; €e3eRF6TRp{S METHOD AND APPARATUS FOR PROCESSI NG ORGANGCSI LOXANE FI LM 5
Techni cal Field The present invention relates to a nethod and ﬁﬂﬂmmmmmmmmmr
processing an organosil oxane filmby perform ng a heat process

substrate with a coating 10 filmof a polysiloxane base sol ution ajodosed

t hereon, thereby baking the coating film Background Art In recent years,
due to demands for inprovenent in perfornmaRce of sem conductor devices

(semi conductor 15 structures), copper is uSed as an interconheﬁm wmwmmmmwmw
material, because it is lowin resistivity and high in electro

resi stance property (EM resistanc roperiy). process cal |l ed danesgeae
process i s known as one of the neﬁhgdg ?oé %egﬁFz?né g mufti-layered 20

structure with interconnection |ines made of copper. According to this

process, a recess for enbeddin n iBt L gi line is forned in an
insulating film and then t T§§§ i§ Eﬁﬁggg gﬁﬁﬁpcgﬁagr. Then, the
substrate surface is polish O fsUB % em ca 5 Mechani cal
Polishing to renbve a part of the copper out of the recess. This process
is repeated, thereby realizing a nmufti-layered structure. From a generation
having a pattern line wi dth of 2 GelBnYioml irtidlsl t hought effective to use
a dual damascene process, in which an interconnection |line groove and a

vi a- hol e connected t hreepeebeam havewtdve friellade swittoh aameititoet Gorthect i on
line material together. 5 As the nunber of layers in a nufti-I|layered
structure with appersousetvoroprbrresingcrraseganvisé loklhme dnlrthé®y ower si de
repeatedly receive heat processes as its thermal history. Accordingly, it
i s necessary tQpeeﬂGE@in@eanhﬁﬁérp@bcﬁéétOprécé§§§§rﬁ§eaylﬁéwaa§ofglng
possi ble. Furthernore, since heat processes may change the profile in

i npuri tyloncenft i ©f of PAlYFAASKaREr PEFet AELIERED £REY 1shohETseR !
performed at a | ower teggﬁtatu g and for a s?orter tinme. Disclosure of

I nvention 15 AntBBf8RY the % EsERATIAYeRtiBn is to provide a method and

apparatus for formng, at a | ow proc ajure, a filmthat can be
used as an inter-level insulating fi?%?%%?ﬁygaléﬁﬁdielectric constant.

According to a first (aSPeeknfl RESSENLEN\ENHARn0 AdIeT i S R IGd, 2
nmet hod of processing an organoSil oxane film the method conpri sing:
performance of semiconductor devices (semiconductor
15 structures), copper is used as an interconnection line
material, because it is low in resistivity and high in
electromigration resistance property (EM resistance
property). A process called damascene process is known
as one of the methods for realizing a multi-layered
20 structure with interconnection lines made of copper.
According to this process, a recess for embedding an
interconnection line is formed in an insulating film,
and then the recess is filled with copper. Then, the
substrate surface is polished by means of CMP (Chemical
25 Mechanical Polishing) to remove a part of the copper
out of the recess. This process is repeated, thereby

realizing a multi-layered structure.

From a generation having a pattern line width of



| oading, into a reaction container, a substrate wth a coating filmof a
pol ysi 'oxane base sol ution applied thereon, the solution containing a bond
of a 25 silicon atomwi th a functional group selected fromthe group

consi sting of a nethyl group, phenyl group, and vinyl group; and 3

subj ecting the substrate to a heat process in the reaction container to
bake the coating film the heat process being performed in a process
atmosphere that includes a catalytic agent gas containing a mxture of 5
ammoni a and water, at a process tenperature of from 300 to 400C. According

to a second asp f?%%ogfnvrg%eqt M\ r&{hﬁo%f e}?&rd_ éscoor‘%vé daEddlugaJI Ot hod of

processing an o oxane “f i conpri sing: ading, into

a reaction contglne cergﬁsgPééégge th In2choahi g LiLELAL R 189! Yskkoxane

base sol ution applied eon, the solutron contarning a bon a silicon

atomw th a fungtional aﬂ&OéJpv:?QLﬁSléchﬁHEH:B@ 9heUR+60RSHE! bAoA ad et hyl
group, phenyl group, and 15 vinyl group; and subjecting the substrate to a

heat process ingcfheed eacthoanContarashnkethakeltine sagkirialf tbifethle .heat
process being perforned in a process atnosphere that includes a catalytic

agent gas sel ecA€d-fi& onukber gb 6uUPaiB@reoN&i at maQtof ldiyeiredogeruetivde and
hydr ogen, at a process tenperature of from 300 to 400C. According to a
third aspect ofwptlesenterovenecbhont hénesi snpreasded aheafpamst os frhe
processi ng an organosiloxane film by subjecting a substrate to a heat 25
process to bakelewepasidg fepanbedaypokysivexhretbasecesisesi as dfsl i ed
thereon, the solution containing a bond of a silicon atomw th a functional
group sel ect ed tharmadnhifbogyeupRe6asnsnphy: of ta e RFES§RGYD toheny!

reduce the number of heat processes to as few as
10 possible. Furthermore, since heat processes may change
the profile in impurity concentration of a transistor
or the like, they should be performed at a lower
temperature and for a shorter time.
Disclosure of Invention
15 An object of the present invention is to provide a
method and apparatus for forming, at a low process
temperature, a film that can be used as an inter-level
insulating film with a low dielectric constant.
According to a first aspect of present invention,
20 there is provided a method of processing an
organosiloxane film, the method comprising:
loading, into a reaction container, a substrate
with a coating film of a polysiloxane base solution
applied thereon, the solution containing a bond of a
25 silicon atom with a functional group selected from the
group consisting of a methyl group, phenyl group, and

vinyl group; and



group, and vinyl group, the apparatus conprising: a reaction container
configured to accommbdate the substrate; 5 a gas supply system confi gured
to supply an enployed gas into the reaction container, and including a
supply source of ammoni a gas; a heater configured to heat the substrate in
the reaction container; and 10 a control section configured to control the
gas supply system and the heater, wherein, gwhen subjecting the substrate to
the heat process in the reaction container, the control section controls
the gas supply system and the heater to 15 performthe heat process in a

process atmosphere thalyloeldes,a sahalylie 8gentngas poRkaLyl ng 2nE xture

of ammoni a and wat er; a process tenperature o rom to 400C.

According to a foyrtf,aspoct, Ofe Presenixs nt\_fﬁé‘}w%tige Ehene ERePh@ytded an

apparatus for processing an organosiloxane filmby subjecting a substrate

to a heat processddsdake: g coatidemdd! 1hof grosbysi hexapghbasetsakution
applied thereon, the solution containing a bond of a silicon atomwith a

functional groumsBl®sd ed 2541 P & hegaiougasosshstingngf aamirthyk gfoup,
phenyl group, and vinyl group, the apparatus conprising: a reaction
cont ai ners conf il 4 carad cwar@dat &t tdheproSessibsémpeératugasosufpbn 896t em
configured to supply an enployed gas into the reaction container, and
i ncluding a suppd yi®®0r.ce of a gas selected fromthe group 5 consisting of
di nitrogen oxi de and hydrogen; a heater configured to heat the substrate in
the reacti on cont ai ndecor@dgng to a second aspect of present invention,
there is provided a method of processing an
organosiloxane film, the method comprising:
10 loading, into a reaction container, a substrate
with a coating film of a polysiloxane base solution
applied thereon, the solution containing a bond of a
silicon atom with a functional group selected from the
group consisting of a methyl group, phenyl group, and
15 vinyl group; and

subjecting the substrate to a heat process in the
reaction container to bake the coating film, the heat
process being performed in a process atmosphere that
includes a catalytic agent gas selected from the group

20 consisting of dinitrogen oxide and hydrogen, at a
process temperature of from 300 to 400%C.

According to a third aspect of present invention,
there is provided an apparatus for processing an
organosiloxane film by subjecting a substrate to a heat

25 process to bake a coating film of a polysiloxane base

solution applied thereon, the solution containing a

bond of a silicon atom with a functional group selected



a control section configured to control the gas supply system and the
heater,” 10 wherein, when subjecting the substrate to the heat process in
the reaction container, the control section controls the gas supply system
and the heater to performthe heat process in a process atnosphere that
includes a catalytic agent gas selected fromthe group 15 consisting of
di nitrogen oxide and hydrogen, at a procesg tenperature of from 300 to
400C. Brief Description of Drawings FIG 1 is a sectional side view show ng
a vertical heat-processing apparatus according to an enbodi nent of 20 the
present invention; FI.G 2 is a i Rg.t atl hi en
coating filmb *ﬂb E%%p%?%ﬁ%r%g%%gQF§£83$gl%c@gFéggoﬁggg { %ngkwgbtained
inter-level insulating fil LS r LN ; t.i onshi p
bet ween 25 coaIQFéﬁéil%ﬁ%a |%gif§ﬁ§ughd€? egg?3?§g$?igoﬁgﬁéﬁgh? of an
obtained inter-1|evel i W alo Py AN Wa d ; i O Ry teg thike
rel ati onship bet ween™ Pégégg??nSEPF?%P%gkfﬁg§?g%5§?a?8re and the dielectric
constant of an ghtajped.inter-level insulating film Best Mde for Carrying
Qut the Invention Inter-fevel insulating filns disposed in a nulti5 |ayered
structurg with intergogasckiipplli Bestame coadiiguedd aohawuprd v amer rel ative
dielectric constant, in accordance with an increase in the operational
speed of the desuskoyds gasethod ohef oeaichgoanciontednksyelnionSWcdididg o i | m
with a low dielectric constant, there 10 is a nethod of applying an organic
base material cansapplwgssiikceonfoampoaisedidéonduct or wafer, and baking the
coating filmthus formed. The present inventors studied pol ysiloxane base
sol utions for use asaahestgancenbigureg: &0 fleads thg sSUastFasddt &ify to 15
experinments, it has been confirned that, where such a solution is applied
onto a wafer byréprhieBaEPR§aiBgd /t RB9coating filmthus forned is baked in
a nitrogen (N2) gas atnosphere at a baking.tenperature af 40 or re for
1Yo 2nCOREEPY SEE PR &O&%W&@fﬁ{ 9 r%onocﬁ?dlaoﬁ%e

60 m nut or nore, Wi ow dielectric

constant is obtained. However b s been found in that, where a
pol ysi | oxane baggpggyuﬁygﬁepsaﬁgegﬁgi%%gkggw process tenperature and a

short process tine a%%e%%&%gt%ﬁédﬁgﬁﬁﬁédglﬁ'|ﬂHéM§db§%ﬂéﬂ@(ﬁdﬂﬁﬁgrﬂéat

constant can 25 hardly be obtained. This problemseens to be caused by the
foll owi ng mechapi-gpessPeai fhealbucttibe kReitad netrep theyr deeatrdlr cosssiang
's

step) is used to cause (-Si OH)

controls the gas supply system and the heater to

15 perform the heat process in a process atmosphere that
includes a catalytic agent gas containing a mixture of
ammonia and water, at a process temperature of from 300
to 400%C.

According to a fourth aspect of present invention,

20 there is provided an apparatus for processing an
organosiloxane film by subjecting a substrate to a heat
process to bake a coating film of a polysiloxane base
solution applied thereon, the solution containing a
bond of a silicon atom with a functional group selected

25 from the group consisting of a methyl group, phenyl
group, and vinyl group, the apparatus comprising:

a reaction container configured to accommodate the



present in an applied coating liquid to inter-react wth each other,

t hereby producing (-Si-0-5i-)'s. If the coating filmis supplied with
insufficient thernmal energy, the reaction described above cannot propagate
5 through the entire coating film As a consequence, a |arge nunber of
(-SiOH)'s remain in the film which hinders decrease in the dielectric
constant. Enbodi ments of the present invention achieved on the basis of the

findings given above will now be 10 described with reference to the
acconpanying drawings. FIG 1 is a sectional side view showng a vertical
heat-processingﬁ5 s according to an enbodi nent of the present

i nvention. This apparatuUs has a reaction tube 1 having a doubl e-tube

structure made of quar chyLscforpREigliran kBNenLphbulke sha whose
opposite ends are op%n%%s ;é%&g¥ oﬁte? t ube 1% whose top end is closed. A

cylindrical thess {&suyasoindoi hdi segsedonr evndather; eanti anctluiény and
fi xed on a base body 21. The thermal insulator 2 is provided with a heating
means 20 or heaéeéu%pgysﬁ@ﬁﬁﬁeoﬂftﬁegéﬁneélsbded Themheategrdups for med of
resi stance heati ng bodi es arranged i ndependently of each other in the
vertical glirectéons{sbire sfagesitnoybe exadpl enshbwdrogeR;G 1). The inner
tube la and outer tube | b are supported 25 on a cylindrical manifold 4 at
their bottoms. A firsthgasesupphyibimedstanteatsébenduasradsplip IGhfe 6 are
connected to the manifold 4, such that they have their 8 supply ports
opened in the |peecthpracbntadeerheanfiner tube 1a. In this enbodi ment, the
first gas supply line 5 is conbined with gas supply control ctions 50 and
55 and so forth to férﬁPatFPFsFe§§§°§USBP3199§PQWFOTHQQ§%%E G suppl y
line 6 is conbined with s _suppl y,coptrol section 60 and so forth to form
a second gas su%BP91¥y§¥g mhﬁgg gB@cBFF%SFYy, the first gas supply line 5
is connected to an a ni.a_gas p . I t hr t el y
cont rol %%ction (anngﬁgﬁeégé ?H%§|§h§8%%$6 %%E%Fi%$?%¥§é%$ﬁ%f1?ﬁ§|udes a

flowrate adjus%ggggsgnkﬁ pheand 2rY8hVeontaihle,f ithat @t rouPRlaetiiore 5 is
al so connected Y0 an rnactive gas supply source 58 through the gas supply

control section.lpy331sWihehghBCkuges ya shlsewnr ahel adjeusigadr wo t 56 and a
valve 57. On the other hand, "the second gas supply line 6 is connected to a

wat er vapor suppkyrsewr ¢aeb8ehlir pughcislhe igas pujpaley scartmosiphsest itha 60,
which includes a flow rate adjustnent unit 61 and a val ve 62. 20 An exhaust
line 7 is conneghedutiest he cannilfytlid 4gentperisosmlediadsttadw diigh LMW | a
and outer tube 1b. connected to a vacuum punp adjustnent unit 71, such a 25
enbodi neh$, t hecbnséstinke ofariihdltd ogeroomisler aae ho 1Ak Typade det ween t he
i nner The exhaust line 7 is 72 throu%p a pressure s %ﬁgutterfly valve. In
this la, outer pupeerss, targegait&ienar. TAm FWody 2PY% provided to close

t he bottom port 9 of the nifo 4. The lid b .Js_attached to a
boat el evator 23. A rotary %Jeeégj‘?%cﬁpstbjo%%amgﬂ#%‘iﬁf?% body 22 through
a rotary shaft 25, ' i.s.rotated . hy a driwv . Aasul atd ng. £y dnder
or thermal 5 insul a}t,\&lolglun]i 27 % soprgasle 1Oc§e %ﬁlee"f\ggt ary t%bl e 26 to nount

s %at()ap%adxiafﬁ{se%co%ﬁ’@ft% AadmZiient of

a substrate hol der. .o %Q;
configured to sggﬁgr?ré Sunbe wafers Wat intervals in the vertica

directiopy The ver! isalsdagatirRfedassing apparatus includes a

FIG. 2 is a graph showing the relationship between
coating film baking temperature and the dielectric
constant of an obtained inter-level insulating film;

FIG. 3 is a graph showing the relationship between

25 coating film baking time and the dielectric constant of
an obtained inter-level insulating film; and

FIG. 4 is a graph showing the relationship between



10 control section 8. The control section 8 controls the heater 3, pressure
adj ustment unit 71, and gas supply control sections 50, 55, and 60 in
accordance with a predeterm ned programstored in a nmenory built therein.
Next, an explanation will be given of a nethod of 15 processing an
organosi | oxane filmaccording to an enbodi nent of the present invention,
which is perfornmed using the vertical heat-grocessing apparatus shown in
FIG 1. This process is perfornmed on a target substrate (sem conductor
wafer) with a coating filmof 20 a pol ysil oxane base solution forned

t hereon. The coati fi a I t S tr i€ g.

spi n-coati ng, a%%a€%%% ég}ﬁdsa?ﬁgasggﬁ%%g%tﬁgeagggnggén q%%ﬁ?%ﬁﬁ?%g a bond
of a silicon at j a . tunct| : (o] L i

consi sting of 2§g%¥%%$Ey?%ggguggggkﬁg?,Hgﬁgﬁy?%gggu%h%gggggf%rgﬁgﬂVinyI
group (-CH=CH2). The polysi ly@derds @éﬁpﬁiﬁg oYt hydeokysengian 10 silane
conpound havi ng a hydrol yte group under the existence or non-exi stence of a
catalytic agent to copdepseecivbl Aneheberakl &iaxamiiepefsed sin anenganpound
containing a hydrolyte group is trinmethoxysilane, 5 triethoxysilane,

met hyl trigret hoxysibase, stetbylitei e haxyaikaaenneethyht liinespragoxysi | ane,
met hyl tri-iso-propoxysilane, ethyltrinmethoxysilane, ethyltriethoxysilane,
vi nyl tri net hoxysefraheedvtayhtveethdrysicl aré atpengiedierttrtiox yeinsdret,10
phenyl tri et hoxysi | ane, di net hyl di met hoxysi |l ane, dinethyl di et hoxysil ane,

di et hyl di met hoxysi hanerddneehylidheahosipsiceane, 1ai fhenprginadtliomais israees

di phenyl di et hoxysi | ane, tetramet hoxysil ane, tetraethoxysil ane,

tetra- n- propoxyefl the, deBifa-i sBS18 pespogy sl 4Remingt ea Aritoxyiatane,
tetra- secbut oxysi | ane _tetra-tert-butoxysiIani, or,tetrapggn xysi.l ane. A
catal ytic agent ‘DSB4aFANAYELOPyYiERcan1RY S edercd T ich&ioRs %ﬁ%ﬂ) d,° or

al kal i, 8d preferablé n .20 alkahigL such as a%ﬁnn%g Qr a%%xhg i ne. The
nol ecul ar” wei ghtSof B Fsgﬁl8§aﬁgp'¥ P802006 186716, 666 085, préter abl y

100, 000 to 9, 000,000, .30g Dt ¢ cpreLerably 200.A00:LA 5 A0 I

wei ght - aver age nol'ecul ar “wei ght obt'ained by polystyrene conversion in 25
accordance wit hpa; GRC FRENEEatYAS €1t ithulses® rinkan 5&HR0Qrddumdi el ectric

constant and el astic nodul us may "be insufficient. Wiere it is greater than
10, 000, 000, 1int/Bgtypisf @tﬁHﬁ)édOEvoay%Qabix@glef Hamemay 1he ilooverfed: dde i s
preferable to use a polysil oxane base solution that satisfies the foll ow ng
formula. 0.9 ~ RkYan Orgahwhebesk denetaslt e ahdm &inyd.of Arxddredimet Hyd
group, phenyl group, or vinyl group, and Y denotes the atomicity of Si,
both in pbl ysi| expre)mefihe, palkydialsobare lbasd igolegt itda t(,c odtsnsy duduiad) is
prepared by dissolving such polysiloxane into an _organi c solvent. A
concret e exanpl §08E1tao50RveAPPLa efe ODfougedaffer Iy SHiQgoatdddt G
selected fromthe group consisting of an al cqhol base ,sol vent, ketone base

sol vent, ani de EQ@ec§8F&€Htfiéﬁdt eﬁoﬁg§€'§5I@ édlﬁ?zﬁﬂﬂ%ﬁﬁﬂgﬁQ)
D Yot oanoet O S e St e 8RB 8 (A e L AR NG 02100

as surfactant, . ( as ne nunoer ., 150,
LTS ST bl 88000 Bt TR 1 3 o e
reactionygont ai peRf QiARd 20f LN@ielectric constant is obtained.

However, a problem has been found in that, where a
polysiloxane base solution is used, if a low process
temperature and a short process time are used, an
insulating film with a low dielectric constant can

25 hardly be obtained. This problem seems to be caused by
the following mechanism. Specifically, the baking step

(or heat-processing step) 1is used to cause (-SiOH)’s



20 reaction tube 1 and manifold 4. The reaction container has been kept at,
e.g., a process tenperature used in a heat process to be perforned.
reaction container tenporarily due to the wafer boat 28 being 25 the
tenperature beconmes stable ture. The process tenperature regi on where the
wafers Wto b However, since the decreases in tenperature |oaded, it waits
until at the process tenperais the tenperature of a used as products are
12 placed. The process tenperature is set to fall in a range of from 300 to
400C, and preferably of from 300 to 380C. The reaction container is
vacuum exhausted and set_ to h r ' essug d 5

0 i el 895{95@11?9 uPaeEs iRrEE vegdt

at nosphere bytﬁﬁfiﬁ%&sure a nent unrt e timng when the

tenperature insjde t i.on i table-sVh t herreacti on
R 5L AR SBoid g bagomy sroberoieprste:

n
cont ai ner becones st enperatidre and has the

predeterm ned prgssuse. 40, redugeds atgpsphesewien enpheyedieas thesnppl ied
into the reaction container to perform baking (a heat process) on the

coating film At dhg, i, rddier VehVee52r obelingbgas sHPpRbY pebbeghtsection
50 is opened to supply ammonia gas into the reaction container at a 15
predet erng ned fioMpiligt eriadlj aist edle byotbengl owlmat eAadpusbnertiuence, 5&. Al so,
the valve 62 of the gas supply control section 60 is opened to supply water
vapor into the I£agéiommsontaf nerSaAOHA’ pr edvaénniinethe| swlmat whadhust ed by
the flow rate adjustnent unit 61. 20 After the heat process is perforned
for a predeterriimdets ndecréeseainetdz dietpetyas sapptgiEontrol section 55
is opened to supply, e.g., nitrogen gas into the reaction container. By
doi ng so, the interiﬁmbéﬂlmﬁétﬁeaétﬁgﬁ BERESN e VENTd Oy REG 1Y 8% PBspheri ¢
pressure, 25 and then the Lid bodg 52 i s mpved dBMn to.&ransfe%eout t he
waf er boat 28. theseasbFiaf bRer &iPEAEISr G1¥EPT BPRYE BY th&°¢oRErol secti on
8 in accordance with, a 13, _predet erm ned proagr rLin h rocess
descri belP abovedeaCT+828 ﬂﬁﬁﬁnfe Frﬁﬁggrg8Hﬁg% %Egggﬁﬁhﬁnn?hgrgggéggdn
contai ner reacts wt ni, N : Le r j q It
hrammenia CNGR)y sbhenely r odug) it andetdida)

is though that the N non reacted work as a catal ytic
agent so as to {5 Sl ti ghimor @actz tWiekib oRaelen@t er as
descri bed bIOM/gﬁggcéﬁéégg%ﬁégrg??%%agg%dggggFFbﬁgblynerization, t her eby
producing (-Si-Ehél present0inSe@HisnkiOSThis~apPar@tis Tae e@oneemitian ons of
ammoni a and water in the process atnosphere in the reaction container are
set in light oftfipet or Batongbhadbubhe-tabel priracdgest refdeectt drwartizhed
above and to prevent i1l effects on the 15 target objects. Mre
specificably, thRiahmdai docmrdenttr ani dnniey thideprlec @b sa MPHSHae ehidset to
be preferably fromO0.004 to 5.0~, nore preferably fromO0.04 to 2.0~. The
wat er concent r aerenobanefe precass otess Fidce 1ibs oS &I §5i% et abl y from
0. 00005 to 20 4.0~, nore preferably fron]0.0%?QS %ﬁf&{ls%)'ln hi s d
enbodi ment, t heChaseA -vapofrvitd nedsile FrEr Rkt HE SIS Cde 2 1HP °EE,

however, since the atng;gﬂg&gg%qﬁ%?gt eaaﬂg%a(¥¥y%gygg cannot qoplately

be exhausted, a2tPHeg e i $TPr €sént in the reaction

contal ner, S RERTREMAISC, rBaR I 0 MELEL RN LS UPBd RS e
20 or heater 3 disposed on the inner side. The heater 3 is
formed of resistance heating bodies arranged
independently of each other in the vertical direction
(three stages in the example shown in FIG. 1).
The inner tube la and outer tube 1lb are supported
25 on a cylindrical manifold 4 at their bottoms. A first

gas supply line 5 and a second gas supply line 6 are

connected to the manifold 4, such that they have their



14 constant can be obtained, as shown in the experinental exanples
described |l ater. However, where the nunber of wafers to be processed as a
batch is large, the noisture nmay be insufficient. Accordingly, as shown in
5 FIG 1, the apparatus preferably has a structure for supplying water
vapor into the reaction container, as needed. As regards supply of water
vapor, when the tenperature of the heat prgcess atnosphere becones a 10
predet erm ned tenperature, only water vapor may be supplied first, followed
by ammoni a gas being supplied thereafter. Were only water vapor is
supplied, the supply tine is set to.be : r 0; secgpd 0;

m nutes, and m%§§§¥ﬁﬂgp?$%nﬁﬁ?éﬁén&€ %%559%$%%tgg%élﬁﬁggggeggﬁpﬁégeahere

he wafer b 47 - | bas! yabpayd
the wafer boat a’%ﬁﬁﬁ)%é@’gﬁ On¥Gh Shén W ofné FDEBt(FQ@ Hebpa yd U

waf ers pl aced ottomsides), as a fully loaded nunber of

waf ers thereon,s tQ NESfIIHA@ PLOKESSs LI acbheAoLOBEBLNBASCENRENtO have
a volunme of from 100 to 250L. 20 For this reaction container, the flowrate

of ammoni a gas 45 $64 $® beronetsrabiy AromOtObaSLMipply Skbteand Fbee
preferably from0.1 SLMto 2 SLM The flow rate of water vapor is set to be
0.001 CCMto 3 LLMhd agusdosDpveiseod fsouomhired2fith gedesupplyt udy the
i nfl uence of pressure on the dielectric constant of an inter-|evel
insulating fil nmohesdl psecessescheardpeof bontld whi fermsiangedintecent 15
pressures in the reaction container in a range of fromO0.15 kPa to 90 kPa.
No substantial sapphvienstém.the dielectric constant due to the pressure
wer e observed. Accordingly, any one_of a_pressure-reduced atmsphere, 5
normal pressure atnDMQhérépeﬁﬁélﬁﬁééyuréhﬁnéﬂ§§§e3a§tﬁﬁ@%ﬂé?ggﬁﬁv%béjhsed

as the process atnosphere, When ammoni a gas is_supplied into.the reaction
contai ner, an i AARRPYESHakO §Hcﬁmﬁgnﬁﬁtgg§eﬁuﬁgiy %ﬁ?rﬁg gﬁpﬁ Fé&g oget her .

This is advantageous if a large 1 anti f Ldi.zi.n 0 REs, such
as oxyger’ may be®| &Rt FHpPﬁggF83gfggngéghggﬁnégﬁhggégu g%t%gg?ﬁgitive gas
can re t he_ | f Ldi zi - h WA <OXi GHyZi ¥ coatin
T Phereby. prRbEhet neghibe) “5pP BhIBAPRAES UBLOK] B ALel Tonting

Howpver,_as shog@.&gthg &hgng%pgﬁigﬁ@tglvgﬁggpbgs dqagr&ﬁq@thﬁﬁgz even i f
no inactive gas i3 suppPle al ong with anmonia gas, no problemarises in

t he experi”E“t'éﬁyghyr§§ﬂét§-iéCQQ%di&ghweciéapkw ef iimactiive gmss i s not an
essential factor. 20 As the tinme period of the heat process, 5 mnutes or
nmore is sufficienpplor s3a@€e 88 thawnghn thiee gexspenippént aondxanplsestion
descri bed later. However, if the heat process is too long, filns disposed
on the |pser side, mipibe ahtduded by fille radenadinsdment Wddorkp 289 fyl y,
the tine period of the heat process is preferably set at 60 m nutes or

| ess. The verti ¥alvRe&i’-pr @éleé:ﬁen@télﬁﬁag‘é‘t“@s doscsasoqd 9B SRR Yenpl oys

the reaction tube that has a doubl e-tube structure. Alternat] r
exanpl e, the reaéPPof t8bERRFBES FPmdd “GiteX svialpéﬂre-stqﬁ?élystsron‘gé/uér e%fwhi ch

I's exhausted fr%ﬂ&%ﬂ%ht%%e gas supply control section 60, which

includes a flow rate adjustment unit 61 and a valve 62.

20 An exhaust line 7 is connected to the manifold 4
to perform exhaust through the space between the inner
tube la and outer tube 1b. The exhaust line 7 is
connected to a vacuum pump 72 through a pressure
adjustment unit 71, such as a butterfly valve. In this

25 embodiment, the inner tube la, outer tube lb, and
manifold 4 form a reaction container.

A 1lid body 22 is provided to close the bottom port



5 According to this enbodi nent, when a pol ysil oxane base coating filmis
baked to forman inter-level insulating film ammonia and water (water
vapor supplied into the reaction container or noisture left in the reaction
container) exert a catalytic agent 10 effect to reduce the activation
energy necessary for the baking reaction. As a consequence, even if the
heat process tenperature is low, or the heat process tinme (baking tinme) is
short, the baking reaction sufficiently proceeds, thereby obtaining an
inter-level 15 insulating filmwth a |low dielectric constant. Accordingly,
it is possible t rovj de.properties. qQf [ r -level i ' £ lm
requi red for de%fc ei%g§1§8§§r§fio§h a&?ﬁgbgh a?gegg FF%%Q%% tﬁgbf'o.lo
Vim such as a - e,strugt u e, o 143l ie to
prevent a deviceggﬁr%gggégggogééd ﬁnyg 35§CEE ?%g?geﬁﬁgkgfﬁﬁﬁgggqﬁitﬁggt.
Next, an eXplan?&?°ﬂo&&'be%h9bﬁ@ﬂ er@tgﬁgh%QaQE REQCESSICH i rotated
organosi |l oxane til mactCordi ng andt her enbodi nent of the present invention.
In this enbodi B% geativdi pigtroganiaxudetiNOrygasder kydregemnslH2) gas is
used, instead of anmmonia gas, as a gas supplied fromthe first gas supply
line 5 into theineathtodnt uhetla7 i%7dAsposdidnghy the wettarcaltable 26

heat - pr ocessi ng apparatus used for performng a nethod according this
enbodi ment i s stoumbuneédasschsthatet holgas supplafesobosd 53 ddrarEastred to
the first gas supply line 5 in the vertical heat s processing apparatus
shown in FIG |Ths wefkacbdali £8 assgppifyss@@cc & cofsupnent ggénmbadeyas or
hydrogen gas. The second gas suppl{ line 6 is unnecessary. As shown in
experimental exdapEES We@grﬂﬁéﬁrW&tér}ntﬁP§ B ddiGRentd et dkes it
possible to obtain an 10 inter-level (insulating filmwth alo 1gicilelectric

constant, as in the CBSe V6T GihfdnieefaP &S Ue FPRAF IS Theei 9§t T s

t hough that the follown atal ytic ent _causes ydr

condensa{?on- pof§ pratsl‘%g lPélaéét‘i on; %aé:oélesr(?rl bc’ee%egalt?ovgg %etrreOldsl it ogen
oxi de 15 gas is,u he _di_ni_tragen . oxi - whi-gh i j id,
itsel f works ashFaggga al ?giegsglégnt%aj%g%%r%; rnc}\g;rfldasa%}f étjésé;gsjﬁphlgp
hydrogen gas, “@fo@rbi akitndf saci 6s,i el fsomanks @ ddmaatal ot i£ agent.
This condition allows a process to reduce the activation 20 energy
necessary for optayBi-egmdmddiiogrevelstidisid atd ng rfdnlony Asiidl tcotsegiance,
even if the baking tenperature is low, or the baking tine is short, the
baki ng reaction suff Nexent lan pradeedst ictheviddndentgiaterom Dfa diefhodgeh

oxi de gas or 25 hydrogen gas in the process atnosphere in the reaction
cont ai net5i s seprorelsisghy eh foargaoes itle¥sneifi itheasnzd yng ccadganht ef f ect
descri bed above and to prevent 18 i11 effects on the target objects. Mre
speci fical ly, wembeddment: oderthexinFesentudéy et Prvatv @t igh o idesr fyared

di nitrogen oxi de concentration in thetgrocess at nosphere is sq%)to.be

preferably fronl§i0gathe §egh! a nfed rRdsSain Y'd BRI 4T LB her e
hyd i lyti t . d i inth

oY ocase at mosphErl i & -cethis FE PR RPN, o T o v
preferably from0,04 tq 2. Q% \Were digy tvizﬁ%eﬂ Qe Pas,oridydFogen,gas is

10 used, heat process conditions are as follows: The baking tenperature is

set to bgopr ef eLabloy A00G.0Ind G WU WIS IIEHRIAN N REHE orThess. I
| i ght of baking of a“coating film the baking tenperature is set to be 300C

or nore. The baldyag itig7eriiis I8is tkedie abppref erabine fsuwmstratiauses to 60
m nutes, and nore preferably from10 mnutes to 30 m nutes. The pressure in
the reaction tuke gl ,dwding deadd ingy,| sarsettien hir iprf erdid ysé T ond @n 00930 kPa
to 101.3 kPa, and nore preferably fromO0.15 kPa to 90 kPa.
compound containing a bond of a silicon atom with a
functional group selected from the group consisting of
25 a methyl group (-CH3), phenyl group (-CgHg), and vinyl
group (-CH=CHjy).

The polysiloxane is prepared by hydrolysing a



20 As descri bed above, where the reaction container accommodates 170 wafers
W of 8-inch, the reaction container cones to have a volune of from 100 to
250L. For this reaction container, the flowrate of dinitrogen oxide gas is
set to be preferably from25 0.01 SLMto 5 SLM and nore preferably from
0.1 SLMto 2 SLM The flow rate of hydrogen gas is set to be preferably
from0.01 SLMto 5 SLM and nore preferablyy 19 fromO0.1 SLMto 2 SLM
Bot h di nitrogen oxi de gas and hydrogen gas may be supplied together.

Furt hernore, when dinitrogen oxide gas or hydrogen gas is supplied, or

di ni trogen oxi ) [ i LN e action
contai ner, an %ﬁé%%ﬁ%3§%§§¥ﬂgﬁgﬁy%§h%?%r%%ﬁﬂéggg% ﬁggu%eﬁgg%glfgg t oget her

with the fOf”E%Aﬁg%eﬂégf%%ﬂﬁoﬁﬁgﬁq%ééﬁéeA@feépéataﬁpﬁi@aggeﬁﬂdﬁgted, usi ng
a vertical 10 heat-processing apparatus having a reaction fube forned of a

singl e-tube strygtdtfse it thig exPesaBNE , eXOmpéess YV veleanpl asggoanda
waf er boat as heat process targets. The pressure in the reaction tube was

set at 13.3 kPagoraiih i, eh gdso WaSe syipphp edls at r améthexyat géahb, of 2 SLM
Heat processes (baking) were perforned at six different heat process

t enper at wr es oft BOKR 03390 ardd0Gne BHPTG; r 380thoandi 420€, each for 30 m nutes
. No water vapor was supplied into the reaction tube. The nol ecul ar wei ght
of pol ysi | oxanenétrhyl tsol etthaxy 201 dweat heghVl gui dr-appppassdéhangaeh waf er W
was 820, 000 in weight-average nol ecul ar wei ght obtained by polystyrene
conver si on. ThenethybtlCH? Sipreaporeshiangr oaphul bRiBREPOKEEALPPE t O
silicon atomcity in polysiloxane was 0.5, Then, neasurenent was perforned
on the 25 reIaI@QQy%ﬁﬁﬂ%%@?¥%S%bﬁ%?anYl%YlFﬁéﬂFBPPﬁﬁsFﬁPﬂﬁ'thus obt ai ned (a

filmto be used inter-level inswating filmin an,actual product
wafer). As a WOFESUSCRPREST LRART ORSRT B bEt RBEROLHE REAE” pr ocess

JZOYestt e . . rocess
o A 5 P el G R L e Ry I EE s R he S consrant
an al uni num el egi{ode, Pal L e was LA Ted; 90 9RaoREahBRYSh Taukating film to

prepare a sanpl €. e refative dielectric constant of the insulating

filmsanple wasy{Rasyl gfe PYo Ry V1 ARENOM: pAEN D] i RAHBBRYsQR ak@) kHz, using
"HP16451B el ect rode and HP4284A 10 precision LCR neter” nanufactured by

Yokogawa- Hewl et § Rawckay tld CothbLpspanant | veeexampthokysinanead of ammoni a gas,
nitrogen (N2) gas was supplied at a flowrate of 10 SLM Heat processes 15
(baki ng) were pestossedoaysthaee, dtéfenentphepbxpsddess,t eaperatigoes of
300C, 380C, and 420C, where the process tinme was 30 mnutes at 300C and
380C, arih 60 nipuoesxusil2ne, ThcrathebUEoRUFLLoRS WEPETSEESCo be the sane
as those in the present_exanple 1. 20 Nbasurenen& was perfornmed on the

rel ative diel edpiiex¢ohsenft bEtrAsLPAETRYTPFYRELBRGs OBtai ned, as in the
present exanple 1. As a result, the relationship between the heat process
tenperature and-®eFaPRGRO¥YEEEEPPic constant rendered a plot indicated with

O 25 1nFG 2 A catalytic agent used in hydrolysis can be an

acid, chelate compound, or alkali, and preferably an
20 alkali, such as ammonia or alkylamine.
The molecular weight of polysiloxane is 100,000 to
10,000,000, preferably 100,000 to 2,000,000, and more
preferably 200,000 to 8,000,000 in weight-average
molecular weight obtained by polystyrene conversion in
25 accordance with a GPC method. Where it is less than
50,000, the dielectric constant and elastic modulus may

be insufficient. Where it is greater than 10,000,000,



(Speculation) It is thought that, where an inter-|evel 21 insulating film
has a relative dielectric constant of 2.3 or less, the filmis well

prepared to handl e a high operation speed. A method according to the
present invention nakes it possible to attain an expected 5 relative
dielectric constant, even where a tenperature as |low as 300C is used. In
other words, |looking only at the relative ¢gielectric constant, it is
possible to obtain an excellent insulating filmwith a very low relative
dielectric constant, where the heat process 10 tenperature is set at 420C

I f the tenper at I e |s }L‘grm hbfhg\/\ggghn device s Ibléct el med in
advance is affe ?%d % re% hrndering a grocess u uaI anascene to
manuf acture a devi ce ha isn ihlLayer r it is
. 1628 ¢ St sqld%&q%cﬂa@é Y,

l'i kel y necessary 15 Eg \§fet gf%g%gtgt epr ocess te ature at 400C or |ess.

Wiere ammoni a 9a§1We§oHSeHatt BELEBEYkAT ikRG ffbllmosuh@l\ged:o&nwaatl ve
dielectric constant far smaller than that of a conventional case where
nitrogen gas was used, oatz they S2nm® . egivheireC &S sicr ey aihy e tfnid8tG arf 20

| ess. Where nitrogen gas was used, a heat process tenperature of about 400C
or nore was needrd methylagkoap,ebhknyd direlugct oirc vdorydt ayrtougd, Al oF | ess.
Judging fromthese results, it has been found that a nethod according to

t he present invdshboascahel anemithéyhedt S25 poddess trorprsidiarane)and
provide a far better result, as conpared to the case of nitrogen gas being
used. 22 (Present Shenplod va)i Lidewinepbocess sos Widan perdadtima bt dal dleats
process tenperature of 300C for two different heat process tines of 30

m nutes and 60 RrApessd ¢Nedéﬁﬁ@ﬁVBn@bﬁ&Qﬂ<B%§Mﬁ%%9&ﬁ&et%9%%‘¥he sane as

those in the present exanple 1. Measurenent the relative
dielectric cons‘?éﬁ?néf: PRIVERLI ng A ICORS T TS eé‘ﬁ‘t“&ﬁ‘?e ‘ﬁﬂat P s¥ht
exanpl e As a re e rel ati_onshi f e

relative%QO diePéS F8r %E&Faﬁ? Pend&rs d% {hcate \M%#?g%ﬁﬂgh FI G

3. (Present exaggb% g)gr Iﬁiglﬁtofprglc ?L%%%o%rb%é%egoqrm atk@Cg}gétbar)gé)cess

t enper ature of ree erent heat process ‘15 tines of 10

mnutes, 20 M nuLegendnd 30 g8 Pkes soi%r&t hem e ndidd Mssavessl wdie Lo be
the same as those in the present exanple 1. Measurenment was perforned on

the relative di %e%all@cl%eln%a@blqusﬂl@swrﬁI ng idom #rhyisl ohiiad neds as in
the present exanple 1. As a 20 result, the relationship between the baking

time and rel ati ¢enéiag@nheatr la@:chtma_;ntcdn@mmmﬂ ayiiotad ndickdethmi t o2 " in
FIG 3.
15 pyrolytic polymer, as needed.

A number of, e.g., 150, wafers W each with the

coating film thus formed are placed on the wafer boat
28, which is then moved up by the elevator 23 and
loaded into the reaction container formed of the

20 reaction tube 1 and manifold 4. The reaction container
has been kept at, e.g., a process temperature used in a
heat process to be performed. However, since the
reaction container temporarily decreases in temperature
due to the wafer boat 28 being loaded, it waits until

25 the temperature becomes stable at the process tempera-
ture. The process temperature is the temperature of a

region where the wafers W to be used as products are



(Present exanple 4) Heat processes were perfornmed at a heat process 25
tenperature of 380C for two different heat process tines of 10 m nutes and
30 mnutes. The other conditions were set to be the sane as those in the
23 present exanple 1. relative dielectric obtained, as in the the
relationship be 5 dielectric constant in FIG 3. Measurenent was constant
of ins' present exanple tween the baking rggdered a plot perforned on the
alating films thus 1. As aresult, tinme and relative indicated with "D’
(Specul ation) As shown in FIG 3, a higher heat process tenperature
resulted in a lower relatjve dielectti tant _qf i | at ] film
for the sane hegrgﬁ?SCesih?iﬁg9gﬁ§%3§8&8%93$§%%t%%o&%ﬁ ?ﬁéf%ga %%#ggess
time was 10 m n e atihwe . di gl ri k.en

Péx‘?g?ué? Figl_n E_thAttQngg?é, En& WL Ao POKo PNEAom 300

sufficiently lowVv o] 2 the relative dielectric constant

became 2.29 at 30 g'ga@.e&mé M@éﬁ&g%antéfnw estigeted-LRRL L3006

requires a | onger at” process tine than 350C to obtain a predeterm ned

relative di el ecfpcseenstantveHaWetele tielrmiih ebhPd@ils irkatre ditie the heat
process tenperature is lower, heat has a far smaller i1l effect on a device

20 structsire behembapheptebyl enel presghatl rgjlisitientPresent71gxaplithed) A
heat process was perforned at a heat process tenperature of 380C while
suppl yi ng wat er tyapnty ahea thewteaperaftu@ec0AdEildd (thel ré@dtiiom | i qui d
conversion, 25 along with anmonia gas, into a reaction container. The ot her
condi ti ons wer ecertatnebebthoemesmstadlichose in the present exanple 1.
Measurenment was performed on 24 the relative dielectric constant of an

i nsul ating film thusWbsnaithed reastion Kondraddan keganae stable At ddigt,
the relative dielectric constant of the_ insulating filn1ﬂﬁg¥g.25. 5 Judgi ng

fromthe resul t PEPECREs LBBRRTRGHAG BRSt DRt dhey BFGAetseD 91y

h t lied int ti t ai i wher. i St i
'oTt in Fhe 1 oREPRORCBORERPRERC Rna =1 FTRAChG oo e 5 SUUTD has an

|11 effect on thgel chatiye 10 dielects iy canstant ofan, iisiating film

(Present exanpl experiment “Was conducted, Usl'ng I cal
heat - pr ocessi ng,2pRALAY UBNAKENGHR ieaC AR L UBE FONIEC e @ HidG)erddibe

structure. In this experinent, 15 20 wafers Wwere placed on a wafer boat
as heat processsy of the gas supply control section 50 is opened to
supply ammonia gas into the reaction container at a
15 predetermined flow rate adjusted by the flow rate
adjustment unit 51. Also, the valve 62 of the gas
supply control section 60 is opened to supply water
vapor into the reaction container at a predetermined
flow rate adjusted by the flow rate adjustment unit 6l.
20 After the heat process is performed for a predetermined
time, the valve 57 of the gas supply control section 55
is opened to supply, e.g., nitrogen gas into the
reaction container. By doing so, the interior of the
reaction container is returned to atmospheric pressure,
25 and then the lid body 22 is moved down to transfer out

the wafer boat 28. These serial operations are

performed by the control section 8 in accordance with a



targets. In a first exanple, the pressure in the reaction tube was set at
13.3 kPa, and dinitrogen oxi de gas was supplied at a flowrate of 2 SLM In
a second exanple, the pressure in the reaction tube was set at 20 0.15 kPa,
and hydrogen gas was supplied at a flowrate of 2 SLM In either case, a
heat process (baking) was perfornmed at a process tenperature of 350C for 30
m nutes. No inactive gas was supplied into 4he reaction tube. 25
Measurenent was perforned on the relative dielectric constant of insulating
films thus obtained (a filmto be used as an inter-level insulating filmin
25 an actual product., wafer I he present exanple 1. As a result, the
relationshiplxﬁﬁﬁéﬁF??ﬁ?%%%lS%?%g%éé tenperature and relative dielectric
constant rendered a pl iLngdj ca ' e | - L di nitr oxi de
S gas. and a pl ot | nrELRdachet pedebraepRy Wysprrsl eoul Ul e O

indicated with X4 5%G%aéegeﬂﬁ%§§ bhesegtathopahi pehetwean chheaheat
process tenperature and relative dielectric constant obtained in the

conparative exarpiecd wher camfahiBr O8RS S £StuerebiOppetlier ABdNHYS AGd

ni trogen gas. (Speculation) As showmn in FIG 4, where dinitrogen oxi de gas
or hydrogen gasonms usedi@stiBoggs thaki ther BHgti andpOHMOBNANngas) suppl i ed
into the reaction tube during 15 baking, even though the baking tenperature
was as | ow as 3584;tédesel avrkeadi el esetalgttonsgant eb as iteswakei ng film
formed on a wafer Wbecane | ower than that obtained by a heat process using
ni trogen gas. At-310B) bakimgthenpeatingefiinerearst wighdeekcbcoither2es
constant of an insulating filmwas 2.27 by dinitrogen oxi de gas, and 2.28
by hydrogen gasdesceibe@ophovwfanfi eauger dehydrakiad £o3dgnspéd®n-Such a | ow
relative dielectric constant was obtai ned ynder a baking_tenperature of
400C or |ess, WPEAEEIpREERRabFReFROYSPEBAEFHBPal T8O Sitd £nfl uence on a

device structure forngd_ in advance, as.described above. Although no
exanpleéigre shown mgg?ghdrfg§3éntL» Z%lﬁék ﬁg tenperatures were used in

this case, it can beTﬁgergggﬂggaﬁ?ﬁ%stgﬁtahﬁ%n&%!% by%aQE%IQEFQEE constant

of an insulating filmdecrease an increase i n baking tenperature in

ei ther case whegg,Lhes bﬁ{fﬂnagpﬁefsa%i PHePLRHPEIBA @a8tWAS R bRIeRtIas Of
anmoni a gas. Based on this, it can be estimated that the relative

dielectric consiagit Wkl raksordecseapeaht bhanchhangase iagehakieFFect
tenperature, in the case of dinitrogen oxide gas or hydrogen gas being used

as a catal yti c ageptindOdgasovécenddtogbyevehthad lbegfiebagndnt e, al so
where dinitrogen oxide gas or hydrogen gas is used as a catal ytic agent
gas, thelyel ativerdeel ebfectscondbant specafiicaddlat ithg fimendan be | ower,
and the heat process tenperature can be |lower, as conpared to the 15 case
of nitrogen gascoHeFa@tuabdon| hausheri RECABPFI 8aBPPPRETACAST ditlg tCo Pehe
present invention, where a_pol ysilgxane ga e coatin filn%& rmed on a
Substrate |s heBF¢BPBARLYGELE PoP HAanoi At BF:| BOSE PREGEIERIY FFCR 20 the
inter-level insylati gih cap, have,a_l ow di el ect r.i nst an even if a
| ow heat proces@'@énggr t %L ighﬁsgaper concent%aklo% 5% %%e %Toce%s
atmosphere is set to be preferably from 0.00005 to
20 4.0%, more preferably from 0.00005 to 0.15%.
In this embodiment, the water vapor is supplied
from the outside. 1In practice, however, since the
atmosphere in the reaction container cannot completely
be exhausted, a trace amount of moisture is present in
25 the reaction container. As a consequence, even if no

water vapor is supplied into the reaction container,

an inter-level insulating film with a low dielectric



27 CLAI MS 1. A nethod of processing an organosiloxane film the nethod
conprising: loading, into a reaction container, a substrate 5 with a
coating filmof a polysiloxane base solution applied thereon, the solution
containing a bond of a silicon atomwith a functional group selected from
the group consisting of a nethyl group, phenyl group, and vinyl group; and
10 subjecting the substrate to a heat procggs in the reaction container to
bake the coating film the heat process being performed in a process

at nosphere that includes a catalytic agent gas containing a m xture of

anmoni a and vater, @i, A PLOCESSLENPELAL UL gholhoTh300els k0 400G a2 The

. e
nmet hod accordlrEP?% wherern & process ainosphere has a ammoni a

concentration o . 0 d a co r af,i.0 fr om
0. 00005 to 4.CI§X%%§Q%QT%%é%%?R§a g%%%?dinggggggféigﬁ%?%mﬁgfe?#%%ﬁg process

at mospher e i ncl ydes, aopenia der h¥gdeb50M a8MANLALEAS isuUnBligR] itheo the
reacti on contai ner %urlng the heat process, and the process atnosphere

includes water ge{ivedefnop Mat eas@XFsEiBELi.N hbheoradelily) 25 GO ey
before the heat process. 4. The nethod according to claim1, wherein the

process & nosphere. i ngl yHesappapaiasapdetatrablgehiawed st28cftuom divroni a gas
and water vapor supplied into the reaction container during the heat
process. 5. A netppitlybhgpwetessivagoaniotgatibei rerandoni lcpnteliaaret i#ed
conprising: 5 loading, into a reaction container, a substrate with a
coating fil mofnaegetlysi| oxane base sol ution applied thereon, the solution
containing a bond of a silicon atomw th a functional group selected from
the group consi sti ngAsf r&@IREEEY ISUSPeYp O ThMamPr JiehRsr AME™MARA nyl groups
and subjecting the substrate to a heat Brocess in the reac&jon container to
bake the coatingeRPERRLERE REatDFr BEEEs PERCRE Sp oSS Gich L5 Gsce
at nosphere that ingludes. a a%al tic. .agent s selected fro roup 15
consi stihgy of dpﬁ?é?gﬁﬁﬁlBQﬁd eﬁﬁarﬁ§8?8geﬁ%§§tW§t6F68€ grigb'egh ure of
from300 1o 400G,811 I8e ABLIOd BIBIALNG ! AnflAMl o MARIGI difphiclal V1| ©
agent gas is dln!? 0gen oxide, and the process atnosphere has a dinitrogen
oxi de concentratf@Peafter. Where only water vapor is supplied, the
supply time is set to be, e.g., from 30 seconds to
10 minutes, and preferably from 1 minute to 5 minutes.
15 For example, where the wafer boat 28 accommodates
170 wafers W of 8-inch (including dummy wafers placed
at the top and bottom sides), as a fully loaded number
of wafers thereon, to perform a process, the reaction
container comes to have a volume of from 100 to 250L.
20 For this reaction container, the flow rate of ammonia
gas is set to be preferably from 0.01 SIM to 5 SLM, and
more preferably from 0.1 SLM to 2 SLM. The flow rate
of water vapor is set to be 0.001 CCM to 3 CCM in
liquid conversion flow rate.
25 In order to study the influence of pressure on the

dielectric constant of an inter-level insulating film,

heat processes were performed while using different



20 of from0.004 to 5.0% 7. The nethod according to claimb5, wherein the
catal ytic agent gas is hydrogen, and the process atnobsphere has a hydrogen
concentration of from0.004 to 5.00. 25 8. The nethod according to claimS5,
wherein the catalytic agent gas in the process atnosphere is derived froma
gas supplied into the reaction container 29 during the heat process. 9.
The nmethod according to claim1 or 5, wherjgjn an inactive gas is supplied
into the reaction container during the heat process. 5 10. The nethod
according to claiml or 5 wherein the solution contains polysiloxane by a

nmol ecul ar wei ght. of . 100 OQQ éﬁergg;h%ébﬁﬁﬁﬁgg%%?%gfagg gnkgﬁggagfmgggﬁt

obt ai ned by poﬁﬁﬁ%ﬁ%ﬁ%;ébnver3|on. od according to claim1 or

5, wherein 10 t S [ I ns 0l yishdoxapeat hakrsatishkesn0tBeR Y 2
0.2 (where R de&]n'glsegi%% oér)ﬁpcsl%t);%%' t he n%l?h%/ll%g?gﬁp, %ﬁeﬁ%l ég?oﬁg, orre vi nyl

group, and Y denolgsatom Ghiye St Aue boS heha ]f99é¥§ﬁiréxﬁéﬁé- ob2erhad.

apparatus for processing an organosiloxane 15 film by subjecting a

substrate to a ey PrRseEFs 40y bake @f coapragshibaretiuaepobysobpkane, base
sol ution applied thereon,” the solution containing a bond of a silicon atom

with a functi onglrig DUPr Sk e£é edehis Ophé he, gandppeensiiseihgcobaaedet hyl
group, phenyl group, and 20 vinyl group, the apparatus conprising: a
reaction cont aiqngiossérguney be asednavdabe pPhecsabsernrerhegas supply
system configured to supply an enployed gas into the reaction container,
and including 25 a sWipghyamoonta GasaikfoAPRPgisd into the reaction

container, an inactive gas, such as nitrogen gas, may
be supplied together. This is advantageous if a large

10 . guantity of oxidizing components, such as oxygen, may
be left in the reaction container, because the inactive
gas can suppress the level of oxidizing atmosphere in
oxidizing the coating film, thereby preventing an ill
effect of the oxidizing atmosphere. However, as shown

15 in the experimental examples described later, even if
no inactive gas is supplied along with ammonia gas, no
problem arises in the experiment-level results.
Accordingly, supply of inactive gas is not an essential
factor.

20 As the time period of the heat process, 5 minutes
or more is sufficient for 350°C, as shown in the
experimental examples described later. However, if the
heat process is too long, films disposed on the lower
side may be affected by the thermal history. Accord-

25 ingly, the time period of the heat process is
preferably set at 60 minutes or less.

The vertical heat-processing apparatus described



a heater configured to heat the substrate in the reaction container; and
30 a control section configured to control the gas supply system and the
heat er, wherein, when subjecting the substrate to the heat process in the
reaction container, the control section 5 controls the gas supply system
and the heater to performthe heat process in a process atnosphere that
i ncludes a catalytic agent gas containing g m xture of anmmonia and water,
at a process tenperature of from 300 to 400C. 10 13. An apparatus for
processi ng an organosiloxane filmby subjecting a substrate to a heat
rocess to bake .a coating filmof_a L. ysi Loxan se _sol utj appl ied
Fhereon, t he so?%?Y%ne%%g?%Fn?ha 568§§a¥8ft5ﬁ§i?ngnﬁgfo%\%qJ%%gﬁ%ﬁk i ona
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group, and vinyT “group, fhe apparatus cofnprising: réaction contai ner

configured to aewgggQg%a?snﬁgﬁswaae's_iﬁg%st%_eplsxr%&h%@,cwm!c@luri%d to

supply an 20 enplo as into the reaction container, and including a

supply source ofxRa986c8ekeshedntr eapthe group consisting of dinitrogen
oxi de and hydrogen; a heater configured to heat the substrate in the

reaction gontainer; aRdo28iagCent £k sseabodn meanf,i giied 4 paloidxdre gas
supply system and the heater, wherein, when subjecting the substrate to the
heat 31 processséncbheingactimnieobtaiedetp tthemcant rneltexedtevel control s
the gas supply system and the heater to performthe heat process in a
process at nosphensuthbingntlluesammoatial phidc wagemt (yasgegelveeoad from t he
group 5 consisting of dinitrogen oxide and hydrogen, at a process
tenperature of $uppl3ed ibtaoble rgacthenagpatainsra®&or@ilsture dieditm 12 or
13, wherein the gas supply systemincludes a supply source of an .inactive
gas, and the cohlrBhResEERFBACRORPRERINEH ) t RECFEs o GFbRY Y&y§t @8 supply an
i nactive gas intg t he égaction cggtain ring the heatcproces

ARP
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Ca]Ca]Ca]Ca]Ca]ﬁ@&%aﬁgébggkcﬁékﬁgﬁgéure is low, or the heat process
time (baking time) is short, the baking reaction
sufficiently proceeds, thereby obtaining an inter-level
15 insulating film with a low dielectric constant.
Accordingly, it is possible to provide properties of an
inter-level insulating film required for devices in a
generation having a pattern line width of 0.10 um, such
as a dual-damascene structure. Furthermore, it is
20 possible to prevent a device structure formed in
advance from being affected by heat.

Next, an explanation will be given of a method of
processing an organosiloxane film according another
embodiment of the present invention. In this embodi-

25 ment, dinitrogen oxide (N»0) gas or hydrogen (Hp) gas
is used, instead of ammonia gas, as a gas supplied from

the first gas supply line 5 into the reaction tube 1.
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this case, it is though that the following catalytic
agent causes dehydration condensation-polymerization
reaction, as described above. Where dinitrogen oxide
15 gas is used, the dinitrogen oxide gas, which is a kind
of acid, itself works as the catalytic agent. Where
hydrogen gas is used, the hydrogen gas, which is a kind
of acid, itself works as the catalytic agent. This
condition allows a process to reduce the activation
20 energy necessary for obtaining an inter-level
insulating film. As a consequence, even if the baking
temperature is low, or the baking time is short, the
baking reaction sufficiently proceeds.
The concentration of dinitrogen oxide gas or
25 hydrogen gas in the process atmosphere in the reaction
container is set in light of factors to obtain the

catalytic agent effect described above and to prevent
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i1l effects on the target objects. More specifically,
where dinitrogen oxide is used as a catalytic agent
gas, dinitrogen oxide concentration in the process
atmosphere is set to be preferably from 0.004 to 5.0%,
5 more preferably from 0.04 to 2.0%. Where hydrogen is
used as a catalytic agent gas, hydrogen concentration
in the process atmosphere is set to be preferably from
0.004 to 5.0%, more preferably from 0.04 to 2.0%.
Where dinitrogen oxide gas or hydrogen gas is

10 used, heat process conditions are as follows: The
baking temperature is set to be preferably 400C or
less, and more preferably 380C or less. In light of
baking of a coating film, the baking temperature is set
to be 300°C or more. The baking time is set to be

15 preferably from 5 minutes to 60 minutes, and more
preferably from 10 minutes to 30 minutes. The pressure
in the reaction tube 1 during baking is set to be
preferably from 0.00039 kPa to 101.3 kPa, and more
preferably from 0.15 kPa to 90 kPa.

20 As described above, where the reaction container
accommodates 170 wafers W of 8-inch, the reaction
container comes to have a volume of from 100 to 250L.
For this reaction container, the flow rate of
dinitrogen oxide gas is set to be preferably from

25 0.01 SILM to 5 SIM, and more preferably from 0.1 SIM to
2 SLM. The flow rate of hydrogen gas is set to be

preferably from 0.01 SIM to 5 SLM, and more preferably
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from 0.1 SILM to 2 SIM. Both dinitrogen oxide gas and
hydrogen gas may be supplied together.
Furthermore, when dinitrogen oxide gas or hydrogen
gas is supplied, or dinitrogen oxide gas and hydrogen
5 gas are supplied, into the reaction container, an
inactive gas, such as nitrogen gas, may be supplied
together with the former gas.
(Present example 1)
An experiment was conducted, using a vertical
10 heat-processing apparatus having a reaction tube formed
of a single-tube structure. In this experiment,
20 wafers W were placed on a wafer boat as heat process
targets. The pressure in the reaction tube was set at
13.3 kPa, and ammonia gas was supplied at a flow rate
15 of 2 SLM. Heat processes (baking) were performed at
six different heat process temperatures of 300°C, 330%C,
340°C, 350°C, 380°C, and 420°C, each for 30 minutes. No
water vapor was supplied into the reaction tube.
The molecular weight of polysiloxane in a solution
20 (coating liquid) applied on each wafer W was 820,000 in
weight-average molecular weight obtained by polystyrene
conversion. The ratio (CH3/Si) of methyl group
atomicity relative to silicon atomicity in polysiloxane
was 0.5. Then, measurement was performed on the
25 relative dielectric constant of insulating films thus
obtained (a film to be used as an inter-level

insulating film in an actual product wafer). As a
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result, the relationship between the heat process
temperature and relative dielectric constant rendered a
plot indicated with “A” in FIG. 2.
For the measurement of the relative dielectric

5 constant, an aluminum electrode pattern was formed on
an obtained insulating film to prepare a sample. Then,
the relative dielectric constant of the insulating film
sample was measured by a CV method, at a frequency of
100 kHz, using “HP16451B electrode and HP4284A

10 precision LCR meter” manufactured by Yokogawa-Hewlett-

Packard Co.

(Comparative example 1)

Instead of ammonia gas, nitrogen (No) gas was
supplied at a flow rate of 10 SLM. Heat processes

15 (baking) were performed at three different heat process
temperatures of 300C, 380°C, and 420°C, where the
process time was 30 minutes at 300°C and 380C, and
60 minutes at 420°C. The other conditions were set to
be the same as those in the present example 1.

20 Measurement was performed on the relative dielectric
constant of insulating films thus obtained, as in the
present example 1. As a result, the relationship
between the heat process temperature and relative
dielectric constant rendered a plot indicated with “O”

25 in FIG. 2.

(Speculation)

It is thought that, where an inter-level
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insulating film has a relative dielectric constant of
2.3 or less, the film is well prepared to handle a high
operation speed. A method according to the present
invention makes it possible to attain an expected
5 relative dielectric constant, even where a temperature
as low as 300C is used. 1In other words, looking only
at the relative dielectric constaht, it 1s possible to
obtain an excellent insulating film with a very low
relative dielectric constant, where the heat process
10 temperature is set at 420C. If the temperature is too
high, however, a device structure formed in advance is
affected, thereby hindering a process using dual-
damascene to manufacture a device having a multi-
layered structure. Accordingly, it is likely necessary
15 to set the heat process temperature at 400C or less.
Where ammonia gas was used, the insulating film
showed a relative dielectric constant far smaller than
that of a conventional case where nitrogen gas was
used, at the same heat process temperature of 380°C or
20 less. Where nitrogen gas was used, a heat process
temperature of about 400°C or more was needed to attain
a relative dielectric constant of 2.3 or less. Judging
from these results, it has been found that a method
according to the present invention can lower the heat
25 process temperature, and provide a far better result,

as compared to the case of nitrogen gas being used.
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Heat processes were performed at a heat process
temperature of 300C for two different heat process
times of 30 minutes and 60 minutes. The other

5 conditions were set to be the same as those in the
present example 1. Measurement was performed on the
relative dielectric constant of insulating films thus
obtained, as in the present example 1. As a result,
the relationship between the baking time and relative

10 dielectric constant rendered a plot indicated with “O~
in FIG. 3.

(Present example 3)

Heat processes were performed at a heat process
temperature of 350C for three different heat process

15 times of 10 minutes, 20 minutes, and 30 minutes. The
other conditions were set to be the same as those in
the present example 1. Measurement was performed on
the relative dielectric constant of insulating films
thus obtained, as in the present example 1. As a

20 result, the relationship between the baking time and
relative dielectric constant rendered a plot indicated
with “H” in FIG. 3.

(Present example 4)

Heat processes were performed at a heat process

25 temperature of 380°C for two different heat process
times of 10 minutes and 30 minutes. The other

conditions were set to be the same as those in the
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relative dielectric constant of insulating films thus
obtained, as in the present example 1. As a result,
the relationship between the baking time and relative
5 dielectric constant rendered a plot indicated with “A”
in FIG. 3.
(Speculation)
As shown in FIG. 3, a higher heat process
temperature resulted in a lower relative dielectric
10 constant of an insulating film for the same heat
process time. At 350°C, even through the heat process
time was 10 minutes, the relative dielectric constant
took on a sufficiently low value of 2.25. At 300°C, the
relative dielectric constant became 2.29 at 30 minutes.
15 Accordingly, it is estimated that 300°C requires a
longer heat process time than 350C to obtain a
predetermined relative dielectric constant. However,
it is thought that, where the heat process temperature
is lower, heat has a far smaller ill effect on a device
20 structure below an inter-level insulating film.
(Present example 5)
A heat process was performed at a heat process
temperature of 380°C while supplying water vapor at a
flow rate of 0.0001 IM (0.1 CCM) in liquid conversion,
25 along with ammonia gas, into a reaction container. The
other conditions were set to be the same as those in

the present example 1. Measurement was performed on
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5 Judging from the result, it has been found that
water vapor does not necessarily have to be supplied
into a reaction container in a case where moisture is
left in the reaction container, and, if anything,
excessive moisture has an ill effect on the relative

10 dielectric constant of an insulating film.

(Present example 6)

An experiment was conducted, using a vertical
heat-processing apparatus having a reaction tube formed
of a single-tube structure. In this experiment,

15 20 wafers W were placed on a wafer boat as heat process
targets. In a first example, the pressure in the
reaction tube was set at 13.3 kPa, 'and dinitrogen oxide
gas was supplied at a flow rate of 2 SIM. 1In a second
example, the pressure in the reaction tube was set at

20 0.15 kPa, and hydrogen gas was supplied at a flow rate
of 2 SLM. 1In either case, a heat process (baking) was
performed at a process temperature of 350C for
30 minutes. No inactive gas was supplied into the
reaction tube.

25 Measurement was performed on the relative
dielectric constant of insulating films thus obtained

(a film to be used as an inter-level insulating film in
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temperature and relatlve dielectric constant rendered a
plot indicated with “€@” in FIG. 4 for dinitrogen oxide
5 gas, and a plot indicated with “O% in FIG. 4 for
hydrogen gas. A plot indicated with “O” in FIG. 4
denotes the relationship between the heat process
temperature and relative dielectric constant obtained
in the comparative example 1 where heat processes were
10 performed, using nitrogen gas.
(Speculation)
As shown in FIG. 4, where dinitrogen oxide gas
or hydrogen gas was used as a gas (baking reaction
promotion gas) supplied into the reaction tube during
15 baking, even though the baking temperature was as low
as 350°C, the relative dielectric constant of an
insulating film formed on a wafer W became lower than
that obtained by a heat process using nitrogen gas. At
this baking temperature, the relative dielectric
20 constant of an insulating film was 2.27 by dinitrogen
oxide gas, and 2.28 by hydrogen gas, i.e., both of
which were as low as 2.3 or less. Such a low relative
dielectric constant was obtained under a baking
temperature of 400°C or less, which is preferable in
25 consideration of its influence on a device structure
formed in advance, as described above.

Although no examples are shown where different
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baking temperatures were used in this case, it can be
seen from FIG. 2 that the relative dielectric constant
of an insulating film decreased with an increase in
baking temperature in either case where the baking
5 reaction promotion gas was nitrogen gas or ammonia gas.

Based on this, it can be estimated that the relative
dielectric constant will also decrease with an increase
in baking temperature, in the case of dinitrogen oxide
gas or hydrogen gas being used as a catalytic agent

10 gas. Accordingly, 1t has been found that, also where
dinitrogen oxide gas or hydrogen gas is used as a
catalytic agent gas, the relative dielectric constant
of an insulating film can be lower, and the heat
process temperature can be lower, as compared to the

15 case of nitrogen gas being used.

Industrial Applicability
According to the present invention, where a

polysiloxane base coating film formed on a substrate is
heat-processed to form an inter-level insulating film,

20 the inter-level insulating film can have a low
dielectric constant, even if a low heat process

temperature is used.
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5 with a coating film of a polysiloxane base solution

applied thereon, the solution containing a bond of a
silicon atom with a functional group selected from the
group consisting of a methyl group, phenyl group, and
vinyl group; and

10 subjecting the substrate to a heat process in the
reaction container to bake the coating film, the heat
process being performed in a process atmosphere that
includes a catalytic agent gas containing a mixture of
ammonia and water, at a process temperature of from 300

15 to 400°%C.

2. The method according to claim 1, wherein the
process atmosphere has a ammonia concentration of from
0.004 to 5.0%, and a water concentration of from
0.00005 to 4.0%.

20 3. The method according to claim 1, wherein the
process atmosphere includes ammonia derived from
ammonia gas supplied into the reaction container during
the heat process, and the process atmosphere includes
water derived from water existing in the reaction

25 container before the heat process.

4, The method according to claim 1, wherein the

process atmosphere includes ammonia and water derived
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from ammonia gas and water vapor supplied into the
reaction container during the heat process.

5. A method of processing an organosiloxane film,
the method comprising:

5 loading, into a reaction container, a substrate
with a coating film of a polysiloxane base solution
applied thereon, the solution containing a bond of a
silicon atom with a functional group selected from the
group consisting of a methyl group, phenyl group, and

10 vinyl group; and

subjecting the substrate to a heat process in the
reaction container to bake the coating film, the heat
process being performed in a process atmosphere that
includes a catalytic agent gas selected from the group

15 consisting of dinitrogen oxide and hydrogen, at a
process temperature of from 300 to 400C.

6. The method according to claim 5, wherein the
catalytic agent gas is dinitrogen oxide, and the
process atmosphere has a dinitrogen oxide concentration

20 of from 0.004 to 5.0%.

7. The method according to claim 5, wherein the
catalytic agent gas is hydrogen, and the process
atmosphere has a hydrogen concentration of from 0.004
to 5.0%.

25 8. The method according to claim 5, wherein the
catalytic agent gas in the process atmosphere is

derived from a gas subplied into the reaction container
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during the heat process.

9. The method according to claim 1 or 5, wherein
an inactive gas is supplied into the reaction container
during the heat process.

5 10. The method according to claim 1 or 5, wherein
the solution contains polysiloxane by a molecular
weight of 100,000 or more in weight-average molecular
welght obtained by polystyrene conversion.

11. The method according to claim 1 or 5, wherein
10 the solution contains polysiloxane that satisfies 0.9 =2
R/Y 2 0.2 (where R denotes atomicity of the methyl
group, phenyl group, or vinyl group, and Y denotes
atomicity of Si, both in polysiloxane).
12. An apparatus for processing an organosiloxane
15 film by subjecting a substrate to a heat process to
bake a coating film of a polysiloxane base solution
applied thereon, the solution containing a bond of a
silicon atom with a functional group selected from the
group consisting of a methyl group, phenyl group, and
20 vinyl group, the apparatus comprising:

a reaction container configured to accommodate the
substrate;

a gas supply system configured to supply an
employed gas into the reaction container, and including

25 a supply source of ammonia gas;
a heater configured to heat the substrate in the

reaction container; and
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wherein, when subjecting the substrate to the heat
process in the reaction container, the control section
5 controls the gas supply system and the heater to
perform the heat process in a process atmosphere that
includes a catalytic agent gas containing a mixture of
ammonia and water, at a process temperature of from 300
to 400%C.

10 13. BAn apparatus for processing an organosiloxane
film by subjecting a substrate to a heat process to
bake a coating film of a polysiloxane base solution
applied thereon, the solution containing a bond of a
silicon atom with a functional group selected from the

15 group consisting of a methyl group, phenyl group, and
vinyl group, the apparatus comprising:

a reaction container configured to accommodate the
substrate;
a gas supply system configured to supply an

20 employed gas into the reaction container, and including
a supply source of a gas selected from the group
consisting of dinitrogen oxide and hydrogen;

a heater configured to heat the substrate in the
reaction container; and

25 a control section configured to control the gas
supply system and the heater,

wherein, when subjecting the substrate to the heat
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process in the reaction container, the control section
controls the gas supply system and the heater to
perform the heat process in a process atmosphere that
includes a catalytic agent gas selected from the group

5 consisting of dinitrogen oxide and hydrogen, at a
process temperature of from 300 to 400C.

14. The apparatus according to claim 12 or 13,
wherein the gas supply system includes a supply source
of an inactive gas, and the control section controls

10 the gas supply system to supply an inactive gas into

the reaction container during the heat process.



