WO 02/ 03442 PCT/JPOL/ 05578 DESCRI PTI ON FABRI CATI ON PROCESS OF A
SEM CONDUCTOR DEVI CE BACKGROUND ART .5 The present invention generally

relates to nductor devices and nore particularly t @% j cation
process of vgéﬁ@;aﬁ onduct or* devi ce having a nul ti-l-ayer #e]?%gﬁn J(f:dtion
structure that uses a lowdielectric organic spin-on i nsul ation filmfor
an 10 interlayer insulation film Wth the progress in the art of high-
_resolution lithography, |eading-edge seg 5§$§; @r integrated circuit

devi ces of these days include enornous nunber oOf sem conductor devices on
a 15 substrate. |In suclFABRILATEONSBROCRES] @ &r SEMICONRIIGIPR DENEQEt devi ces,
the use of a single interconnection layer is not sufficient for

i nterconnecting the semniconductor devices on. the substrate., and it is..
practiced to provi CRAGKGROUND AREr i nterconnection 20 structure on the

substrate, wherein a nultila 59 es.a
plurality of i ﬁst er connect i o#ﬁléagiégésé{sﬂfggﬁ%%ttvﬁ t ha%%é%ﬂeﬁ feﬂ\%&#ﬁ- to
i nt erveni ng i nt er | ayemidaomsidcipicndevitess andymoreubarticulidmrdyetpsaan

nuensive effort  ZEaSBatderegard 46 o Wenitohiahl ek Wdlodamaeane

process in the art erconnection ructuré in
typi cal dual danasc@rmlibnd@e@g iphercpimealiions s§puctird d:hﬂtngsgsoeves and

i er connect | on pat TR EELe) BEREEd Bl o e e e |
patterns to for a | 1'hg He grooves and the
contact hol es ¥y alnkexhavemdnsulatrien fidm.ormthe desired
With the progress in the art of high-
resolution lithography, leading-edge semiconductor
integrated circuit devices of these days include
enormous number of semiconductor devices on a
15 substrate. In such advanced semiconductor integrated
circuit devices, the use of a single interconnection
layer is not sufficient for intercomnecting the '
semiconductor devices on the substrate, and it is -
practiced to provide a multilayer interconnection
20 structure on the substrate, wherein a multilayer
interconnection structure includes a plurality of
interconnection;layers stacked with each other with
intervening intérlayer insulating films.
Particularly, there is an intensive effort
25 made with regard to the so-called dual-damascene
process in the art of multllayer 1nterconnection
:1-structure in which a typical dual-damascene processj:7.
 includes the steps of formlng grooves and contact -
holes in an interlayer insulating film in
30 correspondence to the interconnection patterns to be
formed, and filling the grooves and the contact holes
by a conducting material to form the desired

-interconnection pattern.



I nterconnection pattern. WO 02/03442 PCT/JP01/05578 - 2 \Wile there exist
various nodifications in the dual -damascene process, the processes in

FIGS. A - womesaesent a typical conventional dual - damasp@mpoi/gssmcess used
for formng a multilayer interconnection 5 structure. Referring to FIG 1A,
a Si substrate 10, carrying thereon various?seni conductor device elenents

such as MOS. (Metal -Oxide-Silicon) transistors not illustrated, is covered
by an 10 interlayer insulatingnfid Fﬂhbl_»esuﬁhsaaraeu@@ ﬁshﬁﬂi@aimn\éaﬂﬁr
Deposition)-Si02 film and_the interlayer insylati ng filmll (;(?;I‘I‘I es
thereon an i nterconﬁ’@@t A¥RL-daRasGeRe) PROCEES 5 ProEeRgeR L1 HHCS-fié

i nt erconnection patteng i'aﬁré§emd§@dchm aomﬂeﬁtlbiaunaﬁai@aﬁasmul ating
film212B formed on the interl sulatin 11, an an etchln
stopper film 13 of %Pﬂ?sﬁnﬂs?%efeq’? E‘gp‘?g%]d:égj radnEgreqnnngt ﬂe
i nt er connecti on pat tsefriactdfeand the i nterl ayer insulating film12B form ng
o0, 20 1 erconnect on 12Ver el es! £ B SOOI Wl 1 LUTh 1S
insulating film 14 |chrrgangrEﬁebabmnmtrhensegammmppedeﬂd:gn 15. In the
Ly strat e exarml o kgt Syl A ! R PSRN * 09 M0
16 is covered by a rmoahsé.stbramo'stidp.msltrétém lils cﬁvereﬁchym}l stopper filns
15 and. 17 are qESC)fﬁﬂ igyg§ "h rf%ﬂn%%kfllm 11 such as a CVD (Chemical
Vapor Deposition)—-Si0z; £ilm, and the interlayer
insulating f£ilm 11 carries thereon an interconnection
pattern 12A. It should be noted that the
interconnection pattern 122 is embedded in a next
15 interlayer insulating f£ilm 12B formed on the
interlayer insulating £ilm 11, and an etching stopper
film 13 of SiN, and the like, is provided so as to
cover the interconnection pattern 12A and the
interlayer insulating film 12B forming an
20 interconnection layer 12. The etching stopper film 13,
in turn, is covered by another interlayer insulating
film 14, and the interlayer insulating film 14 is
covered by another etching stopper f£ilm 15.
In the illustrated example, there is a
25 further interlayer insulating film 16 formed on the
etching stopper film 15, and the interlayer
insulating film 16 is covered by a next etching
stopper film 17. The etching stopper films 15 and 17
are also called as "hard mask."
30 In the step of FIG.1A, a resist pattern 18
is formed on the etching stopper f£ilm 17 with a
resist opening'18A formed in correspondence to a

desired contact hole by a photo;ithographic



30 In the step of FIG 1A, a resist pattern 18 is forned on the etching
stopper film17 with a resist opening 18A fornmed in correspondence to a
desired CQRY @fba 4ol e by a photolithographic WO 02/ 03442%diahotJi3ed/ 05578 - 3
patterning process, and the etching stopper film1l7 1is renoved by a dry

et ching process while using the resist pa¥tern 18 as a mask. As a result,
there is formed an opening correspondirig to the desired 5 contact hole in
the etching StoPDedid:Riid pPodlss | BnltNens | SbiingbBodBer thau aber | ayer
|nsulat|ngf|Im1 ylngt he €t chi ng st opper. ilm17 is subjected to
a reactive ion et@*ﬁ ngeRF—‘E)pr? dl:‘é%?tcahﬁgam"?ﬁ?éﬁﬁ WBi.lLBAusfjé‘gf ('#‘ﬁed in the

10 interlayer insylafisadphtt8idbid hsCar ngsRONdeRC ees@l1t] hendiRsiised contact
hole... Further, the resist pattern is renpved. In thgecase the interlayer

insul ation fil m HermedaanopRemiRg fGarrespeRdingta the: 88819  renpved

si mul t aneously &t 0 d i aSiCRoRE B4 ChHeN@tthAend OstdppRid rﬁem 1115ul ation. film16
to formthe contact hole 16A. Next, in the ste of & aresist film
[

19 is formed on the struct uNexbs ’F}thBStﬁﬂff G.1Bsj SheINLREigYPE
- patterned subsequeiiduiaitinkheishers Addekliidy Hhd\etahphot stdgdpeagr aphi c

patterning process  so_as.to forma resist ni ng ,19A espoading to a
desired. interconrfdd® dd p5t subjected r@sﬁ?getolfvefgﬁ'gn Fgf'ir’lrh (%'H? t he

resi st opening 19@:&&%@paﬁan@n J&p‘bnmg 18R istfydmdeini tel ating film 16
i s exposed 25 in the ste t et s st | @ 17 exposed
by the resist Jd’perf’r %eﬁnanflﬁ :Lng Q?le fé] {'19 corr%gBSBder{ée T

the desired contact hole. Further, the resist pattern

is removed. In the case the interlayer insulation
film 16 is an organic f£ilm, the resist pattern is
removed simultaneously to the step of etching the

15 interlayer insulation film 16 to form the contact
hole 16A. - _

Next, in the step of FIG.1C, a resist film
19 is formed on the structure of FIG.1B, and the
resist film 19 is patterned subsequently in the step

20 of FIG.1D by a photolithographic patterning process
so as to form a resist opening 19A corresponding to a
desired interconnection pattern. As a result of the
formation of the resist opening 19A, the opening 16A
in the interlayer insulating film 16 is exposed.

25 In the step of FIG.1D, the etchings stoppef
film 17 exposed by the resist opening 19A and the
etching stopper film 15 exposed at the bottom of the
opening 16A are removed by a dry etching process
while using the resist film 19 as a mask, and the

30 interlayer insulating film 16 and the interlayer
insulating film 14 are patterned simultaneously in
the step of FIG.lE. As a result of the patterning,

there is formed a opening 14A corresponding to the

1



et ching stopper film 15 exposed at the bottomof the opening 16A are
renoved by a dry etchi ng process while using the resist film19 as a mask,

and the 30 iwdeidsager insulating film 16 and the interl ay$E.mhﬂm§7§t| ng
film14 are patterned swrultaneously in® the step of FIG 1 a result of

the patterning, there is formed a openi ng—14A-corresponding to the 1111 WO
02103442 PCT/ JPOL/ 05578 . 4 desired interconnection groove in the

interlayer insulatidusifdddNih®erEbfnREHn" r&é&elﬁfﬁ{mﬁt\%m 0 include
t he opening 16A. Next, in the step of FIG IF, the etchin opper film

13 exposed at the coMtSHeHidgeTidn 16 Thenppenipg L6B RISE%BF@%@s%O amusi ng

exposure of the int&y cererle @RePepdrlimgy 18A. After this, the
i nt erconnecti on groove 16A and the opening 14A are fill ed with a conduct or

| ayer such as an Al layer or Ne#tg %&théyéﬂ'-epv\ﬂgrgﬁ kFhe thengteR 19 | ayer is

subsequent |y subjsctsabpgpern fahaNi 8 aéxgBaearatChe Sttt B816CGMA ¥ Ocess,
to forman interconnectio attern 20 in electrical contact with the

under | yi ng i nt er corfrfRAi%h PYafPeRIE PESRCSSEa FRBSLRG (POSHER OF gthe 15
| nt er connecti on pat tmcmfrmbht&dnqwl:ﬁ‘&w bbal axersr AR, benéor ned

simlarly by repeating the for n rogess s&e Meanwhi | e
conventional sem condtt o™ &&gg %‘ffs"e’&cﬁrgév%ﬂ I&%éﬂ%@@r%zﬁcﬁi’%enm ty
and 20 hi gh perf or ntilidedwirhnaatondititog Lhgedesh@n dsukg. aAHOVEYSY o he use
of st ; ;g\g Jest oy Ul dYabRe,  DRer P R L8hatBEE £ A3, EOr connection.
: subsequently subjected to a chemical mechanical’
polishing (CMP) process, to form an interconnection
pattern 20 in electrical contact with the underlying
interconnection pattern 12A wvia the contact hole 14a.
15 Interconnection patterns of third and fourth layers
can be formed similarly by repeating the foregoing
Process steps.
Meanwhile, conventional semiconductor
~device has achieved large integration density and
20 high performance by miniaturizing the design rule.
However, the use of strict design rule invites the
problem of increased interconnection resistance and
inter-wiring capacitance, and there is emerging a
situation in which Ffurther improvement of performance
25 is difficult as long as conventional interconnection
material is used. Thus, investigations are being made
these days with regard to the use of low-resistance
Cu for the interconnection material and further with
regard to the use of low-dielectric material for the
30 interlayer insulation film so as to reduce the
interconnection capacitance.
Particularly, recent advanced semiconductor

1ntegrated circuits tend to construct the multllayer



inter-wiring capacitance, and there is energing a situation in which
further inprovenent of performance 25 is difficult as |long as converiti onal

i nterconnged dafpaazmat erial is used. Thus, investigati onsp@r@oidds?ag nmade
these days wth regard to the use of lowresistance Cu for the

i nterconnection material -and further with 3regard to the use of

| ow-dielectric material for the 30 interlayer insulation filmso as to

reduce the intergeRaeebhREcCaRAGaBeere ASY isinyath YhavBReRA! advanced
sem conductor integrated circuits tend to, construct the rrultllzéé

02/ 03442 PCT/JPOllwstesisﬂrﬂaéllé’oﬁﬁ@cf?%#?tﬁ‘\cﬁc?ﬁrEh% yaresigL EhaV| ng a

characteristical | ypHeOWnt8SbSHER oASphPEefRiAl ipahcofof t he interconnection
pattern in place of conventionally used A, in cgnbl nation with a low5

di el ectric interl &Paventhepaliy b’ﬁ"efil Ay 15 sempigption P @ d8¥hr ocess. In
view of the fagt tdialiebReidunltedaapeeentsulytions £ibnplisy veg logf are incl udes
a COW process, the |lowdielectric material used in such a dual damascene.
1o process is req@ABFCPBeHRRASSET-excel | ent mechanical property with

regard to shear and conpresmi Waest bESshe Ptk hatethd hisdlomlaniasceaneli tion to
one of the most 1 MEGEEaR: SFeiABRe PRAGHT T IIe o E B ass P
i nsul ation film uSet-dieedtsic danestahcused doessch| a disl cagascénd? or
e Sncl e S D e i,
property with regard to shear and compre331ve stress,
and hence adhesion, in addition to the required small
inter-wiring capacitance. This mechanical strength is
~one of the most important factors required for a low-
15 dielectric insulation f£ilm used in a dual damascene
process.
In the event SiO; or BPSG is used for the
interlayer insulating film as in the case of
donventional multilayer interconnection structures,
20 it should be noted that the specific dielectric
constant of the interlayer insulating film generally
takes. a value of 4 - 5. This value of the specific
~dielectric constant can be reduced to 3.3 - 3.6 by
using a F (fluorine)-doped SiOz film called FSG.
25 Further, the value of the specific dielectric
constant can be reduced 2.9 - 3.1 by using an SiO:
£film having a Si-H group in the structure thereof
such as an HSQ (hydrogen silsesquioxane) film.
Further, the use of an organic SOG or organic
30 insulating film is proposed. In the case an organic
SOG is used, it becomes possible to reduce the
specific dielectric constant to below 3.0. Further,

the use of an organic insulating film can realize a

- o



20 it should be noted that the specific dielectric constant of the
interlayer insulating filmgenerally takes.a value of 4 - 5. This val ue of

the specifigqedhfuectric constant can be reduced to 3.3 -pcdyfotiss7gUsing a F
(fluorine) -80peﬁ Sio2 fiFmcalled FSG' 25 Further, the vaq?]‘ue of the

specific dielectric constant can be reduced 29 - 3.1 by using an Si 02
filmhaving a Si-H group in the structure thereof such as an HSQ (hydrogen

si | sesqui oxane) fil @tiﬁri%ﬁ‘ér 0221456 Qe PletHiQPRLA s BER Ob s ERR! ¢ 30
oposed. |

. 0
insulating filmis pr n. the case an organic SOGis.used, it
becones-possi bl e to reduce tfhesgpderiiéelectirdse dingerbagernningud-asdpaw 3. 0.

Further, the use Of¢;3fs06 8% danidS $halliPIcdn I8 $8RmEEAE L Efesd BY0202/ 03442
~PCT/JP01105578 - .6 still lower specifiT dielectric constant of about 2.7.

These | owdi el ect ri PYrALEEIREPD PFogrRasi 0F 2 MYaseacfVBrBseress &% By can be

formed either bysa spYyhObY!pfode¥d,PiREeESn Obhe? RHASBR FMELIPIRIS0T a 5
spi n-on process, wherein the spin-on process haS a distinct advantage of

| arge degree of freddsHingt aveedras PhelawdeitdegireroPhi FELeIRRM ilBsul ati ng

material over the GYRRIAGAER Soludddht EOMidy Hhe 2HYATLENG Aatekange
t hroughput. 10 Nornmal |y, Spi n-coating process ,starts _with a step of

a »
setting a silicon s@¥&Frike ProseRs . coR 1 difienc kasthy atw@ntagrontt o

forma filmof the iaewedtbsfdhpud.i nterlayer insulation material of
organic famly gn the silicon subﬁ_trate whil e 15 spinning the substrate.

The silicon subdPrate is t hedoTR et BdSPHR LRGP PHGPHPOTES SHagts

evaporating the with a step of setting a silicon substrate on a spin

coater and causing a solution to form a £ilm of the
low-dielectric interlayer insulation materxial of
organic family on the silicon substrate while

15 spinning the substrate. The silicon substrate is then
subjected to a drying process for evaporating the
solvent from the film, and a curing process is
applied in a heat treatment apparatus, which may be
selected from a hot plate, a furnace or a lamp

20 according to the need. As a result of the final
thermal curing process, a solvent—insoluble, highly
cross-linked insulation f£film is obtained.

. In the case of forming a multilayer

interconnection structure by a dual damascene process

25 while using low-resistance Cu, it is important to use
a CMP process in view of the difficulty of applying a
dry etching process to Cu. In relation to the use of
the CMP process, there arises a problem, particularly
when an organic insulation film is used, in that the

30 organic insulation film has a poor adhesion

characteristic.

DISCLOSURE OF THE INVENTION




solvent fromthe
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accor di n8yd erdshe
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t he case of form

a CWP process in view of tﬂ@cgid{ﬂgq_til tﬂ;oj_s ad)[l_}éﬂeliglaobjjé& QIeChhBg process
to Cu. Inrelation to the use of th groc Ss, there arises a problem
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film and a curing process is applied in a heat treatnent
may be selected froma hot plate, a furnace or a'lanp 20

need. As a result_of the final therngdfidiisas Process,

e, highly <cross-linked insulation filmis obtained.

In

ng a nultilayer intertohnection structure by -a dual
damascene process 25 while using lowresistance Cu, it is inportant to use

2/ 03442 .- -- PCT/JP01/05579 7 - Accordingly,
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I nt erconnection stru k t her .ob ect f...the _present invention is
to provide a netHoG " gF% %rm%l"a? aé y5884 ¢h g‘tt&} 2¥&Yice, conprising the ~

steps of: -- fornintgraochnestiomsstimctonefil mon.a --- substrate by a

spi n-on pr 0Cegs;

15

15 appl YAlGrdlr h5LBE: o3 Brebne A ddtith 1577

to provide a method of fabricating a semiconductor

device, comprising the steps of: -

forming a first insulation f£ilm on a -

substrate by a spin-on process; . -
applying a curing. process to said first

insulation film at a temperature of 380 - 500°C over

. @ duration of 5 — 180 seconds; and

. forming a second insulation film on said

'first insulation film by a spin-on process.

20

25

30

Another object of the present invention is-

to provide a method of fabricating a semiconductor
device, comprising the steps of: . -

forming a first insulation film on a
substrate by a spin—on process; .

applying a curing process to said first
insulation film at a temperature of 380 - 500°C over
a duration of 5 - 180 seconds; S

forming a second insulation film on said
first insulation film by a spin—on process;

patterning said second insulation film to
form an opening therein; and _ -

etching said first insulation film while

using said second insulation film as a mask.



insulation -filmat a tenperature of 380 - 500C over a duration of 5 - 180
seconds; and forming a second insulation filmon said first insulation
filmby a sKowmiasPpr ocess. 20 Anot her object of the presesdr/roMests on i s--
- to provide a nmethod of fabricating a sem conductor device, conprising
the steps of: forming a first insulation fi$mon a - substrate by a

spi n-on process.; 25 applying a curing process to said first insulation

filmat a tenperature of 380 ac&fIMingVeb tRe Pretfn®nififedtion S8G&nweconds;
formng a second insulation. filman said. first insulation

filmby.a_spin-on pPdtgsion of jge, owsaielectriq angapig iRgHaRkiTh filmto
form an opening t hergif; ofnsrdthattid@groapdisi ifdrdvedtbgt bpbihiditgiMthee
usi ng said second insulation fjlmas mask. |1, A IR . WO 02/03442

PCT/ JPO1/ 05578 -.8°“)5i&88ra‘?ﬁ*él"t’&’i-hé“%ﬁﬁes@ﬁt“?’rﬂﬁeﬁwan?nt‘Pﬁéga%esi on of
the | owdi el ectrisc thamhﬁiémzﬂlm 13@N ahfnhlmmyeaf diteireofihediids | Aproved
by optim zing the cyring condjtion. Thus, usi,n uch an_organic 5
insulation filmin a"'%r’FHF‘rFF%ye?h? rﬁr}'eﬁlgoﬂ%eEﬁ%/d?Fmisc?’fﬁBf’g?E,d? Qield of
the sem conduct or detoa@actpswdictinproved epewviatbuhethehaulbildyedul til ayer
I nterconnection struycture u? for rredt%)é ? danpscene pﬁoces t hat uses a CWP
process. By using t H& Sfﬁglhl%cﬁjcfnf i tandilhad Ig?edt g Br L Fventi on,
it becones possi bl grbcessdtitst tusees0\ae CHP| ptoedsext Byc usdngt tind axfganic

10 insulation film of the present invention, it becomes

possible to reduce the overall dielectric constant of
the multilayer interconnection structure, and the
operational speed of the semiconductor device is
improved. .

15 Other objects and further features of the
present invention will become apparent from the
following detailed description when read in

- conjunction with the attached drawings.

20 BRIEF DESCRIPTION OF THE DRAWINGS

FIGS.1lA - 1F are diagrams showing a
conventional process for forming a multilayer
interconnection structure;

FIG.2 is a diagram showing the relationship

25 between the condition of initial baking and a tensile
strength of a low-dielectric organic insulation film
of aromatic group:;

FIGS.3A - 3F are diagrams showing
conventional process steps;

30 : FIGS.4A ~ 4G are diagrams showing the
principle of the present invention;

FIGS.5A - 5F are diagrams showing the

fabrication process of a semiconductor device



the multilayer interconnection structure, and the operational speed of the
sem conduct or device is inproved. 15 O her objects and further features of
the presegbobmugnti on will becone apparent fromthe Sl,.m,mgsﬁlet ai l ed
description when read in conjunction with the attached draw ngs. 20 BRI EF
DESCRI PTI ON OF THE DRAW NGS FI GS. 1A - | F-a®e—di agrans showi ng a
conventional process for forming a nmultilayer interconnection structure;
FIG2 is a di agrarraéeemmg the af %ke&toaﬁydameaé aftp?eeri;ﬂeasneond'tlon of
initial baking and a tensi strength of a | owdi ctric organic
insulation film olreenkianc adoup; FI GS:3A - 3F are diagrans show ng

conventional process steps; m@sFhS- 4k a:‘éGdﬁégerhﬁgeVMnﬁh‘éﬁ‘éng the
principle of the present invention;, FIGS. 5 F are diagrams showi ng the

fabrication procesfabFication osaaEES RE @e\ﬁ%cwwq;smlpﬂ/apou 05578 9

according to @ fheSér®iRPAITBNEeOind RERUEREAL of MRNHr@BanfiNd FI GS. 6A -
6E are di agrams showing the fabrication process of a sem conductor device
5 according to a sé@%ﬁ%L%ﬁbodlnent of the present invention. BEST MODE FOR
| MPLEMENTI NG THE | NVENTI ON (PRI NCI PLE] 10 Hereinafter, the experinents
conduct ed by '
BEST. MODE FOR IMPLEMENTING THE INVENTION

[PRINCIPLE]

10 : Hereinafter, the experiments conducted by
the inventor of the present invention and
constituting the foundation of the present invention
will be explained.

In the experiments, an adhesion test was

15 conducted on a stacked film structure including spin-
on low—dielectric organic insulation films of
aromatic group. Generally, "SiLK" (tradename of Dow
Corning, Inc.) or "FLARE" (tradename of Honeywell,
Inc.) are well known as low—dielectric organic

20 insulation film of aromatic group. Conventionally, a
spin-on film is subjected to. a baking process for
evaporating solvents, followed by a full curing
process in a heat treatment apparatus such as hot
plate or furnace or lamp, until the film undergoes a

25 full curing.

Hereinafter, the phrase "initial baking" is
useqd to indicate the baking process conducted after
formation of a first spin—on insulation film by a
spin-on process, while the phrase "initial curing" is

30 used to indicate the curing process applied after the
initial baking process. Furthe;, the phrase
"subsequent baking” is used to indicate the baking

process conducted after formation of a second spin-on



the inventor of the present invention and constituting the foundation of
the présent invention wll be explained. In the experinments, an adhesion
test was 15wpQ@Reises ed on a stacked filmstructure includip@rfppisssis ON
| ow-di el ectric organic insulation. filnms of aromatic group. CGenerally,
"Si LK" (tradenane of Dow Corning, Inc.) orlOFtARE" (tradenane of
Honeywell, Inc.) are well known as |owdielectric. organic 20 insulation
filmof aromatic gr@HBulSeientilanal! ¥, spin-SdH bk Wheis Wheected to a
baki ng process for evaporating sol vents, followed by a full curing
process in a heat tPBERARNTSURFRIUENYSCUHERS aslshdlsedp¥8t indicatg fhee or
lanp, until the fil guundgrgeesess cdaahutéd cafidd thdesabbadudit Yak@nghr ase
"initial baking" is used to indicate the baking process conducted after
formation of a firsP*8FFA2on insulation filmby a spin-on process, while
the phrase "initgal curing” is 30 used to indicate the curing process
applied after the initial. baking process. Further, the phrase
"subsequent baking"TF§TUge8°?QY?qﬁﬁ°gﬁg the baking process conducted after
formati on of a second spi n- oA rEcAMY\GN03£ O drJAnlilc) 10360&5i6h £ilhOof
insulation filmby a s&i piQn_process, \A,ffi.lcﬁ t he fnhrage "subsequent curing"
is used to indicat e2FABALLE TP A5 BRRIEBA R 12 FLafPRPEFRE &b &equent
baki ng process. 5 EES$tlifsolntcinin didin) by using a spin coater, and an

10 initial baking process is applied thereto. Further,

an initial curing process is applied in a heat
treatment apparatus at 400°C for 30 minutes. As a
result, an organic insulation film of aromatic group
is formed on the Si substrate with a specific

15 dielectric constant of 2.65 as the first insulation
£ilm.

Next, a solution of a commercially
available spin-on insulating film (organic S0G) is
applied on the first insulation f£ilm thus formed, and

20 a subsequent baking process is conducted. Further, a
subsequent curing process is conducted at 400°C for
30 minutes in a heat treatment apparatus. As a result,
an SINCH film is formed on the first insulation film
-as the second insulation film.

25

TEST-2
A process similar to the process of TEST-1
was conducted except that the duration of the initial
curing process applied to the first insulation f£ilm
30 is changed. More specifically, the initial curing
- process of the first insulation film was conducted in

a heat treatment apparatus at 400°C for 90 seconds.



A solution of an organic insulation filmof aromatic group is applied on a
Si substrate as a first insulation filmby using a spin coater, and-an 10

initial bajgpRseddipcess is applied thereto. Further, anpb@)m,ﬁgﬂgurl ng
process is applied in a heat treatnent apparatus at 400C for 30 m nutes.

As a result, an organic insulation filnrottaromatic group is forned on
the Si substrate with a specific 15 dielectric constant of 2.65 as the
first insulation $gkinTedaxt, a solution of a commercially available

spin-on insulating fil m(or ani c soa lied on the first insulation
filmthus formed, and 20 a BSS'@HU& amlfﬁg’gp?'ﬁ’&‘é%fé“ies%ﬁo?kﬁ%’d!eq:urther,

a subsequent curipg ﬂi@qm LSo € OoPEsIGize drast sﬂﬂj)&:iéu t30antaméELe i N a heat
treat ment appar at us. a result, an SlNCprﬁ{) s fornmed on the first

insulation film aEe?%ef%egﬁa"Pﬁg‘algﬁ Grrep oF affhepion DETRRN s si i | ar
to the process of TESTEidrst\ansadatied eriiaxaagt tnélaéeddm du&ﬂaﬁbmf t he

initial curing progess lLied,to th first sul af i changed.

More specifically, g{'ﬁ% i etpitgf‘s i]?ﬂh ﬁ’ragcgggg Fte é’yf ialtg?r??ﬁé e'| on film

was conducted in ®ipeaid wfeahmnﬁmﬂpmalpahusoathé%o&sﬂr 1ﬂﬁ1mczmds WO

02/ 03442 PCT/JPOl/ngI?R?%y By 11 PEEL TEST_The ggitl l,ayer .fi I@_‘str cture t hus
0

obtained by the EBT*Y ﬁ\%ss”%ﬁ]dee’tl S gﬁgl? € for

obt ai ni ng the streegbty afesddhési curdibt WIGN2 shows the result of the

10 adhesion test. '

As can be seen from FIG.2, the strength of
adhesion is increased when the initial curing process
of the first insulation film is conducted under a
condition that provides only insufficient curing.

15 While FIG.2 represents the result obtained for the
case in which the first insulation film is formed of
an organic insulation film of aromatic group and the

- second insulation film is formed of SiNCH, a similar
 result was obtained also in the case the first

20 insulation film is formed of an organic insulation
£film of aromatic group and the second insulation film
is formed of an SiOCH film derived from a generally
available organic silane material. Further, a similar
result was obtained in the case the first insulation

25 film is formed of an organic insulation film of
aromatic group and the second insulation film is
formed of an HSQ (hydrogen silsesquioxane) film or an
organic insulation film of aromatic group.

FIGS.3A - 3F show the conventional process

30 of stacking spin-on insulation films.

Accérding to the conventional process, a

solution containing a target organic insulating

material is applied on a Si substrate 20 by a spin

c (A



5 the first insulation filmand the second insulation film The tensile
test was conducted by attaching the ti p end of an alum numpin to the

second i nsWyglebilez fil m by an epoxy resin and pul ling thepggissodssr the
.epoxy resin is cured. FIG 2 shows the result of the 10 adhesion test. As

can be seen fromFIG 2, the strength of adR&ston is . increased when the
initial curing process of the first insulation filmis conducted under a

condition that provisdgsif |;¥rddé%léf Ethﬁéts&Lﬂ IJ9 Fr&o3NVASE & @ndthgRr esents
the result obtained for t case in which the first insulation filmis

formed of an organPékF-ﬁgLP%R‘?Qﬁ? 3| prafuckeshe™ thgr 8EPP Ld HiFe 3Bs&ond

insulation filmis fagregde@gpéaﬂg%thg sbiWdr¥. result was obtained also in
the case the first 20 insulation filmis fornmed of an organjc insulation

filmof aromatic group and t HexfecdRdtRAsTISR i%h FRELAC- i 20 tigié@lof an

Si NCH filmderived thethdg ﬁﬁfwsa h¥ app@iédlde ¥ §8Nt6re the target
silane: material..Further simlar_ result was obtained in the case the

first insulation 25‘“P|t|eﬁf'?% FIEFSLY - a7y IHAY FUERS T MR 13y pfofhe
aromati c group and ihegeeCmakriRaukat E6fmnéd |dh ithe EOr sEsbfatan 205Q

(hydrogen sil sesqui oxane) film or ani c ipsulation, filmof aromatic
group. FIGS.3A - 3FM§ﬁ5\/\;’f‘h'%h’bcﬁF?§ﬁllFo£é ‘t&eé£§°r3%°‘6'?u§.‘{ &ki ng spin-on

insul ation films. Aﬁﬁh@.ltﬁlil.ﬂﬁef G.rtﬂ&c&ﬁﬂéeﬁimorﬁﬂrdaﬂtﬁ&esﬁas athéaiauiitcen
contel m 19,3 L a1get ¥ URto LSRRl ol S e L3RR LN, 32
removing the solvent and the curing process
thereafter is sufficient to cause a full curing in
the first insulation £ilm.
Next, in the step of FIG.3D, the second
15 insulation film 22 is applied, and after conducting a
subsequent baking process in the step of FIG.3E, a
subsequent curing process is conducted in the step of
FIG.3F and a fully cured layered structure of the
layers 21 and 22 is obtained.-
20 FIG.4A - 4F shows the process of the
- present invention, which is based on the discovery of
FIG.2.
The result of FIG.2 for the TEST-2 clearly
indicates that a far better adhesion is achieved
25 Dbetween the insulation films 21: and 22 when the
initial curing process of the first insulation film
21 is conducted with thermal energy lower than the
thermal energy used in. the corresponding initial
curing process in the experiment of TEST-1, This
30 means that the degree of curing of the first
- insulation film 21 after the initial curing process
in the TEST-2 would be smaller than the degree of
curing achieved in the TEST-1 during the initial



coating process in the step of FIG 3A and an initial baking process is
conducted in the step of FIG 3B so as to evaporate the solvent. Next, in

the step ofyofubfasds, an initial 5 curing process is appl@%ﬂ?{?ﬂsﬂﬁ to cure
1 of the

t he target nmaterial conpletely, and a fully cured film t ar get
material is formed on the Si substrate 26.13Mbst of the organic filns used
for formng a nultilayer interconnection structure has the nature 10 of

thermosetting resigyand ;tﬂa%eggk' 2 PIASPD Egaon&q@uﬁshmeféﬂ& went and

the curing process thereafter is sufficient to cause.a full curi'ng in the

first insulation fifnforgsd onj ﬁhﬁh§1§Q%ﬁ-WlFF@%Efilﬂfh@19eé§n€m%§-d

i'nsulation film 22ppshéudd 8t /A4 ﬁfliﬁalcgggyﬁélﬂﬁbc%sssmgequent baki ng
process in the step of FIG 3E, a subsequent curing process is conducted in

the step of FlG 3rFoBgiRFied it $00 0 cevermjbecdusatinn @e 39t mingtes dfers 21

and 22 is obtai §edihe 28ddrGudht- of FrEdews hhﬁlarm@%m&flahheurm@sent
~invention, which is based on the discovery of FIG 2. The result of

FI G 2-for the TESTPPOREIH"af cPRdpctedat H‘&? aam%rtwreﬁuaeh%%%n i's

achi eved 25 bet weefihé hdurdataehabeosniy |96 sétondsl £¢ tMeRxpaeimémt tdgal curing
process of the first |nsul ation film 21 is conducted with thermal energy

| ower than the thCENET2 energy used in-the corresponding initial curing

process in the experinent OfrhiEESTaﬂtefl'ftltﬁ Seeﬁwlsrnmm t he degree of

curing of the first _insulation fi aft |n| curing process
1 the TEST2 Mbul EOTESHRINLED ERaHA e gFCEIGroA  the rifsk

insulation £ilm 21 of the organic insulation film of
aromatic group was subjected to an initial curing
process in the step of FIG.4B with lower therﬁal
energy. Thus, the first insulation film 21 is cured
15 only partially, and there are left a number of -
unreacted sites in the first insulation film 21 when
the initial curing process of FIG.4B is completed.
-After the step of FIG.4B, the second
insulation £film 22 is applied on the first insulation
20 film 21 in the step of FIG.4C and a subsequent baking
process is conducted in the step of FIG.4D. Further,
by conducting a subsequent curing process in the step
of FIG.4E, the unreacted sites in the top part of the
first insulation film 21 and the reacted sites
25 existing at the bottom part of the second insulation
£ilm éz cause a reaction, and there is formed an
intermixing layer 28 at the interface between the
first and second insulation films 21 and 22 as
represented in FIG.4F or FIG.4G, wherein FIG.4G shows
30 an enlarged view of FIG.4F. By conducting the
subsequent curing process with increased thermal
energy, a stacked structure formed of fully cured
films 21 and 22 is obtained. ’

na



curing achieved in the TEST-i during the initial WO 02/03442 PCT/JPOLl/ 05578
-" 13 curing process, in which no second insulation film' 22 is fornmed on
the first iggyhmhion film21. It should be noted that therispebdsés curing
process was conducted at~400C over the duration: of 30 minutes in 5 the
experiment of TEST-1, while the initial coritfig- process was conducted at
the sane tenperature over the duration of only 90 seconds in the

experiment of TEST-2. Thus, afdfuibbersteme (p‘roElegps4Af1ﬁ1@s)r4p@sp@n¢l ng to
the: step of FIG 3A,  the first insulation film 21 of the or

insulation filmof CBROAMRITI: RSFWRER the)HdMSy2Lo38A 2413 gi“‘PEBV?‘ﬁg

process in the step of FIG 4BnMd,htheWsrebditd Talventh6hJichilédss thee first
insulation film?21 |s ured 15 onI artially, and there are |eft a nunber
of unreacted sites9Fh ’Eﬂ% ’f"?ﬂrsqvef“ﬁé‘{‘)}l of i afPesiom, betyRen oxgARichi ¢ al

curing process 0§ Fh.ﬁsﬂﬁatzﬁorﬁfﬁmhﬂ ednstitetidga staakea ﬂﬁl‘bﬁaohhe second

insulationfilm22is I|e on the first_insul ati,on {P[¥21| t he
step of FIG 4C and &% §B PFHRY pP ot éﬁﬁﬁﬁ’t‘}% 9 atYﬁ‘é Bep of
Fl G 4D. Fﬁrt her, bbgcemmnmgﬁmub&eﬂumor?w Iﬁgepﬁ.ﬁ£'65§l idurtifg st fepI of
FI G 4E, the unreacted sites t to art th sulatio ilm
21 and the reacted PFPEE® §5°ée3'1'hset %ﬁﬁsg‘t B?Wél%c}t 'hf decdhd

insulation film 22shausé ke nedrid &hataﬁﬂetﬁuysemwlhoemﬁomrﬁ.s imdter m xi ng
i 5% b ab TR LG sl BB MR 1
film 21 is formed of an organic lnsulatlon £ilm of
aromatic group and the second insulation film is
formed of an SiNCH film, but is applicable also to
the case in which the first insulation film 21 is
15 formed of any of an SiNCH film, an SiOCH £ilm, an
organié SOG film, or an HSQ film. Further, the second
_insulation £ilm 22 may be formed of any of an SiNCH
£ilm, an organic insulation film or aromatic group,
an SiOCH film, an organic SOG film, or an HSQ film.
20 Further, a similar result is obtained also
in the case there is already formed an
“interconnection pattern on a substrate.
From the result of the foregoing peeling
test, it is concluded that the initial curing process
25 of the first insulation film 21 should be conducted
preferably at a temperature between 380 — 500°C over
a duration of 5 — 180 seconds, more preferably at a
temperature between 380 - 500°C over a duration of 10
— 150 seconds, most preéferably at a temperature of
30 400 ~ 470°C over a duration of 10 - 150 seconds.
_ Thereby,lthe upper limit temperature of the initial
curing process of the first insulation film 21 is

determined from the requirement that there should



30 an enl arged view of FIG 4F. By conducting the subsequent curing process
with increased thermal energy, a stacked structure forned of fully tured’
films 21 a4wdo2ids4ss oObt ai ned. WO 02/ 03442 PCT/ JPOL/ 05578 periydrtressdgcording to
the process of FIGS.4A - 4E,* the adhesion _between the filns 21 and 22 is
i nproved. Thus, the present invention acht@ves the desired inprovenent of
adhesi on betmeen organic 5 insulation filnms constituting a stacked

i nsul alt:'on SL ruct ugeubynsmmf .h atLOré@dsr:sﬁrdﬂNbe'rtmaehnt' é rﬂﬂs};ﬁ.y&iri]dZS by
controlling the conditign of the.initial, curing ess t he

i nsul ation frIanlse?ﬂESeﬁﬁyeﬁﬁ wheR, GPH-H eﬁe qﬁFég%n%'Lﬁventlon
is not 10 limted ke theeptskor thehireliction fihast fbﬁfﬁsﬂ’c&té ante_fmi:airagL is
formed of an organ i nsyl at il m I.O grou t he, second
insulation filmis ¥8’Fn€% d’#q'ghﬁaﬂ@ﬂ?ffr? %heggf" c& 3&5 EU51%% to the
case in which the iaroeéssnsweatdwatﬂ.ohme’b]s rt‘haih55f eecmnﬂs)f:.sangtof an Si NCH
film an SIiOCH fil organic S0OG.fil m Further t he
second insulati ong}‘i"?%ﬂﬁ %ﬁry “"bém%%r1 sgﬁ Whl?fan S w&iﬁ Pilm an
organi c insulationlatgerothan(m&@tBecgmdnuﬂoesanoﬁrﬁfb#idé rgheadesigexhi ¢ SOG
film or an HSQ fi . rasu o] I_n in the
case there is al rezt'a'{én r%ormec}£ C&r tlhﬁtgélggogr%ﬁoect |8§n Jt:%e’r ﬁ-’thgn ggléﬂb qlrate
Fromthe result of deh@d@r@gmhegtpapéradg:ret ased fprl’s‘na‘,dwh-nded t hat the

initial curing, propg Se gS of the first insulation f|Im21 shoul d be
conducted preferably at terrperature bet ween 380 - 500C over

.-

[FIRST EMBODIMENT]
. FIGS.5A - S5F show the fabrication process
of a semiconductor device having a multilayer

15 interconnection structure according to a first
embodiment of the present invention, wherein those
parts corresponding to the parts described previously

. are designated by the same reference numerals and the
description thereof will be omitted.

20 Referring to FIG.5A, the multilayer
interconnection structure is constructed on the Si
substrate 10 carrying thereon the Cu interconnection

. pattern 12A via the intervening insulation film 11,
wherein the Cu interconnection pattern 12A is

25 embedded in the interlayer insulation film 12B.

On the interlayer insulation film 12, there
is provided an etching stopper f£ilm 23 of SiOCH by a
spin—-coating process of a commercially available
polysilane f£ilm in place of the conventional etching

30 stopper £ilm 13 of SiN, and an interlayer insulation
film 24 of a low-~dielectric organic insulation
material of aromatic group is formed on the etching

stopper film 23 by a spin-coating process. Further,



a duration of 5 - 180 seconds, nore preferably at a tenperature between
380 - 500C over a duration of 10 - .150 seconds, nost preferably at a

t enper at ur 68400 - 470C over a duration of 10 - 150 w4¢ ﬁmﬁ’“ Ther eby,
t he upper Ie‘}v% tlﬁ‘i'tlerrperature of the initial curing process of the first
insulation film21 is determned fromthe Aéquirement that there should WO
02/ 03442 PCT/JP01/ 05578 15 occur no chem cal reaction between the first

and second layers yheptfpidg r&obiserSEfﬂacbs wls%bﬁn ;Imme%ﬂoﬁxeﬁet for
the reaction that forns the Tntermxing |ayer . Wth regard to the

duration of the cur tR§eslayer dasulakéonufaln At Ibé's§ ?Rwr@ﬂé@@nds i s not

suitable for a curi BQOEEQEe&.s’anWG&'bSnﬁcdéﬁ@tfﬂ% hanogs ifharibgerseconds
does not provide the desired 1 nprovenent of adhesion. O course,. this

duration depends oAneHiatEeRGidmRE 0fey ¥Q5¢‘44‘Péeﬁity?-ﬁ9°11q}uﬁ-rcocess [ FI RST

EMBODI MENTI  FI GSs5A1nsatasioiridierfiahr bfalidhtiiOgesap £f HraRid conduct or
device having a mul ti | 15 interconnection structure according to a

first enbodi ment oFuFEéeﬁr%éﬂ’ce PRGRARY FLORRRK SiAm By PpHPLE~

corresponding to theoB&ihg ﬁmssbe@npﬁﬁalw@éﬁaaﬁxelﬂsﬁlmrﬁd:ﬂm ke sane
reference nunerals and the, descriptign thereof- will be omtted. 20

Referring to FI G 5A2%t RECRING iStepper Fﬁ}%r%?)rﬁﬁ(ﬁllugﬁ 8t byg a

constructed on the Splnsubst;t;aj q,riaeeea[ryl ng thereon the Cu interconnection

pattern 12A V|athe I nt ervenin |nsulat on fil wherein th
i nt erconnectionPattern 12A |Fsa%h time the any ° P the 1ayers 25 - 37%s

formed by a spin~coating process in the step of
FIG.5A, an initial baking process and an initial .
curing process are applied consecutively, wherein the
initial curing probess is conducted at 400°C for 90

15 seconds in view of the discovery of FIG.2. Further,
after the layered structure including the layers 23 -
27 is thus formed, the subsequent curing process is
conducted at 400°C for 30 minutes such that each of
the films 23 - 27 undergoes -full curing.

20 Next, in the step of FIG.5B, the SiN film
27 is subjected to a dry etching process while using
the resist pattern 18 as a mask, and an opening is
formed in the SINCH film 27 in correspondence to the
resist opening 18A. It should be noted that the

25 resist opening 18A corresponds to the contact hole to
be formed in the multilayer interconnection structure.
Further, the resist pattern 18 is removed and the
low-dielectric organic insulation f£ilm 26 underneath
the SiINCH film 27 is subjected to a dry etching

30 process to form an opening 26A in correspondence to
the resist opening 18A.

Next, in the step of FIG.5C, the resist
film 19 is formed newly on the structure of FIG.5B



25 enbedded in the interlayer

interlayer
mat eri al

Spi n-coating procesfd e theyist! FAN MO /508442t ECHoIR01/ 05578 -

et ching stopper fi

| 5. of Si o f
fim o by e EBRE S Hhasraehis AT PR R Boesa i

i nterl ayer

mat eri al

insulation film212B. On the interlayer
insulation film212, there is provided an.etching stopper film 23 of S OCH
by a spi nwg@dhiseg process of a comrercially avail abl e ppophpskage filmin
pl ace of the conventional etching 30 stopper film13 of SiN, and an

insulation film24 of a lowditfettric organic insulation
of aromatic group is forned. on the etching stopper film23 by a

16 an

s faormed on the inter|ayer insulation
sheP

i nsul ariensd; |48 Zormf a ardaiwtdiopleadhsi Lomkgani ¢ 5 insul ation
: of aromatic_group js forne further on the etching stopper film
05 by a spin- coat PRESpRERshoeckS tihe (ifeERRpRRoHIR BREPER FF I b6, | an

et chi ng st oppers f i EormRdd afn FhkiGnalisi ¥orere dnitgraonsgitionoatiragtyrencess. 10

Each tinme the any
process in the st

process is conduc;_fl?%@iﬁi%_ Cffj_% zgg)sagrrse %?‘g)(rggga_i ec'/}__ih%\ég'?%hghgigéfcovery of

FI G 2. Further,

is thus forned,

~mnutes such that

Next ,

in the step

t he .l ayer 3 - 27 i forned by. a I Qs ting
BE5er HEREREE orerfing, Lop.ar e Moo BRI | 17
curing process arefhpbpl2Zzamcbnhecetiendzigy 26ahénetie tlow-diieiléctticuri ng

r ayere u e |1 ncludln

e layers 23 - 27
t héibuRediserikpesed rar hecbottom of diduopening 2620C for 30

each Of | Wiyl | 13 ot.op obNHES 955 enbUbLuc Fitlh 20

of FI G 5B,

- 27 exposed at the resist opening 19A is removed by a

15

20

25

30

dry etching process while using the'resist 19 as a
mask. By éonducfing the dry etching process, the
Si0OCH £film 25 exposed at the bottom of the opening
26A is removed simultaneously, and the interlayer
insulation £ilm 24 is exposed.

Further, in the step of FIG.5E, a dry
etching process is applied to the structure thus
obtained and there is formed an opening 26B in the

~interlayer insulation film 26 in correspondence to
the resist opening 19A and hence the interconnection
groove to be formed. It should be noted thereby that
the opening 26B is formed so as to include the
opening 26A. Simultaneously to. the formation of the
opening 26B, there is formed an opening 24A in the
interlayer insulation f£ilm 24 in correspondence to
the opening 26A and hence the contact hole to be
formed. o :

_ Further, in the step of FIG.5F, the SiNCH
film 27 on the interlayer insulation film 26, the
SiOCH film 25 exposed at the opening 26B and the
Si0CH film 23 exposed:at the opening 24A are removed

by conducting a dry etching process, and the desired

i
N3



27 is subjected to a dry etching process while using the resist pattern 18
as a mask, and an opening is formed in the SINCH film 27 in correspondence

to the resqivgq,z,gg@fli ng 18A. It should be noted that the Z&sisss7s0peni ng
18A corresponds to the contact hole to* be fornmed in the mul tilayer

i nterconnection structure. Further, the redBst pattern 18 is renoved and
the lowdielectric organic insul ation film26 underneath the SINCH film

27 i's subjected to Aultylfy&hiingGe2BoRh86LESN sk RRtliraNi o PEidichedbByi N
correspondence to the resist Q%Gnl ng 18A. Next, in the st ‘B\BOf FI G 5C, the

resist filmi19 is ForhiRd e yRERTEABPESHRG (FRooye BFeyEied\BY03he3442

PCT/ JP01/ 05578 17 opeflih¢ie26Sndt the! Hbﬂﬁad:‘@ o1k pebedasé® ¥y the
phot ol i t hogr aphi ¢ patternl % rocess | g step of FIG 5D, to forma
resi st opening 19A PRELRYr @B(’Wdén&’@n C’EHée 3a¥eZr @5nf®cti on groove to be

5 fornmed in the gultilayer irar ahanefitedDapdd Udiswlatiodf find 2@ wadi st
opening 19A is for e, Si NCH 27 and t p ng 26A. n._the
| ow-di el ectric i nrsrggat F’g nt§ |Ff°rﬁ3§§’t"'3r g]°e§ﬁ%sa&l. ﬁgim't%% film25
i s exposed at the. lthmOrrmesmeElQmesuag aﬁﬁan ZiOH\EiLn, | o tdie origapiof
FI G 5E, the SiNCH fi] d_at SJSt peni ng Ais r ved by
a dry -etching proc@gg1 &ﬁi’f‘e%ﬁ’ﬁ t’hg Feg %?pgern‘ﬁéﬁ'.‘s B"Sa'cggguct i ng
~the dry etching proeeds27thsy Hsi @okmbill 0€25 Wﬂeatriheoﬂgﬁ:ﬁmn of the
opening 15 26A ig r n S the.interl sul at i on
film24 is: exposgd ?_rrg % ?onm{! L'L?He g‘t iél%goffﬁ? é""ﬁ:‘ - anagf'dn fﬂm
an organlc S0G film. The mnltllayer intercqnnection
structure of the present invention can reduce the
overall dielectric constant and contributes to the
improvement of operational speed of the semiconductor

15 device..

[FIRST COMPARATIVE EXPERIMENT]
In the first comparative experiment, a
multilajei interconnection structure similar to the
20 structure of the first embodiment was formed
according to the process similar to that of FIGS.5A -
5F except that the initial curing process was
conducted at the temperature of 400°C over the
duration of 30 minutes.
25 The evaluation over the multilayer
interconnection structure of this comparative

experiment will be made later.

[SECOND EMBODIMENT]

30 FIGS.6A — 6E are diagrams showing the
fabrication process of a semiconductor device having
a multilayer interconnection structure according to

the second embodiment of the present invention,



etching process is applied to the structure thus obtained and there is
formed an opening 26B in the 20 interlayer insulation film26 in
correspond@pagnisz the resist opening 19A and hence the poplypfiegddgect i on
groove to be fornmed. It should be noted thereby that the opening 26B is
formed so as to include the opening 26A —St#uttaneously to..the formation
of the 25 opening 26B, there is fornmed an opening 24A in the interlayer

insul ation film 24uhérsi HESRENPEAES ddrrdspOnapedi ¥ 2 \pakdshence the
of FIG 5F, the SINCH 30

contact hole to be, forned, Further, in the ite

film27 on the int @??%Eﬂg;q RESV PRI raHer088: ORAESS HYOBA% FRAS o5 exposed at
t he opgni Bg ZGBdanﬂ_eféhﬁanc(‘jE GGidef:'%_imaﬁiamlaoaeécr%ﬁtih&ie?agabggﬁﬁﬁrl ev\o
renove conducting g .dr chin rocess, and the desire

02/ 03442 PCTI 9P0L/ bR teeds oFhe mifLiaas” Tt deconnnation SEFuRrt | s

obt ai ned by. fsl|éonxHd@rieskatcanbodinet gsesve sy-ardlded Ayaifardpeni ng
26B and the contact_hol e proviggd by the opening 24A by a conductive | ayer

of Cu. 5 For the iR I%ﬂﬂ?Frpﬁ PRtion filnms 24 and 26, it is possible to
use an SIiNCH film an Si OCHReffekaingnediSQGH BAMN e mAtiaay&:-OH film or an
organic SOG film,Further, the efchi st opper. fil 3 2% 27 may be
formed of a | ow di %aﬁ“gec T @egtrté'gﬂi %Ejf%cgglﬁseuggt ?%Irl]s?f r‘r:‘rihe%atr?n 41 m such as
an SIOH filmor asulsigaatiec 180Gafrying Therepht thay®r inteecommescianon

structure of thp PLgsell bOYCHEL OGPyt dUAtnl s iRIBh e8hf £LI T ©

constant and contr
wherein the Cu interconnection pattern 12A is

embedded in the interlayer insulation £ilm 12.
~ - On-the interlayer -insulation f£ilm 12, the
etching stopper £ilm 23 of SiOCH is formed by a spin-
15 coating process, and the interlayer. insulation £ilm
24 of a low—~dielectric organic insulation material of
aromatic group is formed on the etching stopper film
12 by a spin-coating process. Further, an etching
stopper f£ilm 30 of SiOCH is formed on the interlayer
20 insulation £film 24 by a spin-coating process, and the
interlayer insulation film 26 of a low-dielectric
organic insulation material of aromatic group is
formed further on the etching stopper £ilm 30 by a
spin—-coating process. On the interlayer. insulation
25 film 26, an etching stopper film 31 of SiOCH and an
Si0, film 32 are formed consecutively by .a spin-
coating process. The etching stopper films 31 and 32
constitute a so-called dual-~hard mask structure.
Each time the any of the layers 23, 24, 26,
30 30 and 31 is formed by a spin—coating process in the
step of FIG.5A, an initial baking process and an
initial curing process are applied consecutively,

wherein the initial curing process is conducted at




i nprovenent of operational speed of the sem conductor 15 device.. [FIRST
COVPARATI VE EXPERI MENT] In the first conparative experiment, a nultilayer

i nt er connecyypQ@Rnsks ucture simlar to the 20 structure ofpdyfifofissssst
enbodi nent was fornmed according to the process simlar to that of FIGS. 5A -

5F except that the initial curing process—w88 —conducted at the tenperature
of 4000C over the duration of 30 mnutes. 25 The. eval uati on over the

hul tilayer intercogpgeti for G0 WelddhBsOin v GFRBLARL ¥Eovexpyd Ment wil |
be made | ater. [SECO\ID EMBODI MENT] 30 FIGS. 6A - 6E are di agrans sthm ng the

fabrication processF&€-2- s@ﬁ%ﬂu@#&?rdmééﬂ%?ﬂnatr‘écm?ﬂ%lé‘fi

i nterconnection strygbUigyérs g3l A t 96, t ¢ HRC 31 18MERES "Bd¥med, the
present invention, WO 02/03442 PCT/JPOl/ 05578 19 _ wherein thoseﬁgarts

correspondi ng to t hEUBSPEUSILuLing, RTAFRSS ok IGPRGREta RGBS 97t he sane

reference nunmeraks gpdmihetélesiidiotthal bheh eof tMd lfilhe onddigies Fael
mul tilayer interconnection structure 5 of the present enbodi nent uses a

so-cal | ed dual - har d®*#&8%" construction. Referring to FIG 6A, the multilayer
I nt erconnection structure is norgﬁer BebpdoPIFINGAS thaubsesist Efihﬁl ga8rrying

{hereon, the O |t eLoRIeelash 49 R LSp 4200 YA AIBLILELY0 Mo 6,
enbedded in the int ahkagtn tHsutadisan filhnd2includes the res:.st
10 opening 18A exposing the $i0; £ilm 32, and there is
' formed an opening through the SiO; layer 32 in
correspondence to the resist opening 18A so as to
expose the SiOCH layer 31.
.Next, in the step of FIG.6B, the SiOCH film
15 31 is patterned and there is formed an opening 31A in
correspondence to the resist opening f£ilm 18A such
-that the opening 31A exposes the interlayer
insulation £ilm 26. Further, the resist f£film 18 is
removed and another resist film 19 is provided with a
20 resist opening 19A corresponding to the desired
interconnection groove,'and the SiOz £ilm 32 is
patterned in the step of FIG.6C while using the
resist £ilm 19 as a mask. As a result, there is
formed an opening 32A in the SiO, film 32 in
25 correspondence to the resist opening 19A, and hence
in correspondence to the desired interconnection
groové, such that the opening 32A exposes the SiOCH
£ilm 31.
During the step of patterning the Si0; film
30 32 in the step of FIG.6C, the exposed part of the
interlayer insulation film 26 is patterned
simultaneously, and there is formed an opening 26A in

the interlayer insulation £ilm 26 in correspondence



. Onthe.interlayer insulation film12, the etching stopper film 23 of
SiOCH. is formed by a spin- 15 coating process, and the interl ayer '

i nsul at [ OQV(;M,@M% of a lowdielectric organic insul atiper/seiesrsel of
aromatic group is formed on the etching stopper film 12 by a spin-.coating

process. Further, an.etching stopper fitrdB0 of SiOCH is .formed on the
interlayer 20 insulation film24 by a spin-coating process, and the

interlayer insulatiprdd bped®ngf3ta |Aiendithhectiid peligan26a i eigidsasi on
material.of aromatic group is formed further on the etchi stopper film
30 by a spin-coat®hfy §alm ¥ (e HhifePTagRES i%ﬁ?‘gP¥%rP325 film 26,
22n§éghj[ ng |St ngernéﬂédnt%&totch§l %fﬁmimns:rllsé@s fdd maZad mask S or med
utively by a spin- coating process. The [ oppe fd,l 31 and

32 constitute a so-called N§%F: hig?c‘?"ﬁ’r?a_?ﬁegt ?E?ﬁéﬁqé&ﬁ ?Jr%ﬂ tfﬁ'elggny of
Eﬂe Ia%/ers ]c23i:|5é4,sigegqu%gg39t?ﬁ%bicﬂpérﬁnbosznohi@ thes |SiNCHOLLIM@BOpr ocess i n

e step of FIGSA an initi aki rocess a an_dnitial curing
process. are appl i FRGIRSLEH Fgﬁlﬁ?en%e%ggnafﬁepa}% P8 curing process s
C?n?ﬁm g_d at WO 024 ORd4anRotblP) 14080 that- tBE intdl@yesr i8fubsdends in vi ew
o] e discovery of, . FIG 2.. Further, .after 1he.!layere t ture includin
the layers 23, 24,1;-‘2]6‘,‘ golén&x@‘is?é % 0 8#’%%%1’,’&t% ggﬁb{s:g%uent curing °
process i s conductattedlaA@ACihonlst3th rfiidmt 24 Ssicdxpds®d ehckhef the fil ns
undergoes full__curing. he step of FIG 6A, the resist film18 is

|
provi ded on th¥ siFF qg‘mr}:? ‘inthe step of FIG 6A,  wherein the resist
film 18 includes the resistNext, in the step of FIG.6E, the SiO; film

32 remaining on the SiOCH film 31 is removed, and the
interlaﬁer insulation film 26 exposed at the opening
32A is removed together with the interlayer

15 insulation film 24 exposed at the opening 26A. As a
result,ian opening 26B is formed in the interlayer
insulatibn film 26 in correspondence to the opening
32a, and hence in correspondence to the desired
interconnéction pattern, simultaneously with an

20 opening 24A formed in the interlayer insulation film.
24 in cdriespondence to the opening 26A.

. By removing the remaining SiOCH film 23 and
filling the openings 24A and 26B by Cu, the desired
multilayer interconnection pattern is formed on the

25 Si substrate 10. . |

_ In the present embodiment, it is possible

to use any of an SiNCH film, an SiOCH film, an HSQ
£ilm such as an SiOH film or an organic SOG film for
the interlayer insulation films 24 and 26. Further,

30 it is possible to use a low-dielectric organic
insulation £ilm, an SiNCH film, an HSQ film such as
an SiOH.film, or an organic S0G f£ilm for the etching
stopper films 23, 30 and 31.



10 openi ng 18A exposing the Si 02 film 32, and there is forned an opening
through the Si2 layer 32 in correspondence to the resist opening 18A so

as to expowo ehisual OCH | ayer 31. Next, in the step of Flfg1porassm Si OCH
film 15 31 is patterned and there is forned _an:opening 31A in
correspondence to the resist opening fil m-18& such that the openi ng 31A
exposes the interlayer insulation film26. Further, the resist film18 is
renmoved and anot her resist. . fitHe Mhlitilpgyeyi detkyddrheat26nr SshidtueRediENg 19A
corresponding to the_ desired . intergonnectio roqve, and the Si film 32
is patterned in thg"h'?t BﬁeﬁFn?IW’\ﬂﬁFFelﬁs%at r"?«?gi Fi ('@9 as a
mask. As a rgsul t, td%ea:elﬁﬁéﬁ&mia&msesﬁ#mgardﬁflbdnltrﬁ.bﬂ'té‘é'% fahlem 3,2 in
25 correspondence tqQ _the resist opening,19 an enc in_corr ndence
to the desired inter@BFREERPRH °€r°8’5\?@,%lgﬂ% ?‘?1%"[‘{1t°%e%85eﬂ?“??g°°§§§%g%oses
the SSIOCH film 31. dawiiceg the step of patterning the Si02 film 30 32 in
the step of FIG 6C, the exposed part of the interlayer insulation film 26
is patterned sinmultaneously, and there is forned an opening 26A in the
interlayer insul ati dSECOND CGMPARATIVIE: ERBRRIEMENT MO 02/ 03442 PCTI JP01/ 05578

30 In thi's process. it shoul B bb Sesra.cREt PG BRI o8 ot B
hard mask. Next, innmui¢idagerointdr@odbectiben S$OT¢HuremsiBib coopabed at t he
- openi ng 32A and yhe g Qohla bEE M A0 r AR E Hofi s £ AR bRILRE sl pgPat t er ned
embodiment was prepared while conducting the initial
. euring process at 400°C for 30 minutes each time the
spin-on layers 23 - 31 are formed after the initial
baking process.
15 . The evaluation of the second comparative

experiment will be made below.

[CMP TEST]
" The inventor of the present invention has
20 conducted experiments for removing a Cu layer
deposited on the multilayer interconnection
structures of the first and second embodiments by a
CMP process. Further, the inventor has conducted
experiments for removing a Cu layer from the
25 multilayer interconnection structures of the first
and second comparative experiments, also by
conducting a CMP process.
According to the experiments, it was
confirmed that no cracking or peeling of interlayer
30 insulation film occurs in the multilayer
interconnection structures of the first and second
embodiments of the present invention, while

occurrence of peeling of interlayer insulation film



si nul taneously, such that the interlayer insulation film26 is exposed at
the opening 32A and the interlayer insulation film24 is exposed at”the 10

openi ng 26yHaeddpXt, in the step of FIG 6E, .the Si02 fibﬂhﬂﬁﬁm$9 ining on
the SSOCH film31. is renoved, and the interlayer insulation tfilm 26

exposed at the opening 32A is renoved tog®8her with the interlayer 15
i nsul ation film 24. exposed at the opening 26A. As a result, an opening 26B

is formed in the ipaeréBed@ived NAULRS IMNHilllaPesbihfefnndsposdence to the
opening 32A, and. hence in correspondence to the desired  interconnection

pattern, simultane8EErGEHash ofnthe bhthiamg S2ECPYFRIPATALENE i nterl ayer
insulation film 24xpermredt@spondence to the opening 26A. By renoving the
remaining SiOCH film23 and _filling the openings 24A anqd 26B by Cu, the
desired nultilayer inter corﬁ%’&'ﬁ‘%ﬁlg% il §hgoﬁ”??é’tf"6:nlf‘ﬁ%nt’: Si
substrate 10. I#% theppswssethecabRdsidmNiof isbinSoRPSEwldaelbotbbse any of

an.SINCH film an Si film, an . HSQ fi,lm such as an SLO4. filmor an
O gani 6 SO f11 m { BRECTIRYSTGRTATEoR ks, LORRERY 7o WA EANEYSR, - Furt her
30 it is possible ifstescomdoniof stondture,0bgadptimidisigl @heon film an
SINCH film an HSQ filmsuch ap Si.OH fil or_an organic SOG filmfor
the etching stopp ?né’r"r‘r?é‘ ?f,a%?ﬁ %’h’é“ﬁ °PFg}i‘9 RYSGP 03442 PCT/ JPO1/ 05578
- 22 The nultilayer interc@ureherprtls present bbvertienpiesest enbodi ment
'S CharaCtgrlzfg byiﬁﬁéggﬂéo the embodiments described heretofore, but
various variations and modifications may be made

without departing from the scope of the invention.

INDUSTRIAL APPLICABILITY

15 According to the present invention,
adhesion of spin-on, low-dielectric interlayer
insulation films forming a multilayer interconnection
structure is improved by optimizing the initial
curing process. Thereby, it becomes possible to

20 fabricate highrspeed semiconductor devices and

integrated circuits with improved yield of production.



overal |l dielectric constant and contributes'to the inprovenent of
operational speed of the sem conductor 5 device. [SECOND COVPARATI VE
EXPERI MENT]wé ha/fsagecond conparative experinent, a multilpgtapoisessrs
i nterconnection structure simlar to the 10 nmultilayer interconnection
structure of the second enbodi nent was prepdted while conducting the
initial curing process at 400C for 30 m nutes each tinme the spin-on
| ayers 23 - 31 are fornmed.after the initiakamhgki ng process. 15 . The
eval uation of the second conparative experirnment will be nade below. ' [CW
TEST] The inventor of the present invention has 20 conducted experinents
for renmoving a Cu |layer deposited on the multilayer interconnection
structures of the first and second enbodinents by a CM process. Further,
the inventor Has conducted experinments for renoving a Cu |layer fromthe 25
mul tilayer intergsonnection structures of the first and second conparative
experinents, also by conductingha CWP_process.. According to %ge
experiments, it was confirned PhEEERA QL AERT]CBELpE S i FRPIGPPAHEEPT ayer
30 insulation fil m ae¢uEs, i doniprashtiyt tha@ystepshiogrconnecti on structures of
the first and second enbodinents_ of tge resent invention, while
occurrence of peeling of int %%89 st 1.[|JtS’f'f“’TELialt?‘r?’r\’l\[#t)]é‘} Gu A2
PCT/ JP01/ 05578 23 wabsbba®s wda epiheonuptddemger i nterconnection
10 applying a curing process to said first
insulation film at a temperature of 380 — 500°C over
a duration of 5 - 180 seconds; and
forming a second insulation film on said
first insulation film by a spin-on process.
15

2. A method as claimed in claim 1, wherein
20 said first insulation £ilm comprises an organic
material having a specific dielectric constant of 3.0

or less.

25
3. A method as claimed in claim 1, wherein
said first insulation film comprises an organic
material of aromatic group.
30
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structures of the fist and second conparative experiments. Summari zing

above, the present invention

5 inproves the adhesion of spin

-0on,

| ow di el ecfybiegmszdgt erl ayer insulation filnms form ng a mMplcllrb@Xssrs

i nt erconnection structure, by

optim zing the condition of th

curing process. Further, the present invengPon is not 10 lim

enmbodi nents descri bed heretofore, but various variations and nodifications

nmay be made without departiqngaf meehbdicasIREmeE ihecidment,i fRereidNDUSTRI AL
theﬁgtesent i nvention adhesi on of spin-on,

5P £ 514 B0 FRFRRA £ imA SPERYRR

APPLI CABI LI TY 15 According .tq

| owdi el ectric int 8RFAyEFTSYE AL§PL
‘interconnection skiuatséXedted FROAVERe Ryrcupt cohaisgidd ed ant sakcE curi ng

process. Thereby, it_becones

sem conduct or devi E&dMafRP S5

B85 utng & aerle, 508 firoped

e initial
ted to the

eed

9P R of

production. inmsWOgQPHh03442 PCT/ JP01/ 05578 24 CLAIMS 5 1. A nethod of
fabricating a sem conductor _device, conprising the steps of:

first insulation filmon a substrate by a spin-on process;
insulation filmat. a tenperature of 380- 500C
and formng a second insulation film

curing process to said first

over a duration of 5 - 180 seconds;

on said first insulation filmby a spin-on process.

formng a

10 applying a

10 . 5. A method as claimed in claim 1, wherein

said second insulation film comprises an organic

materiél.having a specific dielectric‘conétant of 3.0

or less.

15

6. A method as claimed in claim 1, wherein

said second insulation film comprises an organic

20 material of aromatic group.

25 7. A method as claimed in claim 1, wherein

said second insulation film is forxmed of a spin-on

film selected from the group consisting of an SiNCH
film, an SiOCH film, an organic SOG film, and an HSQ

film.
30
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15 2. A nmethod as clained in claim1, wherein 20 said first insulation
fil m conprises an organic material- having a specific dielectric constant

of 3.0 or ywe%sessed 3. A nethod as clainmed in claim1l, wWighrpgessai d first
insulation filmconprises an organic material of aromatic group. 30 a

LTtlillllll WO 02/ 03442 PCT/JPOLl/ 05578 -2528.-A nethod as clainmed in claim
1, wherein said first insulation filmis formed of a spin-on film

sel ected fromthe group cansigt |ppg\egim§na§|d\j_g-imeﬁ| L cpaim 1QCHRERER an
organic SOG film and ,an HSQ 5 film 10 5. A nethod as claimed in claim i,

wherein said secon&a?-ﬂs‘iﬂ%&f}%quqcleﬁlscbﬁp‘?%CB@%ﬁl tgRnFEPSRE¥TRal havi ng

a specific dielectrperheastsgy 0f509-€ oPéxr |£uratioh. of MRt-hadoas clained
inclaiml, wherein said second insulation filmconprises an organic 20

material' of aronmti E®§PRY. 25 7. A method as claimed in claim1, wherein
said second insugation filmis forned. of a spin-on filmselected fromthe
group consisting of an SINCH film an SiIOCH film an organic SOG film and
an HSQ film 30

9. A method as claimed in .claim 1, wherein
10 said curing process is conducted at a temperature
between 400 - 470°C over a duration of 10 - 150

seconds.

15

10. A method as claimed in claim 1, wherein
said curing process is conducted such that there is
formed an intermixing layer between said first and

20 second insulation films.

25 : 11. A method of fabricating a semiconductor
device, comprising the steps of:
forming a first insulation film on a
substrate by a spin-on process;
applying a curing process to said first
30 insulation film at a temperature of 380 ~ 500°C over
a duration of 5 - 180 seconds;
forming a second insulation film on said

first insulation £ilm by a spin—on process;

_—
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I~tErE>trr Lo~ 1/l Sl Wo 02/ 03442 PCT/ JP01/ 05578 - 26 8. A met hod
as clainmed in claiml, wherein said curing process is conducted at a

t enper at ur@o oagiaeen 380 - 500C over a duration of 10 - pEhpfperegends. 5 9.
A nmethod as claimed in claim1, wherein 10 said curing process is
conducted at a tenperature between 400 = 470T over a duration of 10 - 150
seconds. 15 10. A nethod as clained in claim1, wherein said curing
process is conducted such thrittebRify isaid eedBfidaindulla@i6hXEDDn |y er
between said first _and 20 sec nd | suI atlon films. 25 11. A nethod of
fabricating a sem E‘aﬂaﬁlfcﬁpe @i ng the steps of: forning a
first insulation filmon a aiokhihgaé&d)yfaarstpmsﬁraﬁrdmﬁ&m Wippleyi ng a
curing process to sajd flrs 30 |§sul at.i Q1 filmat a tenperature of 380 -

500C over a dur atFﬁJrf‘%fs%" Spse™ lI"E‘r A 3F SBBRE i nsulation film

on said first snsulatlonfllmbyaspln on process; | LLLTTTE TEEEEDE VI
VLD 1T 1"1 s WO 02/ 03442 PCT/ JPOL/ 05578 - 27

- 12. A method as claimed in claim-11,
10 wherein said first insulation film comprises an
organlc material having a spec1flc dielectric

constant of 3.0 or less.

15
13. A method as claimed in claim 11,
wherein said first insulation film comprises an
organic material of aromatic group.
20 ' '

14. A method as claimed in claim 11,

25 wherein said first insulation film is formed of a
spin~on film selected from the group consisting of an
SiNCH film, an SiOCH film, an organic S0G film, and
an HSQ film. o

30

15. A method as claimed in claim 11,

* ¢ L M s *
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.patterning said second insulation filmto forman opening therein;.and
etching said first insulation filmwhile using said second insulation film
as a nmask. wokdmsssy method as claimed in claim1l, to whesEipegas® first
insulation filmconprises an organic material having a specific dielectric
constant of 3.0 or less. 15 13. A nethod as28l ained in claim 11, wherein.
said first insulation filmconprises an organic material. of aromatic

group. 20 14. A net adrasnChaidrddoRdC iasm didion? FiMie E6pr S ahi I St
insulation filmis formegd of a spin-on filmselected fron1the gr oup

consi sting of an SPH@E“FFI%?t%ﬁ+@§ BRELRY| 3 SREFIGIGaHRIRE S I m and an

HSQ film 30 15. A gehBedn8Soe!x:ioned nesslaim1l, I INTIL uiji hilL
1T 111l L nu~po WD 02103442 PCT/JP01105578 -28 wherein.said second

insulation filmconprises an organic material having a specific dielectric
constant of 3.0 er less. 5 16. A nethod as clained in claim11l, wherein
said second insulation filmconprises an 10 organic material of aromatic

gr oup.

16. A method as claimed in claim 11,
wherein said second insulation film comprises an

10 organic material of aromatic group.

15 17. A method as claimed in claim 11,
wherein said second insulation film is formed of a
spin-on film selected from the group consisting of an
SiNCH film, an SiOCH film, an organic SOG film, and
an HSQ film.

20

18. A method as claimed in claim 11,
25 wherein said curing process is conducted at a
temperature between 380 — 500°C over a duration of 10

-~ 150 seconds.

30

19. A method as claimed in claim 11,

wherein said curing process is conducted at a

L



15 17. A nethod as clainmed in claim1l, wherein said second insulation
filmis fornmed of a spin-on filmselected fromthe group consisting of an
Si NCH fil myoagnsaiOCH film an organic SOG film and anppdp@rdiiossis 20 18. A
method as clainmed in claim11, 25 wherein _said curing process is conducted
at a tenperature between 380 - 500C over a%duration of 10 - 150 seconds.
30 19. A nethod as clained in claim1l, wherein said curing process is
~conducted at a . ltédpdddihibel bethéddlddd H LY0Sc. ovddd lal Rirdeion/ 8440
~PCT/ JPQOL/ 05578 -29 5 erature between 400 4700C over a duration of 10
150 seconds. 5 20. "AREt¥HSPEE claimed in claim 11, wherein said curing
process is conducted such that there is fornmed an interm xing | ayer
between said 10 first and second insulation filnms. 15 111)1 1111 II [I'I1I!
L LIl ClHirl L1 s 1101(r)f

5 .

20. A method as claimed in claim 11,
wherein said curing process is conducted such that
there is formed an intermixing layer between said

10 first and second insulation films.

15
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