 sol ution which becones an
interlayer insulating filmand a pre-heating step of heating the substrate
after said coating step; and after a final coating step, irradiating a

plurality ofithnélectransbedrns forh iuiderieftionedidlectioh Yeadi tubvdst 176 te Hiéreby
beans in a processing chanber to concurrently cure the plurality of

interlayer unifotmly fgatlidtosthe ldntird sufisde of ehprwafersWhonatheanmiurting table
conprising: a first processing section having a coating unit for coating a
substrate W70 svitdpathencelscironi beantsi ch Ihedemtallyn the s distancey Betwaena the
second processing section having a curing processing unit for curing 10 the
i nsul at i ng moumtihg tabde d7Psand the ppdermedtianed glecteon bssm tubes bife My bee
with electron beans; a.nd a,carrier, nechanismfqr carrying the sybstrate
bet ween %ai %ontmﬁ@b\@r b em@ivngmge%trwar@ds WeHRg dHGC%?IEé@s sWhirhs enables.
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174 which are protrudable above the mounting table 170 and raise and lower
the wafer W while supporting it. Consequently, the wafer W can be freely
10 mounted on the mounting table 170.

The curing processing unit 165 includes an irradiation device 175 for
irradiating the wafer W on the mounting table 170 with electron beams. The
irradiation device 175 includes plural electron beam tubes 176 each for
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



17. The substrate processing apparatus as set forth in claim15, wherein
said curing processing unit includes a nounting table on which the 20
“substrate is nmounted, and said nounting table is capable of applying a
reverse bias voltage to the substrate. 18. The substrate processing
apparatus as set forth in claim15, wherej;n 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

processi ng thy dppedite s ofitiecand gntigosedshiriércopedingdl 81.t hMbgoves! theg
solution to heating processing. 20. The substrate processing apparatus as
set forth isupplyi pipek5]78acared rl8b dré iprovigedorrbi valvesct78m ahdr 1A8d for
includes a resist coating unit for coating the substrate with a resi st
sol uti on anteguladng| thei sypply quiantity unf d¢heiimgrt gass wbspactively,o wiereby ptheg
treatnment, an exposure processing unit for exposing the substrate s

1

provi ded i nSepplyrquantiyref thecinarbges ardhedike tohesunplied i thediniy casing
0 Clai i 15658 AMBE SBHHEY; ngOn dheaoies ahriBon. ROV AEFTIGE Dlce Hart
rechani sm T BESIREGEI g XS P T dOR e 1 198 Fod AR DR e Bnghere in
o ecet 1 166 RREREhRoors e LB 185 L BoPUBBA IS BETAL et 30, 1
o oo Lo, BRORGERE hRphiie 7 s BRASSSH U ORGS A pfecibin
pressure is connected to the exhaust pipes 179a and 179b. By the
10 aforementioned structure, the inert gas or the like can be substituted in the
unit casing 165a, and the pressure therein can be reduced to the predetermined
pressure, which creates a reduced oxygen atmosphere in the unit casing 165a.
Moreover, the exhaust pipes 179a and 179b are provided with valves
179c and 179d for regulating exhaust quantity, respectively. = The
15 aforementioned valves 178c and 178d, and 179c and 179d are structured in
such a manner that their opening and closing can be operated by a control part
G. In the unit casing 165a, a detection sensor K for detecting the barometric
pressure and oxygen concentration in the unit casing 165a, and obtained
detected data can be transmitted to the control part G. Such a structure
20 makes it possible that the data detected by the detection sensor K is
transmitted to the control part G and that the control part G operates the
valves 178c and 178d and the valves 179c and 179d based on the data.
Accordingly, the supply quantity of the inert gas to be supplied into the unit
casing 165a and the exhaust quantity to be exhausted to the outside of the unit
25 casing 165a can be regulated, whereby the barometric pressure and oxygen

concentration in the unit casing 165a can be controlled at predetermined



a reduced pressure chanber housing said Garner nechani sm and sai d second
processi ng section and being hernetically closable; and a pressure reducing
“mechani sm for reducing the pressure in said reduced pressure chanber to a
predeterm ned pressure. 25 24. The substrate processing apparatus as set
forth in clains 15, wherein a thermal prad2ssing unit for subjecting the
substrate to thermal 49 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 reducedalwesssuMoriovesphwheni sher amafeedW niss atatriedc dntbwpr degagphndthe
secti on.
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0-€; cJI there y 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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, ) m"'10% o0& which a Low-k film (organic silicon oxide film) L is formed, are set in the
cassette C in the cassette station 102, and when the wafer processing is started,
the wafers W are carried one by one to the transfer unit 132 by the wafer

5 carrier 107. Subsequently, the wafer W is carried by the main carrier 113 to
the cooling unit 130 where temperature control is performed. Then, the
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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% & ()-*}++\,]1, ", Now,rtBélopevatian Of the curing processing unit 165 will be explained.

First, before the wafer W is carried into the curing processing unit 165, the

heating value of the heater 171 is controlled by the controller not shown,

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 sensor K,

20 and based on obtained detected data, the valves 178c and 178d and the valves

179c 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 second

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

concentration, for example, an oxygen concentration of 1 ppm to 10 ppm or
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lower is maintained in the unit casing 165a.
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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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 by 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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101 is completed.

In the aforementioned embodiment, the curing processing unit 165
which performs curing processing of the interlayer insulating film by
irradiation with electron beams is provided in the wafer processing apparatus

5 101, whereby the curing processing can be performed in a short period of time,
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

10 also achieved.

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

15 reduced, leading to a reduction in curing processing time.

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

20 film D can be suitably vaporized in the first processing station 103. This
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

25 the first processing station 103, and the exposure processing unit 106 is

provided adjacent to the wafer processing apparatus 101, whereby a
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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
10 atmosphere can be maintained in a carrier path of the wafer W from the
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
15 made lower than the pressure in the carrier chamber 105 and higher than the
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
20 easy to maintain, resulting in a reduction in pressure reduction time.
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

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

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



I X. $10%00& ()-m

rssEtruu"wz[ 9P1' | DI\ YO%10% o' 0&' () - S$10% o0& () -! D$10%koko&' ()-$10% o& ()-! N
$10%u0uo&’ ()-!;

99MB10% 0' 0&' () - "WFxxxxxxzdzrP1' 9" $10% & ()-!9 $10% (& ()-@0% & ()- 1000
1000 1000! k. $10%008& ()- !'fM $10%00& ()- 39

dzE{{||-~}[9r P1' ! aF%$10%& ()-! aF%$10%& ()-$10% & ()-! N$10%&' ()-$10% & ()-!D
$10%~& ()-6789<} Zr P1' | aF%$109% | R&$S109%&’ () - ! N&$10%+& () - S10% & ()- 10 10
10! KFISB109%& () - Z

Ysz[ 9P1' | aYiHkd Q¥%Ee,(d chbdes Spening\$I D%t (CarSAAl %hé wafdrNREH&UhroighMnd a
&$10%&' ()-syz{|rSi |1 &$10% 1 & ()~ S10%& ()~ 10 10 10!f.$100& ()-m

k. $10%&' ( )shatter 192 which opens and closes the carrier opening 191 are placed at a

YU%$10% & () - M JwxX6r S1' |1 aYo$109&' () - z$109%vE () - ! |\|$10%gz%)- I &$109ME () -! |
83109% () - | positivaoicing Thesething 106t 180 Of tiaesing 10520 Ry $0¢k asstpadtus,- m
@&s%%ﬁ' E §ax£“ etchisg processingpracgss-ofi sefectixely)remomingothe interkayeginsulaing @ &

SO a ) fibm D dn"aceshdance with  resist pattém  can be inhned, leading to a

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

10 station 104, whereby pressure reduction time can be reduced, and the burden

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

15 mechanism 150 and the second processing station 104 and reduce the pressure

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

20 reduced pressure chamber 202. A pressure reducing mechanism 203 for

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

25 203. Further, the pressure in the reduced pressure chamber 202 can be

controlled at a pressure lower than the atmospheric pressure and higher than
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the pressures in the curing processing unit 165 at the time of curing
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
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
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
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
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

first processing station 103 as described above and subjected to predetermined
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5 Next, another embodiment will be explained. FIG. 15 shows another

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
10 power is supplied from a power source 212. A predetermined voltage is
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
15 the electron beams is reduced, or the number of electrons passing
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
20 in such a manner that the energy is reduced when the insulating film to be
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
25 wafer W, the incident speed of the electron beams can also be reduced.

Accordingly, the power source 213 can be adjusted to control the energy of
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By the way, when the curing processing with electron beams is
5 performed, the wafer W may be charged up. The wafer W which is charged
up beyond an allowable range can cause product defects. Therefore, it is
preferable to generate plasma in the unit casing 165a as required after the
completion of the curing processing with electron beams, so that the potential
of the charged-up wafer W is lowered by the plasma.

10 As a source of generating the plasma, the electron beams tubes 176
can be used as they are. To facilitate the generation of plasma, Ar (argon)
gas is preferably introduced into the unit casing 165a.

Further, if direct irradiation of the wafer W when the plasma is
generated by the electron beams is unfavorable, the irradiation angle of the

15 electron beams may be changed, or a plasma generator 222 such as an
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

20 been conventionally performed in such a manner that after a coating solution
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

25 carried into a heating furnace of a batch-processing system every time and

subjected to curing processing by long-time heating.
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In the curing processing with electron beams, however, the film

5 thickness is not directly proportional to the curing processing time due to the
adjustment of the energy of electron beams. Therefore, for example, after a
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

10 beams is performed as it is, whereby more efficient processing can be
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.

15 Incidentally, although the unit for forming the interlayer insulating
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

20 processing by means of electron beams may be mounted in the wafer
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

25 interlayer insulating film, but the present invention can be applied to wafer

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



1 $10% : & ()-! X$109&' () - ; >PUdEML! S$1099$10% & ()- Z"10% & ()- nt10% & ()- f
10% & ()- ,&10% & ()- @0% & ()-vAdEML! S$109% ni 10% & () - ni 10% & () -
1L Z"10% & ()- f 10% & ()- gl0% & ()-nm'10% & () - X: dEML! S$10% $10% & () -
*mM10% & ()- (M10% & ()- & mM10% & ()- fF% 10% & ()- f#s10% & ()- A
dE: /! 10: 10:7"10% & ()- 6$10% & ()- y34 440% & ()- S2MLO% & ()- 0"10% & () -
. 10% & () -
:oP. / 1\ $10%&' () --&$10% & () -! DWA$10%~&' () - ! DYR$10%~& () - ! D&$10%~& () - @0
% & ()-

Low-k film (organic silicon oxide film), a resist film, and so on.

Furthermore, the embodiments explained above are applied to the
processing method of the wafer in an interlayer insulating film forming
process of semiconductor wafer device manufacturing processes, but the

5 present invention can be also applied to a processing method for substrates

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

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

structure.
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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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the reduced oxygen atmosphere is created by replacing at least an
atmosphere around the substrate with a gas of molecular weight lower than
5 that of oxygen.
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.
0. 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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after a final coating step, irradiating a plurality of interlayer insulating
films on the substrate with electron beams in a processing chamber to
5 concurrently cure the plurality of interlayer insulating films.
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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subjecting the substrate coated with the coating solution to heating
processing.
20. The substrate processing apparatus as set forth in claims 15, wherein
said first processing section further includes a resist coating unit for
5 coating the substrate with a resist solution and a developing unit for

subjecting the substrate to developing treatment,

an exposure processing unit for exposing the substrate is provided in
an area where the substrate is allowed to be carried by said carrier
mechanism.
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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an etching unit for subjecting the substrate to etching processing in a

reduced pressure atmosphere is provided in said second processing section.



