SPECI FI CATION  METHOD FOR FORM NG POROUS | NSULATI NG
FI LM AND SEM CONDUCTOR DEVI CE Technical Field [00011
The present invention relates to a nmethod for form ng
porous insulating film and in particular, relates
to a sem conductor device including a wring, and a
sem conduct or devi ce including damascene W ring
structure including Cu as principal conponent.
Background Art [00021 1In silicon sem conductor
integrated circuit (LSI), conventionally, alum num .
(Al') or Al alloy has been used extensively as the
conductive materi a§PEGIFBCATHOMCcent advance in
m crof abri cation technol ogy used in the nmethod for
manufacturing of LSI, and for the purpose of
r
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easily diffuses in a silicon oxide film according to
the prior art, conductive barrier netal filmfor
jen of diffusion of Cu is provided to side
Ted?%i?éfg# 8bottom face of the Cu wiring, and insulating
barfpooer] film is enployed at top face of the Cu
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[0002]

In silicon semicoﬁductor integrated circuit (LSI), conventionally,
aluminum (AD or Al alloy has been used extensively as the conductive
material. With the recent advance in microfabrication technology used
in the method for manufacturing of LSI, and for the purpose of reductioh
in resistance in the wiring and for improvement of reliability, use of
copper (Cw) in the conductive- material has begun to appear. Since Cu
easily diffuses in a silicon oxide film, according to the prior art,
conductive barrier metal film for prevention of diffusion of Cu is provided
to side face and bottom face of the Cu wiring, and insulating barrier film
is employed at top face of the Cu wiring.

[0003]

In recent years, progress in microfabrication of LSI resulted in
wirings with finer dimensions, and increased capacity between wirings
poses a problem, while introduction of porous low-dielectric constant film
to interlayer insulating film has been accelerated. This is because
employment of multilayer wiring to semiconductor elements allows

high-speed and low-power connection, realization of low-dielectric



2 constant features of interlayer insulating filmas
well as mcrofabrication are effective, and it is
therefore necessary to neet with both requirenents.
[ 0004) - For the purpose of reduction in effective
capacity between wirings, realization of
| ow-dielectric constant features of interlayer
insulating film(in this gase, silicon oxide film(k
= 4.2)) is necessary. As ow-di el ectric constant
film for exanple, HSQ (Hydrogen Silsesqui oxane)
film CDO (Carbon doped oxide) or organic filmare
consrhaht;%dure‘léh@%mta:rleyelf orawvdaltibg filot as iwell epaticynfabrication
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fé;ﬂg g nsul atl ng filmusing plasnma CVD net hod.
at ent Docurrent 2 describes a technol ogy of form ng
por&l(mrl]nsul ating filmusing cyclic organosiloxane.
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Patent Document 1 discloses a technology of forming porous
insulating film using plasma CVD method. Patent Document 2
describes a technology of forming porous insulating film using cyclic
organosiloxane.

Patent Documentl: Japanese Patent Application Laid-Open No.
2004-289105 _

Patent Document2: Japanese Patent Application National
Publication No. 2002-526916

Disclosure of the Invention
Problems to be Solved by the Invention

[0006]

As described in the patent documents, according to the prior art,
porous insulating film having specific inductive capacity of
approximately 2.6 can be formed by the plasma CVD method using raw
materials including cyclic organosiloxahe. - However, in --accor.dance with
microfabrication of LSI developed recently, necessity for a method for
forming porous insulating films having specific inductive capacity 2.4 or

less is cited, while forming by the plasma CVD method which ensures



form ng porous insulating filns having specific

i nductive capacity 2.4 or less is cited, while
form ng by the plasnma CVD net hod which ensures 3
excel | ent adhesiveness is pafticularly desired.
However, the prior art has the follow ng drawbacks.
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CU!’TEH _ _ or mat | _on net _
haé?kllﬁé%’ﬂﬂ?ﬁv@ﬁg@ﬂsﬁ%h@ﬁs!ype is used, in which raw

mat eri al nononers are deconposed in plasma. For this

rea$0007] hydr ocar bon conponents bound to raw materi al

nononers are detached, and such a problem arises
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or me aving isopropyl group at ‘side chain,
notaggédibdsahndelaiitatioss of Redwti@reinispechfiormidettbye capacity is
havi ng vinyl group at side chain, whereby specific
up todpeproxem atehali Ty of approxi mately 2.5 can be
obt ai ne However, even in this state, hydrocarbon
anol@®OBh the filmis smaller than that of raw
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approXemadtely SBeK ikooBtAM«de atethBéndrance is formed by having
1sopropyl group at side chain, additional reaction of the monomer is
promoted by having vinyl group at side chain, whereby specific inductive
- capacity of approximately 2.5 can be obtained. However, even in this
state, hydrocarbon amount in the film is smaller than that of raw
material monomers, and for the purpose of further reduction in specific
inductive capacity, a method, which further suppresses detachment of
hydrocarbons, maintains framework of raw material siloxane as much as
possible, and ensures formation of low-density film, is desired. |

[0009]

Embodiments of the present invention seek to provide a method
for a forming porous insulating film using cyclic siloxane raw material
monomers, that 1s, a method for a forming porous insulating film with
reduced specific inductive capacity, and a semiconductor device including
porous insulating film being formed by this method.

Means for Solving the Problems



for a formng porous insulating filmusing cyclic
sil oxane raw material nononers, that is, a nmethod
for a form ng porous insulating filmwith reduced
specific inductive capacity, and a sem conduct or
devi ce including porous insating filmbeing forned
by this nmethod. Means for Solving the Problens 4
[ 0010] The inventors of the present application
i nvestigated nethods for a form ng porous insulating
filmand found the above-nentioned nethod for a
f or f0O0goOporous insulating film [0010a] In
accordance with a first aspect of the present
i nvéfhé anyenbers of $hepprededddappheation investigated mgethods for
porous insulating film_wherejn in_a. nethod for
a formamg paneUsnnaweitheg filomamd gw%déhﬁaﬁgpva“éﬁegmqrtﬁd method

net.hod. by suppl vi ng,at. | east cyclic organosil oxane
for a, formy ipé’Fgﬁﬁ 1515%11%’%1‘@(% ﬁi?ncharrber; a mxed gas of
t he @MEQET organosi | oxane raw material and a
com! u aw material containing a part of chem cal
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material 1s used. ot her rds, energy
providédod elethbHOfSr i) fbP@iAkapiPols ihedlgtithg Wik Witrein in a
use of the gas in which cyclic organosil oxane raw
methoér fat farthiddeanoapsulatingwiiiet ebyalplasmari wagohr deposition
and _an insulating filmis formed while nononer .
meshod chyrsupplyong ¢ ragdnerelioxenganosilor@ns iraw jmaterial to a
g
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mat §npabpptructure thereof. In particular, presence

o In other words, energy flux of electrons in the plasma is reduced

with the use of the gas in which cyclic organosiloxane raw material and
the compound raw material are mixed, and an insulating film is formed
while monomer structure of cyclic organosiloxane raw material is
maintained. On this occasion, electrons in the plasma lose energy thereof
through collision with compound raw materials, probability of
destruction of cyclic organosiloxane raw material decreases, and porous
insulating film can be formed while cyclic organosiloxane raw material is
maintaining raw material structure thereof. In particular, presence of
the compound raw material including chemical structure identical with
that of the cyclic siloxane raw material in the reaction chamber enables
suppression of decomposition of cyclic organosiloxane raw material.

[0011]

In the meantime, while the mixed gas is in vaporized state,

mixing ratio of the compound raw material with regard to 100% by



t he compound raw material including chem ca

structure identical with that of the cyclic sil oxane

raw material in the reaction chanber enables

suppr essi on of deconposition4pf cyclic organosil oxane

raw material. [0011] 1In the fleanti me, while the

m xed gas is in vaporized state, mxing ratio of the

conmpound raw material with regard to 100% by 4a ) _
volohend tife cydicpcganostlgaansitax anateral nateefarably in a range

preferably in a range from5 to 200% by vol une.
1}0P®@&Q120®éébﬁéﬁﬂ@dﬂ$or form ng porous insulating film

acc%bgigg to enbodinents of the present invention is

charl®&e&di zed by that the m xed gas is produced by 5

or pasGi Plscell BN RAbIPES SR B, oilmg,, acoording to
emPidedHts ek ?ré@&‘h’c@h.@é fon INchWRh e rs¥&d 1y that the mixed

organosi l'oxane raw material and the conpound raw
gagﬁ;?gbéhcgaeun1xed Wth arbitrary ratio, is used,
cost reduction can be attained through a sinplified
filmformng device, sinplified film form ng
sequence, and stabilization. [0013] Further, the
conpound raw material includes a part of side chain
of the cyclic organosil oxane raw material. For this
reason, if a side <chain, that is a detachnent
conmponent, is caused to be present in advance in the
vapor phase, side chain bonding can be
thernodynam cally stabilized and detachnent of side
chain that i.s bonded to cyclic siloxane can be
suppressed. [0014]



Cyclic organosil oxane raw material has a structure
represented by Chemcal fornmula (1) shown bel ow,
wherein RI and R2 are preferably any one or nore of
nmet hyl group, ethyl group, propyl group, isopropyl
group, vinyl group, and allyl group, and
specifically, a structure represented by Chem ca
formula (2), Chemical formula (3), or Chenica
formula (4) shown below is preferable. [00151,
[Chemical Formula 11 RQRB or ~Q R2 RRz
(Chemcal formula (1)) 6 [0016] [Chem cal Fornula 2]

vaperiiB G <mfixed , fae HeateBial 88 #heOdPelitBorganbs &t LCHAw

H3C (Chem cal formula (2)) [0017]_[Chemi cal Formula .
magrialCpgd H3e ep@pound raw material en a raw material, in
which cyclic organosiloxane raw material and the compound raw
ma_terial are mixed with arbitrary ratio, is used, cost reduction can be
attained through a simplified film forming device, simplified film
forming sequence, and stabilization.

[0013]

Further, the compound raw material includes a part of side chain
of the cyclic organosiloxane raw material. For this reason, if a side
chain, that is a detachment coinponent, is caused to be present in
advance in the vapor phase, side chain bonding can be
thermodynamically.stabﬂized and detachment of side chain that is
" bonded to cyclic siloxane can be suppressed.

[0014]

Cyeclic organosiloxane raw material has a structure repijesented by
Chemical formula (1) shown below, wherein R1 and R2 are preferably
any one or more of methyl group, et]iyl group, propyl group, isopropyl
group, vinyl group, and allyl group, and specifically, a structure
represented by Chemical formula (2), Chemical formula (3), or Chemical
fotmula (4) shown below is preferable.

[0015]

[Chemical Formula 1]
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{Chemical formula (1))



SI1 O H3CG81 ~\ .1Si -CH3 H9 CG< D > CH3 CH3 H3C

(Chemcal fornmula (3)) [0018] [Chemi cal Formula 41

CH3IHC-</~CHZ Si HOOOCH3 30-<) CH3 CR3

H2G (Chem cal fornmula (4)) [0019] Alternatively, the

conmpound raw material preferably includes a 7

reacti on precursor of the cyclic organosil oxane, or a

compound, in which the cogpound raw mat eri al

cnopri ses at |east silicon, oxygen, carbon, or

hydr ogen, having chem cal structure represented by

the followwng Chemcal fornmula (5 my be used.

Furfob@e] two or nore of these the conpound raw

nat rlals g&y be n1§ed [0020] [Chemi cal Formula 51
or

(Chemical formula (2))

[0017]

[Chemical Formula 3]

CHg
c
Si/
T
Hyc—s| 8i-—CH,

o’
Hac——<< >>_.GH3

CH, HaC

HyC Ha

(Chemical formula (3))

[0018]

[Chemical Formula 4]

" (Chemical formula (4))
[0019]

Alternatively, the compound raw material preferably includes a



C HN CH3 (Chemical forrmula (5)) [0021] In

particul ar, the conpound raw material is preferably
at |l east either of nethanol, ethanol, propanol, or

i sopropanol . [0022] When the porous insulating film
accordi ng to enbodi nents of the present invention is
used as the interlayer insulating filmbeing forned
on a substrate on which sem conductor elenent is

reaEﬁ Mefred @McrapRehé Yy cliRab M ASoNRI VA ¥ b B@S A, in which
attained and at the Sane tine, higher insulation

thel @rhpbuhid ¥awsmotted] dlegin op@tt2aht lémtagﬂmdﬁm@gmﬂ hcarbon, or
a second aspect of the present invention, there

hy diogeinde dhaavingni dondiztlorstateet gee | nepmﬂa‘@edn by the following

i nsul at| ng filmbeing forned pl.asma vapor

Chempeosl d%dmw b@pBB?dng%ﬂqhé’dsltWa) ey cmage of these the
or gan85| I oxane raw material .to,the reaction chanber,

compieRd L TR RTRRIALS A PEGRIERD] udes por ous

ms%@q)rg filmbeing formed by a m xed gas of the
c organosil oxane raw material, and the

Co”PGHB%mQWFH?&EﬁIe@'!S! containing a part of chem cal

structure conprising the cyclic organosil oxane raw
~material. [0022b] In accordance with a third aspect

of tHhggpresent invention there is provided a

serri comquctor device including an insulating film

ek Ny f@rmsd b Iasma vapor deposition nethod by
§’U.Qply|n yé za cyclic 8
o—5i

H G/LGH

3 3 (Chemical formula (5))

[0021]
In particular, the compound raw material is preferably at least
either of methanol, ethanol, propanol, or isopropanol.

[0022]

When the porous insulating film according to embodiments of the
present invention is used as the interlayer insulating film being formed
on a substrate on which semiconductor element is formed, low-capacity
features between wirings are attained and at the same time, higher
insulation reliability is obtained.

[0022a]

In accordance with a second aspect of the present invention, there
is provided a semiconductor device including an insulating film being
formed by plasma vapor deposition method by supplying at least a cyclic
organosiloxane raw material to the reaction chamber, which
semiconductor device includes porous insulating film being formed by a

mixed gas of the



organosi | oxane raw material to the reaction chanber,

whi ch sem conduct or devi ce includes porous

insulating filmbeing formed by a m xed gas of the

cyclic organosil oxane raw material and conpound raw

mat eri al containing a part of/asi de chain of the

cyclic organosiloxane raw material. [0022c] 1In

accordance with a fourth aspect of the present
cydlfbv%}?‘aﬁ’l@’sﬂb&@&& raSv PRQitedRd, aas@MtEendoeipyutteVvio® material

inclulfding an insulating filmbeing forned by plasm _
contapeingleposigaian oet hdtbrhjcadupptyticigrat ¢@aprising the cyclic

cyclic organosiloxane raw material to the reaction
orgaiarsirzawhiraWw medeirszdnduct or devi ce incl udes porous

insulating filmbeing formed using a m xed gas of

t he @982@8 or ganosi | oxane raw material and conpound

Es\é\ﬁpcnaatgng}j | tqhgﬁg%% 3 %la%tﬁ}{)eg(?[i tglf Céj FP%%%%E% iﬁgggﬁon there is

fe res Nty .Layvent | L1 e : :
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ﬁ&% IdSp | AMSIEA BB at least a cyclic
for 00 %?&ﬂ\%\%?ﬁat ﬁ@%use o?égiﬁfeﬁ%%&o?yform % %or ous y

insulating filmand a sem conductor device according

to enbodi nents of the present invention, :

| ow-dielectric interlayer constant filmmy be

acconpl i shed and eventually, performances of wrings

may be inproved and formation of LSI with high-speed

and | ow power consunption features may be nmade

possi bl e. Best Modde for Carrying Qut the Invention

[ 0025] Before explaining the invention of the present

application in



greater detail, neanings of terns used herein w be
explained. 8a [00261 Lowdielectric constant fi
denotes, for exanple, a filmfor separating wring
menbers by insulation (interléyer insulating film,
and indicates a material with [ower specific
i nductive capacity than silicon oxide film (specific

orgfra%g)léﬂtdx\é%ecaq%ﬁﬁt YimdtePlalised f ehet NeeBUERSe Hafber,  which

eduction 1n'the capacity of nmultilayer wrings

serRROMGIIDY RAMceaRIGHSS patlotieiiSulatais i flvhdsding t@med by a
porous insulating filns, for exanple, naterial wth ,

mitedenasspfthei eydlideeghnesidearanit yawsindtesloandecdinpound raw
Is made porous), or materials with | ower_specific

matexdat tdondatmipes iat papk ofl sedel chiatonofHEee (wgdicogrganosiloxane raw
Si | sesqui oxane) film or SiOCH SiOC (e.g., Black

mappEfbnd (registered trademark), CORAL (registered

traiﬁ %k , Aurora (registered trademark)) by making

t he ﬁg s, are nentioned. At present, attainnent '

of riher 4 r_diele ' fi : :
oL Y AISHANETW LR A8RSLelt AL IS8R iVEhtion, thor
is dieAeat S?ﬁ%éﬁauewﬁ deRdcdBhelu@ips aheiraldinedilm being
rimarily of Cu. For the purpose of inprovenent of
- forfRld BYiplalsn 8fvapsabbpesitich ngetivodrbyakapphpirat hitdeast a cyclic
el enent other than Cu may be included in the .
orgamibeilioai neo NPIEve | ngmﬂe,riml)r/ rbet althiec ekartion otdhember, which
than Cu maybe forned on top face or side facg of ?J i
senjpopguctoneyiendnal kdey Posavs dasalatinge §lm peheg formed using
pro d in,such.that a netallic wirin
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maP gAY oo g AR GHRSaASBY Cabis Y ALs HedTosiloxane raw
maliif;hng structure normal 'y enpl oyed
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[0023]

Novel features of the present invention will be better understood
from the description of the specification and appended drawings.
Effect of the Invention

[0024]

With the use of a method for forming porous insulating film and a
semiconductor device according to embodiments of the present invention,
Jow-dielectric interlayer constant film may be aécomplished and
eventually, performances of wirings may be improved and formation of
LSI with high-speed and low-power consumption features may be made
possible.

Best Mode for Carrying Out the Invention
[0025]
Before explaining the invention of the present application in

greater detail, meanings of terms used herein will be explained.



when a damascene wiring is fornmed by Cu is such that

side face and periphery of Cu wring are covered by

barrier metal, and top face of Cu wring is covered

by insulating barrier film $®0291 CMP (Cheni cal

Mechani cal Pol i shing) nethod denotes such a nethod

that concavity and convexity on wafer surface

genﬁgﬁgg during rmultilayer wiring form ng process

are attened by polishing by contacting the
CONT AV e RiREricoeRdthyit t 6ilm rdeaviosy fbr askamplad a film for
while abrasive liquidis introducing to the wafer . .

sepathtiage wRangi mdmbeys by irotatinp v&lnttﬁéétyw insulating film),
damascene nethod, this method is used to remove 10 ‘v th

andsumslicstaretealmagerial wikhtlgwer MaaEy ARV FRRgCLY than

...groove_or_ via hole and to obtain.flagt WLl

siligom oxade fflé?@)g%ﬂe‘:@%?r fdnetius SpPagitst k2 vssior thepurpose of
filmincluding barrier features used for covering
side face and bottomface of the wiring for
prevention of diffusion of netallic el enent, that
conprises the wiring, into interlayer insulation
filmor lower |layer. For exanple, when a wring
conprises netallic elenents conposed primarily of
Cu, high-nelting point netals such as tantalum (Ta),
tantalumnitride (TaN), titaniumnitride (Ti N,
tungsten carbonitride (WCN), nitride thereof, or
their lam nated filmare wused. [00311 Insulating
barrier filmis fornmed on top face of Cu wiring, has
functions to prevent oxidation of Cu, or diffusion of
Cuintoinsulating film and acts as etching stop
| ayer at processing. For exanple, SiCfilm SiCN
film SINfilmor the like are used. [00321



Sem conductor substrate is a substrate on which is
conposed a sem conductor device, and includes SO
(Silicon on Insulator) substrate, TFT (Thin film
transistor), or substrate for liquid crystal
- manufacturing, as well as those provided
specifically on single crystal silicon substrate.
[ 00331 Hard mask denotes gn insulating filmwhich is
| am nated on the interlayer insulating film and
pl ays a protection role, when performng CM
directly is difficult due to strength reduction by
redﬁa\i\axd irekke tapacity ofhshdhiaydr wiwngs tcenhaydmg pemmidoandiungpr
film [Q0341 P ssiyvation filmis for he
elemepis, maia ntwé%r B T BSoI RSl BRER, o camRe

matePla® wifh @6 %*5 cﬁﬁ@ 1§@1§ﬂtwgﬁ'§éﬁfy (Sli8EBkide P is made

nnlstures e outside. I'n the present invention,
pordhis), il nmdxanals avith tloivee $pdaifi¢ SinGNytifer cramiciiy plrfahmd

 from (1550 (Hndgoephasite ey oen i <ot S CEE (S 48 nlack
Dla&%hd%gggk&edft@%eﬁ%ﬂ icahRIATL, Q%%ﬁ&léﬁe@%ﬁ‘d%zda&k) Aurora

suppl | continuously to reaction chanber under
(regigdrmb drpdensrk)d, byohekingshame purbusniage ementianedn At

oo i AT S By oS oYM (A Sy s

des%%strate surface reaction, or the like. [0036] TFor

nmet hod, al though ordinary sputtering nmethod nay

be[O(D%ﬂd i f 1nmprovenment of burying characteristics,
ro enment of film quallt uniforn

t h| grqs,qn\i;v&fxgn pgﬁg imant, m hXc gvfirifnigl zrnpaterials‘
e SRSy 0PN | BTGB T o o
relidnliby mfitraesilit tven'mg metehizds, ingriadedelement other than Cu
may be included in the material comprising Cu, or metallic element other
than Cu may be formed on top face or side face of Cu.

[0028]

Damascene wiring denotes a buried wiring produced in such that
a metallic wiring material is buried in a groove of interlayer insulating
film being formed in advance, and surplus metals other than the groove
are removed by CMP or the like. Wiring structure normally employed
when a damas;:ené wiring is formed by Cu is such that side face and
peripﬁery of Cu wiring are covered by barrier metal, and top face of Cu
wiring is covered by insulating barrier film.

[0029]

CMP (Chemical Mechanical Polishing) method denotes such a
method that concavity and convexity on wafer surface generated during
multﬂﬁyer wiring forming process are flattened by polishing by
contacting the concavity and convexity to a rotating abrasive pad while

abrasive liquid is introducing to the wafer surface. Particularly, in

forming wirings by damascene method, this method is used to remove



sputtering nmethod nmay al so be used. Wen sputtering
an alloy, a netal other than principal conponent is
caused to be contained in advance in a netal target
within solid solubility imt to obtain an alloy film
from metal filmbeing forned. In the present '
invention, this nethod may be wused for formng Cu
seed Iayer or form ng barniger netal |ayer when

- damascene Cu-wiring is prlmarlly fornmed. [0037] TDDB
(Time Dependent Dielectric Breakdown) service life is
a nethod for predicting atinme till occurrence of

surphsu et lsnafies tr mxthbas byriab celtbe aviing gseoveFor via hole

anpl e, .when TDDB service life of between wirings
an‘fg" %ﬁé’bﬁé& WIBIRE ST Sff“(]'%e TEG (Test Elenment Group) is
conparatively high electric field of
308]

approximately from1l to 4 M/cmis applied under
neaBurxéﬂen:teta:bdethd:ﬁee res caoid ectpree fibh ennpludéng bamper ftainges

e P TR AR, B
lﬂﬁgl’%ﬁt bt mebh®icd T:l%ﬁpéﬂtc éﬁl'a@r&oﬁhﬁrlées tHd WitingUl@lol BRerlayer

estruction allows conparison of superiority or
insulation fitmtor kiveolaf@DB Frer vxampld, fwehef GO88Ming( @uprises

0 si | oxane raw pateri d.co und.r.aw .
metaliie FPFULSTERINPETS rff&ﬁﬂ%&&& Gii Bietmaling pojnt metals
suchY4 k£n@QiQAN gle)l VAREIAVITRIAR" (15 (T%JN)art&aamomﬁﬂeamN)

material used I'n e met hod f formng porous
tungsienl arbogittiden{BCNhaipides éhereouﬁ,v(anthemn larfipeaed film are -

&ycl i c organosil oxane raw material is a compound
Us€fepresented by Chenmical fornula (1) shown

prembgﬂsly Al kyl group R, R2 in Chemcal fornmula

(1) are methyl group, ethyl group, propyl group,

| sdmsaoatingbawpier filmyis frrowgd cal k9p fgeowp, erwlrh@ has
fun(lztlltg(lss toS %?-gxlrgllltc ?}Q(f/angzy %f K l(l:l })19 diffusion of Cu mto insulating
film, and acts as etching stop layer at processing. For example, SiC film,
SiCN film, SiN film or the like are used.

[0032]

Semiconductor substrate is a substrate on which i1s composed a
semiconductor device, and includes SOI (Silicon on Insulator) substrate,
TFT (Thin film transistor), or substrate for liquid crystal manufacturing,
as well as those provided specifically on single crystal silicon substrate.

[0033]

Hard mask denotes an 1nsu1at1ng film which is laminated on the
interlayer insulating film and plays a protection role, When performing
CMP directly is difficult due to strength reduction by low-dielectric
constant of the interlayer insulating film.

[0034] 7

Passivation film is formed on the uppermost layer of a
semiconductor element and has a role to protect the semiconductor

element from moistures from the outside. In the present invention,



or ganosi | oxane raw material is preferably conmpound
represented by Chemcal fornulae (2) to (4) shown
previously. [00401 Specifically, the conpound raw
material is preferably a conpound including a part
of chem cal structure conprising the cyclic

or ganosi | oxane raw material, and a conpound i ncl udi ng
side chain (al kyl group qﬁund to Si, or the like) of
the cyclic organosil oxane raw naterial is

particul arl'y preferable. For exanple, the cyclic
organosi l oxane raw material in Chemcal fornmula (1)

silicén 2a&i@MAHAGe | fithUdiSIONBadbrobdalblyy IplagnaudVBl, méhod,
The cyclic organosiloxane raw material in Chem cal
polybmidel falng, 0r the ke erpspd i ncudi ng et hyl group and
i so&&g}il group, the «cyclic organosil oxane raw
mat er’l in Chemcal formula (3) is a conpound

i ncydigigsmRtEVD geaupd ap Guchop hodthbd ghet dor themple, raw
cyclic organosil oxane raw material in Chem cal

mateyialuim geagjoussstate oapotmlied gentanagslyi toy reagtimchamber

| sopr |, arou and pro 0 0 he_J.
und 0B 0 e sa: RN PR b Pabivtfiop, wigte by
pladinGONeregr 2P o Sontiaueds Fidnt helfgamioonds substitatenby vapor
particular, nethanol, ethanol, propanol, isopropanol

physempapction, eeubgtrateaswrinenreantion orghe ke, conpound
ravtobg mat eri al s may be al kane (nethane series .
hyd QJ bon), al kene (ethyl ene series hydrocarbon),

al kirpe KA ehbyheNeaRbbugE Midnasarspanikriis thethodkmaynbe
which H or further CH3- or the |like are bound to the
usedoridumrovemgpé coff baaying charpderatieawimRrevaraent whyfilm

ol R s RARS, pHFED H mto
conBRRZ8{16ns  fPutRdhnb hesaeliewhidpbhsilee B@od Alirddidvity kech as
lon[p?’g;‘rléf%‘alﬂgjdrt’tspf;ieé;a&nghgg,negﬂ?ga{:g Vgpﬁ}:giﬁga ! mle?:hod, ionized
sputtering method may also be used. When sputtering an alloy, a metal
other than principal component 1s causéd to be contained in advance ina .
mei-:al target within solid solubility limit to obtain an alloy film from
metal film being formed. In the present invention, this method may be
used for forming Cu seed layer or forming barrier metal layer when
damascene Cu-wiring is primarily formed.

[0037]

TDDB (Time Dependent Dielectric Breakdown) service life is a -
method for predicting a time till occurrence of insulation destruction by
accelerated test. = For example, When TDDB service life of between
wirings is measured, a comb type TEG (Test Element Group) is used, a
comparatively high electric field of approximately from 1 to 4 MV/cm ié
- applied under measurement conditions of a predetermined temperature
(e.g., 125°C), and leakage current flowing between the wirings is

monitored. Measurement of a time from electric field application start

till insulation destruction allows comparison of superiority or inferiority



precursor of the cyclic organosil oxane raw materi al .
In other words, the <cyclic organosiloxane is
obt ai ned by causing the reaction precursor to react.
The reaction precursor of this cyclic organosil oxane
raw material, is a conpound including a part, of
skel eton of the cyclic organosil oxane raw nateri al
and includes at |east hyd{§gen, carbon, oxygen,
silicon. The reaction precursor represented by
above-nentioned Chemcal fornmula (4) that is cyclic
organosi |l oxane raw material is represented by
ofTEEﬂB%eﬂaﬁéMﬁmed Chemical forrmula (5), and therefore,
thaie cyclic organosiloxane raw materials and
re& n precursor thereof are used as the m xed raw
rmt(%(,&ﬁé 31f'gta Host RxThBFa Qf m@x%ﬁ%lf aPH] %Hin?;bhﬁﬁ rfalw Material)
poerous I nsul ati ng | ower
di gitec lftﬁﬂ@wﬁfgn sleaatipbienodealspesth hclyehc qrgasadildome raw

above- shown conmpound raw |
matabl@%@miemmeﬂ’égp go? ﬁt‘fA‘A-a1 he ﬁ%ﬁ%‘od for a forming
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mafepdall and conpound raw material is not

. specifically I'imted, |nastaltse where ea of r%wb
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I'c organosi | oxane mat e Is preferable

formtial (E.!.) armm@ﬁhyg agzoap, e:glgﬂlg:coupgpmmzﬂ Igwmasomopyl group,
mat eri al and_conpound ra rrat 151 duced to li
vinplhgreuact pdNl EFawBer o déber il Ia 8?§ CBHYf o ngyeic

orgagxa Ssﬁggtg{f% 15 u*z@attbﬁglﬂ | ﬁe‘i‘ﬁﬂl Eoiﬂ)ouhﬁwré?&te%hﬁa'd by

e CycCl1 Cc organo oxan raw materi a

Chemmmadldlaw(ﬁhtceﬂ)&ﬂlomiypbwinusdgd in the reaction
chanber, or liquid raw material being mxed in a
st Qpiﬂlor to the reaction chamber (mxed raw

%&m&u&@ dﬂé‘%&?ﬁ:.! Bdvasd ﬂé&gga&%ﬁg)rggggmﬁ%mund
inclﬁ@mgf i aedpast t bé Sdhemlpal ostiwcttitee rcemgpirisong the cyclic
organosiloxane raw material, and a compound including side chain (alkyl -
group bound to Si, or the like) of the cyclic organosiloxane raw material
| is particularly preferable. For example, the cyclic organosiloxane raw
material in Chemical formula (1) is a compound including each of alkyl
groups R1, R2. The cyclic organosiloxane raw material in Chemical
formula (2) is a compound incuding ethyl group and isopropyl group, the
cyclic organosiloxane raw material in Chemical formula (3) is a
compound including methyl group and isopropyl group, the cyclic
organosiloxane raw material in Chemical formula (4) is a compound
including vinyl group, isopropyl group, and propyl group or the like.

[0041]
Compound materials may be alcohols in which alcohol group is

bound to the comp'ounds, and in particular, methanol, ethanol, propanol,

isopropanol (IPA), or the like are mentioned. Further, compound raw



chanber are m xed in the vaporizer and m xed gas

t hereof may be used. [0045] (First exenplary

enbodi ment) In the present invention, in the nethod
for formng porous insulating filmpreferable for
interlayer insulating filmby the plasma vapor
deposition nethod while supplying at |east cyclic

or ganosi |l oxane raw nateriyal to reaction chanber,
formng is made possible with the use of a mxed gas
of cyclic organosil oxane raw material and conpound
raw material. [0046] A first exenplary enbodi nent

mafddialk Qﬂﬂ% he dlﬁﬁﬁéi(nidﬁlhﬂhatsielﬁ'@sfhydrbcmﬂjolné, slkppk \(ethy lane
vaporized raw material supplied.t ti .
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Spdedficadlyl @bMHptanRor@wsSmiatstibdd imay fiel methahmethiam mbrepane,
based on the nethod of the present invention. {0‘ .
ethpleasmacevipnelews the dtkes hdin BAFIEARS Copporind dialexials may

reaction.ch I VA ti 20,
be §GREhk iR AR nine YA aALRE Ok B 1988 L O Doty

40.[obhg] gas supplying section 20 is connected to the

reacti on chanber 10 by a gas supplying pipe, 22, and.
t hef"weibanmthbengpmpopad E%Wn@é%téﬂlatqolst Wée%ééglﬂ ¢ reaction

chanber. .10 bw- X : t i .
orefRBR 0 A5 T B ea T oty MR B BhergRelty Phe
cycROWREan&diRaned & iobtLiavteby athusing her sactioanprdrarber to

10 by a high-frequency  cable 44 with mat chi ng box .
readiz Thsumasdion BREGHTSS Of (e 8YCIic, OTFRPODAZERS Faoh BpjeFial

is algom%oﬁﬂgsﬁaﬁf(ﬁngegtﬂagﬂ TR 3o M & chlic organosiloxane
raw material énd includes at least hydrogen, carbon, oxygen, sﬂicon.
- The reaction precursor represented by above-mentioned Chemical
formula (4) that is cyclic organosiloxane raw material is represented by
above-mentioned Chemical formula (5), and theréfore, if these cyclic
organosiloxane raw materials and reaction precursor thereof are ﬁsed as
~ the mixed raw materials for forming of porous insulating film, forming of
porous insulating film with lower dielectric constant becomes possible.

[0043] | |

For above-shown compound raw material, one of above-mentioned
compounds or two or more above-mentioned compounds may be used.

[0044]

Although mixing ratio of cyclic organosiloxane raw material and
compound raw material is not specifically limited, in a state where each
of raw materials is vaporized, about 5 to 200% by volume of compound
raw material with regard to 100% by volume of cyclic organosiloxane raw
material is preferable. While a mixed gas of eyclic organosiloxane raw
material and compound raw material is introduced to the reaction

chamber (described later) for forming of porous insulating film, each of



hol ds and heats a forned filmnenber 1 such as
sem conduct or substrate, and a shower head 5 to
whi ch one end of the gas supplying pipe 22 is
connected and which functions as gas bl ow ng section
are di sposed each. in opposed state. An earth wire 7
is connected to the substrate heating section 3, and
the high-frequency cable 44 is connected to the
‘'shower head 5. Therefore, gas in a space between the
substrate heating section 3 and the shower head 5
can be turned to plasma while raw material gas or
rawt haatédiel i sasuphl fhed dyeben vhgaresiloxappl yhwg Batarign and

A SR T B P
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supplied to shower head 5 after a predeternm ned
rawf neqeriadyis sapatibet hyed veherisen apyl mived ghs thupdroduced

mag b 0401 TOTHEASUAR PRI CLLER SISERPREY thE T fotion
chagg:fe‘?rra{ Al mBast SUPRY Yapdid/tiSadd niey §@§ thBfolwidEbe used.

pendi ng on the nunber of types of cyclic
or g#0ds] | oxane raw material gases to be used, supply

ta s many, as the.nunber dependi ng on the nunber

of n@’b%@@lm 86‘?’&?%_‘%%nateri als to be used, gas

supp yt}m'éa ScdifY iRPEAIISH, 9AStRE HeltHbd Ofor0&Srming porous
e

(hereafter referred to as "carrier gas supply tank"),
inswladirey filine prefechbide®dr mterleger 1astlating filwgbyddesplasma

bei ng supplied. by e t ank. .[ 00501 One.end of tRhe .
vapgE el DBy s o wpa SO Chdors it s dsane
raw ﬂla%éﬁaf 1o RE8ci3OR WA a RIRR 1 Ciiehl 16 50k GARGS bbEBREwitdthe use

material gas supply tank 11, one conpound raw
of anmiired glasgdscyslippirganesiloxi@e o materzdrandeomgaygnd raw

supply tank 15. The cyclic organosil oxane raw :
Ina%%ﬁﬂrial"gas supply tank 11 is connected to the

‘m q@p44P by a piping 12, and the conpound raw

material gas supply tank 13 is connected to the m xer

19 Ayfirst pxpimgary embodiment for forming porous insulating film

while supplying a vaporized raw material supplied to a reaction chamber,
will be explained hereunder referring to FIG. 1.

[0047]

FIG. 1 is a schematic view showing one example of plasma CVD
* device which can be used for a forming porous insulating film (film
forming) based on the method of the present invention. A plasma CVD
device 50 shown in FIG. 1 includes a reaction chamber 10, a gas
supplying section 20, a vacuum pump 30, and a high-frequency power
supply 40. The gas supplying section 20 is connected to the reaction
chamber 10 by a gas supplying pipe 22, and the vacuum pump 30 is
connected to the reaction chamber 10 by a valve 32 and an exhaust pipe
36 with a cooling trap 34 mounted midway. The high-frequency power
' sﬁpply 40 is connected to the reaction chamber 10 by a high-frequency
cable 44 with a matching box 42 mounted midway.



16 14, and the carrier gas supply tank 15 is
connected to the mxer 19 by a piping 16. Two val ves
18a, 18b and a gas flow rate control section 18

equi pped with a gas flow rate controller 18c di sposed
between the valves * 18a, 18b are provided in each of
the piping of 12, 14, 16. [0051] Meanwhile, a

cl eaning gas supplying pipg 28 to which are disposed
a flowrate controller 24 and a valve 26 is connected
to the gas supplying pipe 22 mdway, and a waste
fluid piping 38 is branched between the valve 32 in
théogﬁﬂ exhaust pipe 36 and the cooling trap 34. It
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 [o049]

The gas supplying section 20 includes raw material gas supply
tanks as many as the number depending on the number of types of cyclic
organ;asiloxane raw material gases to be Iised, supply tanks as many as
the number depending on the number of types of compound raw
materials to be used, gas supply tanks for carrier gas or dilution gas
(hereafter referred to as “carrier gas supply tank”), and further includes
a mixer 19 for mixing gases being supplied by each tank.

[0050]

One end of the gas supplying pipe 22 is connected to the mixer 19.
In FIG. 1 are 'shown- one cyclic organosiloxane raw material gas supply
| tank 11, one compound raw material gas supply tank 13, and one carrier
gas supply tank 15. The cyclic organosiloxane raw material gas supply
-tank 11 is connected to the mixer 19 by a piping 12, and the compound

raw material gas supply tank 13 is connected to the mixer 19 by a piping



40 and the matching box 42 are operated to supply
hi gh-frequency electric power at a predeterm ned
frequency to the reaction chanmber 10. [0053] 17 On
this occasion, flow rate of each of gases is _
controlled by the corresponding flow rate controller
18, a mxed gas with a predeterm ned conposition is
generated by the mxer 194gnd is supplied to the
react.ion chanber 10. Partial pressure of the raw
material gas in the reaction chanber 10 is
preferably selected appropriately within a range

14, abmlithe ﬁamegés tapglyTomk 1Anbicenhegedstsutte mixdhed by a
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chamber 10.
[0052]

In the method of forming organic silicon series film by the plasma

CVD device 50, first, the formed film member 1 such as semiconductor
substrate is disposed on the substrate heating section 3, the vacuum
pump 30 is operated while the valve 32 is opened to attain initial
vacuum degree in the reéction chamber 10 down to several Torr.
Moisture in the gas exhausted from the reaction chamber 10 is removed
by the cooling trap 34. Subsequently, raw material gas (gaseous cyclic
organosiloxane gas) and compound gas are supplied from the gas
supplying section 20 to the reaction chamber 10 together with carrier gas
or dilution gas, and at the same time, the high-ﬁ'e‘quency power supply
40 and the matching box 42 are operated to supply high-frequency
electric power at a predetermined frequency to the reaction chamber 10.

[0053]



pol yneri zation reaction proceeds anong nol ecul es,

wher eby porous insulating filmis grown. [00551 For
cl eaning of the reaction chanber 10, gases such as
nitrogen trifluoride (NF3), sulfur hexafluoride
(SF6), tetrafluoronmethane (CF4), hexafl uoroethane
(C2F6) may be used, and these gases nmay be used, as
18 necessary, as t he n1xqq gas with oxygen gas,

ozone gas, or the like. The cleaning gas is supplied
to the reaction chanber 10 via the cleaning gas
supplying pipe 28. In simlar fashion as observed at
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[0054]

When film forming is carried out under such conditioné, molecules
of cyclic organosiloxane raw material that is a raw material gas are
energized by blas’ma, reaching surface of the formed film member 1 in
activated state, and porous insulating film is formed- here. When the
porous insulating film has a group with unsaturated bond, molecules of
the organic silicon compound energized and then activated by plasma
i‘each the sufface of the formed film member 1, and receives further
thermal energy from the substrate heating section 3, and therefore, the
unsaturated bond in the above-mentioned group is ring-opened, thermal
polymerization reaction proceeds among molecules, whereby porous
insulating film is grown.

[0055]

For cleaning of the reaction chamber 10, gases such as nitrogen
trifluoride (NF3), sulfur hexafluoride (SFe), tetrafluoromethane (CFs),

hexafluoroethane (C2Fe) may be used, and these gases may be used, as



[ 00581 A vaporization control unit VU includes a raw
material tank 102 for accommobdating the m xed raw
material 100 in liquid state;qoa pressurized gas
suppl yi ng device 106 for supé?ying pressuri zed gas
into a raw material tank 102 via a pressurized gas
supplying pipe 104, a mxed raw material transfer
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110b, and a liquid flow rate control section 110c ‘
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effecg of the mxed raw material transfer pipe 108.

Et 1 Further, each vaporization control units VU

i ncljgd58] 8S8@nd FRPhY188y Rbolihd) carrier gas or

dilution gas (hereafter referred to as "carrier gas
supMyiidtéanka 1kétond pixpem@lddd eonbsdimbnt naft the present
carrier gas or dilution gas in the carrier gas
invenppin,i ny wiack taporwedherawi wedermal matsampied to a reaction
transfer pipe 108 at between the |iqui %@Q ow, rate i
chagaher dio fexmi paraus imsnlating dtlimatyibh beeerpérinesh referring to

FIGH g 1 ol ECcoft 481 2o Gtiéohebive URRERT repoeee oig example of
I N T T T
Whépg%%ling point of cyclic organosiloxane intended to be used as the
raw material gas is low, and the cyclic organosiloxane may become liquid
state unless artificial heating is provided.

[0057]

The cyclic organosiloxane raw mateﬁal and compound raw
material are mixed with arbitrary ratio, and the mixture is supplied
from the gas supplying system 20 as mixed raw material 100.

[0058]

A vaporization control unit VU includes a raw material tank 102
for accommodating the mixed raw material 100 in liquid state, a
pressurized gas supplying device 106 for supplying pressurized gas into a
raw material tank 102 via a pressurized gas supplying pipe 104, a mixed
raw material transfer pipe 108 inserted one end thereof in the raw
material tank 102, a liquid flow rate control section 110 provided in the
middle of the mixed raw material transfer pipe 108, a vaporization

section 112 disposed to other end of the mixed raw material transfer pipe



When a pressurized gas is supplied fromthe
pressuri zed gas supplying device 106 into raw
mat erial tank 102 via the pressurized gas supplying
pi pe 104, internal pressure of the raw material tank
102 increases, the mxed raw material 100 in |iquid
state in the raw material tank 102 is transferred
towards the vaporization gection 112 via the m xed
raw material transfer pipe 108, and reaches the
vaporization section 112 while nerging carrier gas
or dilution gas on the way. The m xed raw materi al
1081 0Ahaver m&utl@%ﬂdﬂfﬁllﬂeﬂ%ﬂe@t@ Honjep Gectign Y mstedasntwo

112 i zed due es e cti a
vaifef 11y BO0E' 54 4 $fihf PHE A TobBklidchBalltoc dispysed
bet®@en hgat I\ragzeb.ﬂmmelaidemonomah@wee nledfohbd egordiation
such a vaporization system enabl es realization of
sectigh fld2ningbidespyalveal 1 mpevadediatiphovesgentigned other end

.. ials 0062 d n t b .

sidd 3t $he Snfred tp inhudif] HENGHA° pAENT0A" £ yhBiizer 112

conB¥ERYS to PARSelA@ntidnel bbhex0RAACHEdHeO nﬁﬂ@d raw material
vaporization section 112. The m xed gas then reaches

trapsiar pape 199 via a piping 124. Wen other raw
rm;[g]@%@* gas or additive gas or the like needs to be
' urther, mxing by the m xer 140 is possible.

[ 00@Stthek @AcR WapwPiRhfibnOfcoftiAt An¥RP VT Z aidl@fedYa gas
each of vaporizers 112b, a heater is (preferably
SuPplmngd@@kalb‘hﬁ@ﬂ? cagrien ged oratilvtionrgag (hereafier é@feme@eto

ovvnstrea fromt
as FASgRa My TR THEL LS Bitfel e 6t syBilfine che
cari1Bé @k aly aﬂaﬁaﬁe% aPiPehd Mhrrier RiLEepping Jamk ad4 to the
Simlarly, for the purpose of prevention of

mixe et avetemalotransder g)age 108, éth@ftWﬁgnp‘rﬁ@f Baupl flow rate

conef¥b8sh A1A%R 3UNERENoPRR R0 R nhle of he

piping 116 is provided a gas flow rate control section 118 which includes
two valves 118a, 118b, and a gas flow rate controller 118c being disposed
between the valves 118a, 118b. -

[0060]

When 2 pressurized gas is supplied from the pressurized gas
supplying device 106 into raw material tank 102 via the pressurized gas
supplying pipe 104, internal pressure of the raw material tank 102
increases, the mixed raw material 100 in liquid state in the raw material
tank 102 is transferred towards the vaporization section 112 via the
mixed raw material transfer pipe 108, and reaches the vaporization
section 112 while merging carrier gas or dilution gas on the way. The
mixed raw material 100 in liquid state reached the vaporization section
112 is vaporized due to pressure reduction at introduction section of the
vaporization section 112 and heating by a heater (not shown).

[0061]

Use of such a vaporization system enables realization of uniform



[0064] Wth the use of a filmform ng device
i ncluding a gas supplying section conprising
above-menti oned conposition, desired porous
insulating filmcan be obtained easily even a case
where boiling point of a conponent conprising a
m xed raw material intended to be used as the raw
material gas is low, and ©tbe m xed raw nateri al
becones liquid state wunless artificial heating is
provi ded. [0065] (Third exenplary enbodi nent)
Hereafter, a third exenplary enbodi nent of the
vag@fmggéwp 4vepewitthonixed ﬁW%%%ngori zed raw nateri al
Eﬁ%@hled to a reaction chanber to form porous
|ns ng film wll be explained referring to FIG

3. Klfdxe d%a!ssge':he‘i'ﬁttﬁimy ithe Cﬂaqgﬂ'mmtﬁhowntgobmtdm nplsent
of inmportant part of the gas supplying sect.i
to apge$ exbast Dipedl $Qmhichas copmerEdbi Fh%&%‘bﬁlﬁaﬁ?ﬂ section

112 cll Iec.’gll%r( gg?s 'tin %gch&% gnzgﬁgelt 9?@%&%&%&)8? 3Rz 11PQ. T §then

and the cyclic or | oxane

oth@?)ﬁ‘aﬁﬁ%ﬂi@rm& cgasd oﬁtaﬂitﬁtmﬁl £5S oarthef likicahedtls tédmt priged
i s provided. [00661 q‘cl iC or anosi | oxane raw

furmremlalngdmﬂ&)mjﬁ%él é%vpﬁﬁ%]@‘i’al may be prepar ed
b@@ggiate raw material tanks and m xed with
' y ratio each via a flow neter. Cyclic

or JRRAS | 4 PieRpol@Vof BRicthalagdiizatich dympackndireaporizers
material 103 are suPplled fromthe raw materi al

112bupphyater &y sreferably psepded; %‘Pl}ﬂ [theemixedyraw material

traﬁ%@&m%? tlp g Co@%%eé‘%kﬁlg%ﬂc% at | ng cyc‘?ﬁ Ligitid flow: rate

con®Fdl AREIohO X BN € ahadW i nkixied rd@lniatetiad) ltlrainsfet' qlu@g 108 is
pressurized gas supplying _device 106 for

prefareblur heai@d. gasSimarlynefomwtheat BRIROSS; a‘%fk e\}%ﬁn of
l1que|}act%r? 3 ggéhz ggs,ggieglt'@xpisy f)fgerably provided also around each

gas exhaust pipes 120, 152, and the mixer 140 for heating them.
~ [0064] .

With the use of a film forming device including a gas supplying
_section comprising above-mentioned composition, desired porous
insulating film can be obtained easily even a case where boiling point of
a component comprising a mixed raw material intended to be used as the
raw material gas is low, and thé mixed raw material becomes liquid state
unless artificial heating is provided.

[0065] (Third exemplary embodiment) |

Hereafter, a third exemplary embodiment of the present invention,
in which vaporized raw material is supplied to a reaction chamber to
form porous insulating film, will be explained referring to FIG. 3. FIG.
3 is a schematic diagram showing one example of important part of the
gas supplying section preferably used for a case where boiling point of
cyclic organosiloxane intended to be used as the raw material gas is low,

and the cyclic organosiloxane may become liquid state unless artificial



pi pe 104, the raw material transfer pipe 108 inserted
one end thereof in the raw material tank 102, the
liquid flowrate control secpjon 110 provided in the
m ddl e of the raw material transfer pipe 108, the

- vaporization section 112 disposed to other end of the
raw material transfer pipe 108. Above-nentioned

h alti i-gl MLt e control section 110 includes two
© va%ésptﬁga, 110b, and the tiquid flowrate

confa@ééler 110c disposed between the valves 110a and

110b, and above-nenti oned vaporization section 112

i nclydés ergahvsilat2aeprawi teteaial abol componnderaw material
other end side of the raw material transfer pipe, 108,

magndea preparedein] Eepacehneta®d Matabidle tABlS sy mixed with
ot her end.of the raw erial transfer .pipe 108. .
arbflgogs1 THER 1961 BRh2of [VRpoRFik | o YO roYERRTiloxane raw
VUL i ngl udes t he as_s kvi t
mategip] ;{ﬁ]lg%]é‘goqorappblﬂdoﬁggagl%%g%%laE ?érﬁﬁ% é#ﬁé{f% from the raw
L.er: SHRR! ¥ s‘;%%'ﬁ'xﬂel "), the piping 116 :
ma?%rlaggggbﬁ%%a?%e ca%t?’in%r gas1 orﬁdi lution gas in the
car [h@g70as supplying tank 114 to the raw material
transfer pipe 108 at between the. liquid flowrate
confy ehposkeition dotrabduviapWili ¥ anicbndsediiconas2@aterial tank
the mddle of the piping 22 116 is provided the gas . . .
10 famaceomeodatiolg spclic argpm@siluxeme napruaeatemal 101 in liquid

val ves 118a, /118b, and the gas f]l ow rate controller .
statie, ghenpregp HilspAsEas SRBP aﬁ‘él%l{)ésfgifé%RPlﬂ%S.Pressumed

INE - TN i e e
pod AR A R 100 L B i e R oot
thePr§§° Yh&t&Fialt anka\'l’()@?t ehé aligladkild@2 fdter eaneésol tRetion 110

cyclic organosil oxane raw naterial 101 in liquid

proidée i the ndddiat ef i e tank 102tddal ronafderegipe 108, the
vaporization section 112 disposed to other end of the raw material
transfer pipe 108. Above-mentioned liquid flow rate control section 110
includes two valves 110a, 110b, and the liquid flow rate controller 110c
disposed between the valves 110a and 110b, and above-mentioned
_vaporization section 112 includes a valve 112a provided at
above-mentioned other end side of the raw material transfer pipe 1087,
and a vaporizer 112b connected to above-mentioned other end of the raw
material transfer pipe 108.

[0068]

Further, each of vaporization control units VU1, VU1 inclqdes the
gas supplying tank 114 for carrier gas or dilution gas (hereafter referred
to as “carrier gas supplying tank 114”), the piping 116 for supplying the
carrier gas or dilution gas in the carrier gas supplying tank 114 to the

raw material transfer pipe 108 at between the liquid flow rate control

section 110 and vaporization section 120. In the middle of the piping



towards the vaporization section 112 via the raw
material transfer pipe 108, and reaches the

vapori zation section 112 whi be nmerging carrier gas

or dilution gas on the way. The cyclic organosil oxane
raw material 101 in liquid state reached the

vapori zation section 112 is vaporized due to

116P 5§§§B(rﬁié(f%ﬁ%t %Q@ B wi Y HeOMEt P et el AN8OHFHiIFR includes two
vaporization section 112 and heating by a heater

Val@@@t1ﬂlﬂ"‘@le{/@Qﬁp%hel\@%m\beraﬁeheoﬁﬁmﬂlérz afiBorbeing disposed
control unit VU2 includes the raw material tank 102

betharerathovaldas i1@at HA 8bonpound raw material 103 in
liquid state, the pressurized gas supplying device
106 [0069kuppl yi ng  pressurized gas into the raw

SRS 0 B BT P, R PR Mg sae e
s o B PO b0, b g matesi
B8 0L L Rk BISC T PHRSeE0R) preceuro of

thel haw M ATREEIN ahnkt rEnsf BicrehRes 1QBe [§OhRElorfanseHoxane raw
gener ated by the vaporization control units VU, VU2

mabdéEal ST 1hdighel geaterihatisd rpwpend@ishitahki $02 is transferred
connected to the vaporization section 112. The ?ases _

towsrels tlhachpdrezativer saddoni bl 2 veapihs ngwl matargal dransfer pipe
m xed. 23_. [00721 From a .viewpoint of s ?t h . .

108 zgpodl i reachon By saaivTeraligporacis 1121 9ihile ergige parrier gas

o SRS 5 T O S P s 10
o Wl SRRSO iz e o
prel&ate rr%ﬁltﬁétgfr?h%qnt]%mlbﬁbhhecft%n g hRUWPesEzAtion section 112

prevention
and heating by a heater (not shown).

[0070]

Meanwhile, the vaporization control unit VU2 includes the raw

material tank 102 for accommodating the compound raw material 103 in
liquid state, the pressurized gas supplying device 106 for supplying
pressurized gas into the raw material tank 102 via the pressurized gas
supplying pipe 104, the raw material transfer pipe 108 inserted one end
thereof in the raw material tank 102, the liquid flow rate control section
| 110 provided in the middle of the mixed raw material transfer pipe 108,
the vaporization section 112 disposed to other end of the raw material
transfer pipe 108. |

[0071]

(Gasses generated by the vaporization control units VU1, VU2 are
sent to the gas exhaust pipe 120 which is connected to the vaporization
section 112. The gases then reach the mixer 140 via the piping 124 and

are mixed.



i quefaction of each gas, a heater is preferably
provi ded al so around each of gas exhaust pipes 120,
152, and the m xer 140 for heating them [00731 Wth
the use of a filmform ng device including a gas
supplying section including above-nentioned
conposition, desired porous insulating filmcan be
obt ai ned easily even a cagg where boiling point of a
raw material intended to be used as the raw materia
gas is low, and artificial heating is not provided.
[00741 (Exanples 1, 2 and Conparative exanple 1) As
an [ép@ebl e of the present invention, a case, where a
raw, nateri al inclﬁging hem cal siructure.as

o

TRt e YOy HUFEIO0HY YaPorirabipra by ashe gF vagorizers
r

112 R RBRTL AN, TOSIICH! ar i) IR B Ml pe Al pound
tragkfer pifre 108 dogimesaterm foehaiHe. vavplld8min CYB lipid dbowirate

arallel flat plate type as shown in the fi.rst. .
con&@iwtawy 1afloaBitridr r%éﬂ%@é@qa@wwﬁ PrADSETIPIRG 108 is

: a s or r eta kgpn
preflBLES DANCAT SRR O IOk YB0 HAR: Cor Spratent ot
liguetdtiorabf syt gas, 4 hedtek is Qreferablyr geovaded atsnaravand each

material (Chem cal Formyla (4)) | PA are mxed in
of gaggaARES LIRS A8, odr @gaéﬁpa?%ﬁﬁqﬁrfer BpEd e} -om

thqo qu/naterial supplying systemto the reaction

chanber” as the mxed raw material. Heating

t eripehathe esatoft hdimformey deaivebmchetingna gasangeplying
' from80 . tg 120C for the purpose of inprovepent  of
Sec@‘é‘bor’inﬂﬂ‘flﬁﬁ éPPY%‘lné‘?R:@/OWff | COTBASHRLR; ngferg#@finaworous
. : 3 e i ' - .
ins QLRI Reb e BhediFp MRS Alon, #Pdod iher® Haihig pojpt of
a rgw asaer{Ondevded tb dre 26401 am thaf mrw wasteuisddzas is low, and

arti?igig regszi%g is not provided.r

[0074] (Examples 1, 2 and Comparative example 1)

As an example of the present inventioﬁ; a ca’se, where a raw
material including chemical structure as represented by Formula (4) is
used as the cyclic organosiloxane raw material, and isopropyl alcohol
(IPA) is used as the compound raw material, will be described in greater
detail. A plasma CVD device of parallel flat plate type as shown in the
first exemplary embodiment was used as the film forming device, and a
system for mixed raw material as shown in the second exemplary
embodiment was used as a raw material system.

[0075] |

Cyclic organosiloxane raw material (Chemical Formula (4)) and
IPA are mixed in advance with arbitrary ratio, and are supplied from the
raw material supplying system to the reaction chamber as the mixed raw
material. Heating temperature at the vaporizer can be set in a range
from 80 to 120°C for the purpose of improvement of vaporization

efficiency while suppressing thermal polymerization of raw material, and



tenperature was 350C, distance between el ectrodes was
set to 10 mm and hi gh-frequency el ectric power at
13.56 MHz was enpl oyed. Table 1 shows experi nental
conditions and results obtained from Exanples 1, 2,
Conparative exanple 1 where an insulating filmis
formed on the silicon substrate. Specific inductive
capacity of the filmwas pgasured by a nercury
probe, and C/Si ratio of the filmwas obtained by
RBS. [0077] It is confirmed that in Exanple 1 in
which | PA was m xed, specific inductive capacity
lntbé@ﬁﬁﬁnshmﬁh%teﬁﬁméﬁﬂﬁﬁﬂ@@3ﬁ@tﬁbhﬁﬁﬁht|ve exanple 1
Ap@z¢ | PA was not m xed, and in Exanple 2 in which
o was high, specific i nductive capacity
beQ’-ﬁ"ﬂiaEMht osrD sgeddcer for! 200 Sme oRafddekes hba& khbstrate
finding is attributable to that detachnment of

tempsvpiuapywag BBOPChAistgnpo hetiwasn tahectspdrs waaisetdp ttham,

0]
and% gh,l %ggug&yﬁ%ﬁr&ﬁ%o%e&%vysﬁésg\ggez d&’ 9 e [@B&g&j byable 1
shotwRAxpkhietain] eonditidnd hng r‘é@ult@%ltaﬁféﬂcfrf)hﬁExamples 1, 2,
i nductive capacity. [0078] [Table 11 Conparative

Congpanmbive exapxplepl av erecim mpta tingHakm as formpedran he sjlicon

| PA
subfitples, SsttioaRaB6 et obT 18 45 Vel il by o
meﬂw probd, And: &/ ratichlttid film ivighichiaiged BpABEY 2. 45
2.35 CSi ratio in f|Im3 17 3.2 3.25

[0077] ‘

It is confirmed that in Example-1 in which IPA was mixed, specific
inductive capacity became smaller as compared to Comparative example
"1 in which IPA was not mixed, and in Example 2 in which IPA ratio was
high, It 1s
considered that this finding is attributable to that detachment of

specific inductive capacity became further smaller.

isopropyl group being bound as the side chain of the eyclic
organosiloxane raw material represented by Chemical Formula (4) was
suppressed by mixing of IPA, thereby contributing to lower specific

inductive cap acify.

[0078]
[Table 1]
Comparative Example 1 | Example 2
example 1
Chemical Formula (4) 65 65 65
IPA 0 5 35
Mixing ratio (%) 0 7 35
He (scem) 300 300 300
RF (W) 1100 100 100
Pressure (Torr) 2.7 2.7 2.7
Specific inductive capacity |2.45 2.42 2.35
C/Siratio in film 3.17 3.2 3.25

[0079] (Examples 3, 4,

Comparative example 2)

As an example of the present invention, a case, where

raw



[0079] (Exanples 3, 4, Conparative exanple 2) As an
exanpl e of the present invention, a case, where raw
25 material including chem cal structure represented
by Chemi cal Forrmula (4) is used as the cyclic
organosi | oxane raw material, and one represented by
Chem cal Formula (5) is used as the conpound raw
material, will be describeg in greater detail A
plasma CVD device of parallel flat plate type as
shown in the first exenplary enbodi nent was used as
the filmform ng device, and a system for mxeg]OI :
mamfelrnnaluchgg chiesvinal ﬁtrﬂlﬁ@l@emswf@ Arak f‘ﬂ’é‘fﬁtﬂa

I
@) [f§88us (‘EISCI tih(:‘:"eoé agﬁo E%{%g%g()}?agl\%p ma eri nf%fé,% %ﬁe and One

repFyeib @ K )Ohélﬁibalcpﬁﬂﬁum Gavismakat i@l thamp@ind raw
Forrmula (5)) are mixed in advance wth arbifrar

mabezidlo Wlélnble aieécslbg@lmearefat@md%éﬂf aty plasarg §VD device of

st em e |
par HRE AL Pt T el YA B O FUERY Bt Bl el v
useﬁra@ﬁt}@ﬁhﬁ f@ﬁ%?né devidag apdr pegetead for mikxey eawrm:ménal as
vapori zation efficiency while suppressing ther mal

showl yimethe asdcondoexemplagn crphedingnt wast pisgdeganthe raw
rature.is set to 115C. Since the conpound

mafregwlnsé{gi)ﬁ Jgigs(yéﬁ%% cal Formula (5)) contains snaller

nunfperopf Vi nyl groups as conpared to cyclic
or ganosi | oxane raw material (Chenical Fornula i
pol §yelid prgdmmnsilozanpayaw ymptemsl h%mlfrﬂlglﬂ@'rmu a (4)) and

d d:
onirit Bl Fh¥" Giat @G 2GhRRREAT YATHK, @) pf® TRAUAT Bltvance

with rh?ﬂm&ﬁ rh 688 hindPardkappe o B L Eaﬁr%ai’éi@a]mampplymg
waf er vvas used, substrate t enper at ure was 350C,

systmst aﬁc&ubemmeeh s matesialnasligatingo tampepgturgngt the
Vapgﬁ]%?{af gxglqg eﬁ'é%‘:tr&h&e PR S%t tol:i2660'\46|% Hes purpose of
improvement of vaporization efficiency while suppressing thermal
polymerization of raw material, and in this example, the temperature is
set to 115°C. Since tﬁ_e compound raw material (Chemical Formula (5))
contains smaller nﬁmber of vinyl groups as compared to cyclic
organosiloxane raw material (Chemical Formula (4)), polymerization is
| hardly promoted at higher temperature, and a large quantiﬁy of
compound raﬁr materials can be supplied easily to the reaction chamber.

[0081] |

A.plasma CVD device for 200 mm wafer was used, substrate
temperature was 350°C, distance between substances was set to 14 mm,
and high-frequency electrlc power at 13.56 MHz was employed. Table 2
shows experimental conditions and results obtamed from Examples 3, 4,
Comparative example 2 where an insulating film is formed on the silicon
substrate.

[0082]

‘It is confirmed that in Example 3 in which compound raw



shows experinmental conditions and results obtained
from Exanples 3, 4, Conparative exanple 2 where an
~insulating filmis formed on the silicon substrate.
[0082] It is confirnmed that in Exanple 3 in which
conpound raw 26 material was added, specific
i nductive capacity becane snaller as conpared to
Conparative exanple 2 in wgi ch conpound raw materi al
was not added, and in Exanple 4 in which ratio of
conpound raw material is high, specific inductive
capacity becane further smaller. [0083] [Table 2]
matémiqlamaztsi walded angpezific Bmﬁq@lthre4 capacihp| becdnBhesingHer as

F 4) 65 65 65 Chemi E | 5
COW%:FP é?gn@ 8 FeBbEn2 T LR Btginose Sompatesial
was( Wot L &)de]tp O%ﬁﬁ?om Rresapie 4 TRr Whu%l 7ra%1o of- &)mo%ound raw

Speci fic I'nductive capacity 2. 2.41 2.38
mai(elﬂedrm hég1s)s plenifi aniodive @fpatcliier lmcasmwfunthmemmaﬁnr
[IRBg tructure for a case, where porous insulating
f|| med according to the present invention is
usq@af)&rz}ml til ayer Wi ring on a sem conduct or

an ¥ a are 'Fnrnnrl S m oaondiict

el enents, will be exSlampeErtive gf t

[0085] As shown in Fg@anlblee?) gm&gﬂpﬁ?? ﬁ%ﬁlglﬂ
Chei@icgl Fetmgldé) an |65 65
Chemical Formula (5) 10 15 35
Mixing ratio (%) 0 18.8 35
He (sccm) _ 300 ~ 1300 300
RF (W) 100 100 100
Pressure (Torr) 2.7 2.7 2.7
Specific inductive capacity | 2.45 2.41 2.38

[0084] (Example 5)

In Example 5 of the present inveﬁtion, wiring structure for a case,
where porous insulating film formed according to the presént invention
is used for multilayer wiring on a semiconductor substrate on which are
formed semiconductor elements, will be explained in greater detail.

[0085]

As shown in FIG. 4 (a), a metallic wiring material 210a, an
insulating barrier film 211 are laminated on the semiconductor substrate
(not shown) on which are formed semiconductor elements, and a via -
interlayer insulating film 212, an wiring interlayer insulating film 213
are formed thereon.

[0086] _

Here, although the metallic wiring material 210a is composed
primarily of Cu, metallic element other than Cu may be included in the
material including Cu for the purpose of improvement of reliability of
metallic wiring materials, or metallic element other than Cu may be

formed on top face or side face of Cu.



insulating barrier film211 are |am nated on the
sem conduct or substrate (not shown) on which are
formed sem conductor elenents, and a via interlayer
insulating film212, an wiring interlayer insulating
film213 are forned thereon. [0086] Here, although
the netallic wiring material 210a is conposed
primarily of Cu, netallicpel ement other than Cu nmay
be included in the material including Cu for the
purpose of inprovenent of reliability of netallic

_ W|r|ng rmterlals or netallic elenment other than Cu
nayq@§7'forned on top face or side face of -Cu. 27

| e igpplatiiebarier hffg 1HdRclydq S g,
5 Mot e aptlitine pander Bt Tt utlyqds S a6
or iHeomkao@ﬂﬁptﬁﬁﬁn&s andrdrs 200 FEEOBGWAt hend B 35¥Be YR the

met hod. [0088] Here, the via interlayer insulating
p1a$mlarﬁ§YD2mleshqﬂ eferably an insulating filmincluding

at k@ﬁggi silicon, oxygen, carbon, hydrogen or the
' | mthickness is approximtely from 1000 to .

300Heﬁe $RECHhI Enter WSt intRilgARACKHIM 123231 Nkfdrabl an
Porous insulating filmincluding at |east silicon,

inswlayipenfilo dnbloding pd ﬂ@@rﬁﬁlmntse@qac@o rathog, hydrogen or the

ke BB g higke0 it L pRRRR ALl gt OB PPP Sipeific
mdlIcYb‘i’@e Je%pﬁ&ﬁﬁ'lﬁt gfoegl- tlegdemepious MaR1htBENSIm 1nclud1ng at

| sesqui.oxane) film(e.g., JSR LKD (ren%l stered
leastraﬁemr kxygmm%on r byd sagemetbrmetia \ng Kedhe present

vt 818 Bevitely dk el PG SUYnET Pithogen

Sﬂst(a?!éﬁigﬁgééiﬁ!lﬁt @ Ogﬂpgqmre@steggcgt%dge?ﬁﬂgsg ﬁrosﬁg (Methyl
Silsespgiostpek dilm ategmar k$R- m&reglegﬂmtieﬂ&ﬂemark) ALCAP
(registered trademark), NCS (registered trademark), IPS (registered
trademark), HOSP (registered trademark), organic polymer film (SiLK
(registered trademark), Flare (registered trademark) or S1OCH SiOC
(e.g., Black Diamond (registered trademark), CORAL (registered
trademark), AuroralULK (registered trademark), Orion (regisfered
trademark) or the like), or insulating thin film containing organic
matters therein, or a film that is multiple lamination of any of them, or a
film in which composition and density of any of film is changed in film
thickness direction; are mentioned as typical examples.
[0089]

Here, the wiring interlayer insulating film 213 is porous
insulating film including at least silicon, oxygen, carbon, hydrogen
formed according to the present invention. Film thickness is preferably
approximately from 500 to 2000 A,

[0090]

Subsequently, as shown in FIG. 4 (b), a dual damascene groove

214 is formed by patterning using photoresist and dry etching.



trademark), Auroral ULK (registered trademark), Oion
(registered trademark) or the like), or insulating
thin filmcontaining organic natters therein, or a
filmthat is multiple | am nation of any of them or a
filmin which conposition and density of any of film
is changed in film thickness direction, are

nmenti oned as typical exanpRes. [0089] Here, the
wiring interlayer insulating film 213 is porous
insulating filmincluding at |east silicon, oxygen,
carbon, hydrogen fornmed according to the present

i nM@APLbn. Filmthickness is preferab

) y '
SES Rt Ein TEBRD [ Areoud pspiadhg, Gms 215 212
. empl8ERs 1RPE WP BECexPlhind & ih 0ddtREl. DY paéiahple)® usixbgre of
photoresi st and dry etching. 28 [00911 A dry etching,
tetrafivood cadromp e Busandareani(hg) inflaw zate ratio of & b%fg 1s

ere W l] .be explained in detai .
useAg, ettty By Ao 5E0aF Boh g iRERLEn the yoe of
dryldtchi@dE@ke Jrap Al A p1akeG§pbsandigecomiitiohe of source
etching gas, and etching can be carried out with the.

powgse 1600 Y,y setrtd rgedesnaye & Mtz bias fpogverp 3P0, bias

B8 0B s R0 S LA 1, S

temMEatugB@moEr pressure 50 m Torr (about 6.7 Pa), .
Substrate tenperature 20C. [00921 Subsequently,
phd0892ksi st remained after etching is renoved by 02

7 tReatrabis, BrBFE il e R Ea RS ARy Givelthyed by
02 &HIASUT O £hil%R8BI0HY sisceNPbradseimuddling filal iesidiebtible
nmet hod whi ch does not expose porous insulating film
to oxyg@R plasma, when direct exposure to Oz ashing is nof preferable,
alternative method which does not expose porous insulating fiim to O2
ashing (hard masking processing), or use of N2/Hz ashing, He/Hs ashing
is preferable. In some cases, a substrate may be heated to a
temperature approximately from 150 to 250°C for improvement of ashing

rate.

[0093]

Subsequently, as shown in FIG. 4 (c), a metallic wiring material
210b and a barrier metal 215 are buried in the dual damascene groove
214, surplué wirings are removed by CMP method, thereby forming dual
damascene wiring. .-

[0094)

Here, the barrier metal film 215 can be formed using a sputtering
method, a CVD method, an ALCVD (Atomic Layer Chemical Vapor
Deposition) lﬁethod, or the like. For example, high-melting point metals
such as tantalum (Ta), tantalum nitride (TaN), titanium nitride (TiN),

tungsten carbonitride (WCN), nitride thereof, or laminated film thereof

are used. In particular, use of the laminated film of Ta/TaN (= upper



ashi ng (hard maski ng processing), or use of N2/112
ashing, He/H2 ashing is preferable. In sone cases, a
substrate nay be heated to a tenperature
approximately from 150 to 250C for inprovenent of
~ashing rate. [00931 Subsequently, as shown in FIG
4 (c), anetallic wiring material 210b and a barrier
netal 215 are buried in the dual danascene groove
214, surplus wirings are renoved by CVP net hod,
thereby form ng dual damascene wiring. [00941 Here,
the barrier netal film 215 can be fornmed using a

layeplawerlagigr) iswrafsdable. VD met hod, an ALCVD (At onic

Layghgggenlcal Vapor Dep05|t|on) nmet hod, or the

ik exanpl e, high-nmelting point nmetals such as

tanH@kémuﬁJ Ahetd1B0t FERENIN fcdial( TP , cari tmlfwmw by a
nitride (TiN), tungsten carbonitride (WCN) ride

sputheiepfmediod asingChu tatget eherddfmethad, [ plectrofytic

oSy 35BS S I Tt

clediebde. (11f JWABbhI Gs\WdY ﬁgetmﬁ@relaheﬁﬂcmh@arthm fbe nedin
by a sputtering nmethod using Cu-target, a CVD

conrmrtwcu additaon e¢featr1@rayt iane gpkectady framha derannwingpding
far t hes ods d
alugippr G i aal e e hgr Abea T (B maneagese
 and B3EMeBRITB @ﬁe@ﬁﬂ@onmﬁreoﬁ&dh{sbwf cofnRlurldestine odle other
selected froma grou i ncl udi n al um num tin,
thani Cansuch alsuth%ﬁH &V},v@pWB,l 8@% AR thedgiopact layer, or

. ngan nesiAm i.s. eff 18

ins R R 06 4781 REPRPES ST nartintn a0 A SineiTs S8F ks J8E s

abggﬁbdggyp, CoWB as the contact |ayer, or insertion
of the sane between Cumw ring and insulating barrier

fi | ®0OS]

FIG. 5 shows one example of the structure of dual damascene

wiring being formed as mentioned.

[0097]
As shown in FIG. 5 (a), the lower layer metallic wiring material

includes a Ta/TaN barrier metal 215a and CuAl wiring 210a, Ta/TaN
barrier metal is formed by the PVD method, and film thickness thereof is
15 nm/5 nm. The CuAl Wiring 210a is composed primarily of Cu and
includes Al 1.2 atm% or less therein. Top face of the lower layer
metallic wiring is covered by an insulatirig barrier film 211a, and in this
example, SiCN with specific inductive capacity of 4.9 being formed by the
plasma CVD method is used. 7

[0098]
In this example, Aurora-ULK (registered trademark) film formed

by the plasma CVD method is used for a via interlayer insulating film
219b. For the wiring interlayer insulating film 213, porous insulating
film with specific inductive capacity of 2.37 is used, while the method for

forming used is shown in the exemplary embodiment 3 of the present



al so effective. [0096] FIG 5 shows one exanpl e of

the structure of dual damascene wring being forned

as nentioned. [0097] As shown in FIG 5 (a), the

| ower layer netallic wiring material includes a

Ta/ TaN barrier netal 215a and CuAl wiring 210a,

Ta/ TaN barrier nmetal is fornmed by the PVD nethod,

and filmthickness thereofygis 15 nm'5 nm The CuAl

wiring 210a is conposed primarily of Cu and includes

Al 1.2 atnPoor |less therein. Top face of the | ower

layer netallic wiring is covered by an insul ating
1nvbnt1|oner Thhiel i iﬂﬂfa'lajammsnlaﬂmg filex 28} end Sri€gninthriayer

o AT B BT B I s s

sufB¥RmEe! rgéygﬁg,qslg%lga{ﬂa%gé stered trademark) film

orne | asma CVD nethod is used for a via
i nt ©00ayer insulating film 212b. For the wiring

interlayer insulati.n m, 213, |nsu at
1) R es W T iR aetdn oslifse bRe i b joltr 1ayer
erﬁaf%aﬁé@i he, the Baﬂnfaprmeffaqrﬂabgaﬂéeadoms&@mg i91.0b,
e exenp ‘ary enbodi ment 3 of the present 30

thei MadialN obarridre metmli it dotmpdr bynthd & VHg nidthod2katd film
.and wi.ring interlay syl atin Il m213 ma

thl@iawﬁag%&%f? B & The Gﬂ?ﬂiﬁi’%}ngzi%ﬁﬁca@%gﬂ primarily

of @PBBH%&%HeM&%"a&M% o'rsleé.%bﬂﬁr@ﬁp' e. [00991 The :

upper layer wiring material includes, |ikew se the

| oW1 0Dhyer VVI ring material, a Ta/TaN barrier netal

21 and a wiring 210b,. .the Ta/TeH'k;arrl

ot b 2cq oF 108 B afRD Heitbas MR bih an Snsulating

bar%f‘é&‘%ﬂf §1ﬂ>,_saﬂt§_11‘i‘ Thes BRAmPIE, SHAT i WAtk 881k Snductive
onposed primarily
capacity of 4.9 being formed by the plasma CVD method was used.

[0101] | |

FIG. 5 (b) shows a structure where a hard mask film 216a is
inserted to the structure shown in FIG. 5 (a) at Cu-CMP for the purpose
of protection of surface of the insulating film between wiring layers. As
for the hard ‘mask, silicon oxide film, silicon carbonized film,
silicon-carbon-nitrogen film, or the like are mentioned, and the hard
mask includes preferably higher specific inductive capacity than the
wiring interlayer insulating film 213 and excellent mechanical strength.
Therefore, SiOCH film or the like with specific inductive capacity of
approximately 3.0 may be used. Structul;es other than this 4are omitted
since they are identical with the structure shown in FIG. 5 (a).

[0102] |

FIG. 5 (c) shows a structure where etching stop films 217a, 217b
are inserted to the structure shown in FIG. 5 (b). Insertion of the
etching stop film is attempted to improve workability of_ wiring groove

including dual damascene shape and of via hole, alteration may be made

depending on materials to be processed. If so, scattering of depth of



of Cu and includes Al 1.2 atnPoor |ess therein.
[01001 Top- face of the upper layer wiring is,
covered by an insulating barrier film211lb, and in
this exanple, SICNfilmwth specific inductive
capacity of 4.9 being forned by the plasma CVD net hod
was used. [01011 FIG 5 (b) shows a structure where
a hard mask film 216a is 3ijnserted to the structure
shown in FIG 5 (a) at Cu-CW°P for the purpose of
protection of surface of the insulating film between
wring layers. As for the hard mask, silicon oxide
wiring groevdsi was bartsdmicedd Herg at least one of films including

.~Si licon-canbon-Ritrogen film.or the like ar . .
Sichimy BRaeiann (et Rarae seliifhdon qae e S Qg fm. SIN
filof)i SEOCA 1S PS8 rh NCHORE ifiteh, CHOATH tHnt, el thB1ainind Hfkanic

interlayer insulating film 213 and excel |l ent

mattethdheretb, dilrerigchidinghpristarly ofi @gAni¢ |matfers,her film
cific i.nductive capacity of

ik ith
mc%@b&%ﬁ%ﬁ‘%ﬁo OTF AR AR d. Structures other than

thi[gipgp omtted since they are identical with the
structure shown.in FIG 5 (a). [01021 FIG 5 (c) )
shoWétha wiring: tairectprer esesbowngabeop réedwaion 7@, capnagty

are inserted to the; structydre.shown in FL.G, 5 (D)
betFhen, YRHELFR R ey ?%E&pnm%?fss BPHERp T HPPB
testl P&wRLR WRiKADukidy adfordb ity P8 TEQAKEIuding iHed a1 Beabeen

~damascene shape and of via hole, alteration may be
wiringgeof ‘Hependindgoodirmeed that, ndere tpmperaigwd. of| 12586, and

cat.teri.ng qf.d f W i ng. gr.eQves be .
oo PR e BRI0 ' At B B gr e
and"BffiBRnY TEDB¥e sidtanet GO dageobed. film for exanple,
S film SIN film SICfilm SICNfilm S OC film
Si @04l Im fil mcontaining organic matters thereto,

AP ) S o ae o8
forming of multilayer wiring as shown in FIG. 6 is made possible.

[0105] |

The present exemplary embodiment is explained in detailt for the
dual damascene structure as described above, while it is evident that the
same can be applied to single damascene wiring.

[0106]

Further, the present invention may be applied to everjr wiring
structure of multilayer wiring composed of wiring structure, in Which
porous insulating film is used in part to interlayer insulating film, and
every manufacturing ‘method thereof, and possibility of utilization
thereof is not limited in particular.

[0107]

Aithough the present invention has been explained with
reference to several preferred exemplary embodiments, it should be
understood that these exemplary embodiments and examples are merely -

intended for explanation of the invention and do not constitute a limit of



[01031 Wth wiring structure as shown above,
reduction in capacity between wirings can be
attained. The inventors carried out a TDDB test
between wirings using a conb type TEG i ncl udi ng
interval between wrings of 70 nmand confirnmed
that, under a tenperature of 125C and application of
electric field of 3 M/ cngpservice life is 60 hours
or nore and sufficient TDDB resistance is devel oped.
[01041 If such form ng steps of dual damascene
wiring are repeated, formng of nultilayer wiring as
the givoamtiom FIG 6 is made possible. [01051 The present
exgﬁgb y enbodinent is explained in detail for the
du scene structure as descri bed above, while it

| S Forl deidantfat tf&hn%wlg&e@anub@i apRki eshdsufatidies  of
damascene witing. [01061 Further, the present ]
semiigprehicitons ineyu dimga OB cireiby Ehat iai frh'engeldst)ff inveation of

' f ltilayer wring conpesed of wiring structure, .in
the fiactgropnd dilsthhdiTERTRG Vi W9 STRLE PHopPE fave betn
explath&d |iﬁY¥*eaté’lS gbadil Nehef prBenddve @R Yis FRULRElHS fhageto

met hod thereof, and possibility of utilization
andtinerleofappdicable ko,nforexkaimmpleadd APynpoie Random Access

‘ Al t Rou t.he present, i nventi,on ha een_exphakned
Merpiv),  SRAMe CEEE BRI AREre rMATRET o g hemory,
FRAVOPS R ettt Fiidoth DA el eNRIane) ! NARANTe B agnetic
exenpl ary enbodi nents and exanples are nerely
Rarnidome ndlect st oM emprphaséwiconducter inrodnet dnchx%nﬁommory

cirb&ﬁnssiltcillt gst %eéalslsainrget~-vgz.fiagi%n' ttyrf)% :ingl\all%%,i s%%icgg&ga]or product
including logic circuit such as microprocessor, or consolidated
semiconductor product on which are mounted the articles simultaneously.
Further, the present invention can be applied to semiconductor. device
including buried type alloy wiring structure to at least a part thefeof,
electronic circuit device, optical circuit device, quantum circuit device,
micromachine, or the ]ike;
[0109]

It is apparent that, after reading the specification, many
alterations and replacements can be made With ease using equivalent
components and technologies by those skilled in the art. It is also
apparent that these alterations and replacements do not depart from the
true spirit and scope as set forth in the appended'claims.'

Brief Description of the Drawings

[0110]

FIG. 1 is a schematic diagram showing a film forming device of
porous insulating film in a first exemplary embodiment of the present
invention. |

FIG. 2 is schematic diagram showing a mixed raw material

supplying system of the film forming device of porous insulating film in a



For exanpl e, technol ogi es used for manufacturing of
sem conductors including CMOS circuit, that is the
field of invention of the background of the
invention, by the present inventors have been
explained in greater detail, the present invention is
not limted thereto and is also applicable to, for
exanpl e, DRAM (Dynam ¢ RaAdom Access Menory), SRAM
(Stati c Random Access Menory), flash nmenory,

FRAM Ferro El ectric Random Access Menory), MRAM

(Magnetic Random Acces l\/brmré) . sem conduct or.
seconbERAIEPIaNE egab od meophihecpieshint ISEOUY resi st ance

v ar]%'l%tr | D0, %yﬂ:%qugﬂE YiagTh %@1‘3%{%_% o rPORUELrial supplying-

incl'uding l'ogic circuit”such as Croprocessor, or .
systen gl thdafind foremingodevice avf powdiscinsohatihg chilnarie a third

mounted the articles simultaneously. Further, the
exepdagnempadiapeRbat Ehe PERSCREIRY Y seni conduct or

deviee 4 AC lauﬁkﬁqriﬁgré I %rtf’ésls%ti%r bP%h $bhiieddiRtor

to at’ 'l east a part thereof,” electronic circuit
devitevircen opmpkl of ithe wieseley iveentinm nwherainr ELGt 4 (a) is a

devi ce,  m hi the.like. [0Q109] S,
crosgpisaneel Fisay Wk GAch S3dPRIFHH 'S pREAREHL O hiys 2
crof-dethiBhh PR %J}f@!ﬁ&%?ﬂﬁ% 2n& Ay REc %eax‘é’! FdHARSE, FIG.

Usi NG equi val en onponerm's and techndl ogi‘es by

4 () hoaerssd-beqibrial tieer af & .sebiicosdadten deajmeanmont comaletion
these alterations and repl acenents gg not depart from
whammaterials ane huriedig agEpreder®ed 1IdPhh in the

ap ed .cl ai Bri L Qb L : B
FORERT o iR £ iy, Shobe hlsl B8Bh o enteMiRtiRuctor
- stric@nre ngtiteyion pdé of phe pussdntsinivantiog, tvikleneinnFEGf 5 (&t is a

exenpl ary enbodi nent of the present, invenjiqgn. FIG
crogs-gestigppb FEEWC odi 98¢ FFARBIG 9§ HrHFtHEg Pg\ﬁ{‘hﬁt dpppscene

wirfHiP %Ilq 19 (BY S N Bbsd-Bcetdildl {RWWIb:8VhER] HhadlOHHS is
rsulating filmin a )

inserted in the structure of (b), and FIG. 5 (¢) is a cross-sectional view
when an etching stop film is inserted in the structure of (b).

FIG. 6 is a drawing showing cross-section of the semiconductor

device in the example of the present invention.

Description of Symbols
[0111]
1 formed film member (semiconductor device)
2 Reaction chamber
3 Gas_ supplying section

50 Plasma CVD device

100 Mixed raw material of cyclic organosiloxane raw material in liquid
state and compound raw material

101 Cyclic organosiloxane raw material in liquid state

102 Raw material tank

103 Compound raw material in liquid stafe

112  Vaporization section



33 second exenplary enbodi nent of the present
invention. FIG 3 is a schematic diagram show ng a
raw materi al supplying systemof the filmform ng
devi ce of porous insulating filmin a third
exenpl ary enbodi nent of the present invention. FIG 4
is a drawi ng showi ng cross-section of a sem conductor
device in an exanple of tRd present invention,
wherein FIG 4 (a) is a cross-sectional view when
each of materials is lamnated, FIG 4 (b) is a
11 ro%s sectional view when patterning and dry etching
PRM Bt hed, FIG 4 (c) is a cross-sectional view
119f gﬂﬁz%md;@@gmfnor devi ce upon conpl etion when
materials are buried in a groove fornmed in W FIG 5

200 s BIQFERIIng showi ng cross-section of the
cture in the exanple of the

du t
2Olpre é‘ﬁ?"@ﬁb‘@hl%‘fgsﬁﬁ@reln FIG 5 (a) is a

zoﬁr Q@gbseggﬁ&ﬁ%xmbqﬂﬂnpf one exanple of structure of
dual damascene wring, FIG 5 (b) is a

210y @38bsebldtaal wiring mhAbarial hard mask filmis
[ rt int ruct ure .of and FIG 5 (c) is a
211622& i on Psviaéﬁlg &ﬂ’é‘ﬁeraﬁ Wt ching stop filmis :

212 Qﬁ@ﬁtﬂbﬂ pitoge st Ve ﬂft@rl%ef/\{ns'ﬁ'lé%mg il @ draw ng
show ng cross-section of the sem condlctor device in

213t hewaagpherbfyarnesplasmniilinnvent i on. Descri pti on of

Synfyol 0111 1 forned film menber (sem conductor
2144e fdaé %@’l‘? EbPY¢hanber 3 Gas suppl yi ng section

21559155@1% CVDHig¥i&semif Axed raw material of cyclic
organosi | oxane raw material in liquid state and

| 21606mﬁmundﬂaad/ma$bﬁlm 101 Cyclic organosil oxane raw
217a, &ﬁl al Eit(Hn %l% fﬁt ate

218a, 218b, 218c¢, 218d, 218e, 218f, 2i8g SiCN film

219a, 219b, 219¢, 2194, 219¢ Porous insulating film

220a, 220b, 220c, 220d, 220e, 220f CuAl
221a, 211b, 221¢, 221d, 221e, 221fTa/TaN
222 TN

223 Tungsten

224 Silicon acid nitride film

225a, 225b TVTIN

226 AlCu

VU, VUL, VU2 Vaporization control unit



102 Raw material tank 103 Conmpound raw material in
liquid state 112 Vaporization section 34 112b
Vaporizer 113 Silicon oxide film 200 MOSFET 201
Sem conduct or substrate 202a, 202b Silicon oxide
film210a, 210b Metallic wring material 211, 211a,
211b Insulating barrier film 212, 212a, 212b, 212c
Via interlayer insulating3bilm 213 wiring interlayer
insulating film 214 Dual damascene groove 215, 215a,
215b Barrier nmetal film 216, 216a Hard mask film
217a, 217b Etching stop iilﬂk§18a, 218b, 218c, 218d,
218e, 218f, 218g SiCN el 9a, 219b, 219c, 219d,
219e Porous insulating film 220a, 220b, 220c, 220d,
220e, 220f CuAl 22l1a, 211b, 221c, 221d, 22le,

- 221f Ta/ FaMetBe? 1o+ NoR2dng pugstienn@2iitig fitmn wlcérdin in a
nitride film 225a, 225b Ti/_'[iN226 Al Cu VU, VU&, VU2
mebhodo oL forymng o r 8IS atipgafilm by plasma vapor deposition

method by supplying at least cyclic organosiloxane raw material to a
reaction chamber;

a mixed gas of the cyclic organosiloxane raw material and a
compound raw material inclulding at least a part of chemical structure

comprising the cyclic organosiloxane raw material is used.

2. The method for forming the porous insulating film according

to Claim 1, wherein ' |
mixing ratio of the mixed gas in vaporizing state of the cyclic
organosiloxane raw material and the compound raw material is within

from 5 to 200% by volume for the latter with regard to 100% by volume

for the former.

3. The method for forming the porous insulating film according
to Claim 1 or 2, wherein the mixed gas is formed by vaporizing a mixed
raw material of the cyclic organosiloxane raw material and the

compound raw material.

4. The method for forming the porous insulating film according
to any one of Claims 1 to 3, wherein the compound raw material is the
compound raw material including a part of side chain of the cyclic

organosiloxane raw material.

5. The method for forming the porous insulating film according
to any one of Claims 1 to 4, wherein the cyclic organosiloxane raw

material includes a structure represented by Chemical Formula (1)



CLAIM5 1. A nmethod for form ng porous insulating
film wherein in a nethod for form ng an insulating
filmby plasma vapor deposition nethod by supplying
at | east cyclic organosiloxane raw material to a
reaction chanber; a m xed gas of the cyclic
organosi | oxane raw material and a conpound raw
material inclulding at | edsét a part of cheni cal
structure conprising the cyclic organosil oxane raw
material is used. 2. The nethod for formng the

porous insul ati filmaccording to daimJl, rein
Shomgﬁgw a‘tsheaea?,rﬁh@qﬁrri%éoa@agny PigaRo P orerf @?ﬁ? gpup,
L 0S4 rd a
R e e R e R Rt
vol ifherhienl Foemhads tiér with regard to 100% by vol une
for the fornmer. 3. The nmethod for form ng the porous
[ nsu!_ﬁ%ti ng filmaccording to Caiml or 2, wherein
the m'2ed gaS1is formed by vaporizing a mxed raw
mat eri aN of/t he cyclic organositoxane raw nateri al
and. t he Scibnmpound raw material. 4. The nmethod for
form'cgg’the rous insulating filmaccording to any
one 01] Clainmgl 1 to 3, wherein the conpound raw
er_t_glg I is e npound raw material including a
Far t Ksi hai - ®f the cyclic organosiloxane raw
térial @5, The nmethod for forming the porous
insulating fil cording to any one of dainms 1 to
4, wherein the cyclic &Fgﬁmﬂl&tmidar(&% mat eri al
i ncludes a structure represented by Chem cal Fornul a
(1) 36 shown bel ow wherein, R and R2 are any one or
mor e6of Tihetrhytha@t foxFormehd ¥he @oooys inpudptihg glledpecording

i sopropyl group, vinyl group,.allyl group.
to any F2mep)c/)f aimg 1 to y5, vgvhergm the ycyc c orpganosﬂoxane raw

material is at least any one of raw materials including a structure
represented by Formula (2), Formula (3) or Formula (4) shown below.
[Chemical Formula 2]

CH,

aS—< —CHy

. Si\ ’ .
o0

H

H.C

3 CH,
- T[_/

e
ol

CcH, HGC ’

H

(Chemical formula (2))



[Chemical Formula 1] RQR 3i '"'NI RLRR Z
(Chemcal formula (1)) 6. The nethod for form ng the
porous insulating filmaccording to any one of
Clains 1 to 5, wherein the cyclic organosil oxane raw
material is at |east any one of raw materials
including a structure represented by Fornmula (2),
Formula (3) or Formula (4B7shown bel ow. [Chem cal
Formula 21 CH3 H3C-< X-CH3 Si H 30 OF CH3 H3C C
>CH3 cH3 Hoc (Chemical formula (2)) 37 [Chem cal
Ford[rula 31.CH3. HBC.CH3 Si Q'~\0O H3Cc 1\ ; "CH3
HedGhexmpal Formudsi3] HC (Chenical formula (3))

Hg

¢
HaC— . _f,Ha

T ]
HgG—s | _$1-—CH,
HqaG Q >__E:H3
c.-Hs H3c
(Chemical formula (3))

[Chemical Formula 4]

(Chemical formula (4)

7. The method for forming the porous insulating film according
to any one of Claims 1 to 6, wherein the compound raw material includes

a reaction precursor of the cyclic organosiloxane raw material.

8. The method for forming the porous insulating film according
to any one of Claims 1 to 7, wherein the compound raw material includes
a compound including a structure represented by Formula (5) shown

below.



[Chem cal Formula 4] CCH3 H3C--{ /~-CH2 Si H2 L -
CH3 H3C O/ CH3 CH3 HZC (Chemcal formula (4)) 7.
The nethod for formng the -porous insulating film
according to any one of Clains 1 to 6, wherein the
conpound raw material includes a reaction precursor
of the cyclic organosil oxane raw material. 8. The
met hod for forming the poB8us insulating film
according to any one of Clains 1 to 7, wherein the
conpound raw nmaterial includes a conpound including
a structure represented by Formula (5) shown bel ow
38 [Chemical Formula 5] 14 30 HBC 0 CEi2 4-Si ---~

H2 SR nkiehERrbEauid g1 mul @ (5)) 9. The nethod for
formng the porous Insulating filmaccording to any

one of Clains 1 to 8, wherein the conpound raw
mat edi at i ncludes at |east any one of nethanol,
et han® N, Propanol or isopropanol. 10. A sem conduct or
Heni ce inmdluding an insulating filmbeing formed by
pFasma vapor d $4ion nethod by supplying at |east

ac al__i_cSl

H 3 G cH 3
(Chemical formula (5))

9. The method for forming the porous insulating film according
to any one of Claims 1 to 8, wherein the compound raw material includes

at least any one of methanol, ethanol, propanol or _isbprbpanol.

10. A semiconductor devicé including an insulating film being
foi_;med by plasma vapor deposition method by supplying at least a cyclic
organosiloxane raw material to a reaction chamber, "

which the semiconductor device includes porous insulating film
being formed by a mixed gas of the cyclic organosiloxane raw material,
and the bompound raw material containing a part of chemical structure

comprising the cyclic organosiloxane raw material. .

11. A semiconductor device including an insulating film being
formed by plasma vapor deposition method by supplying at least a cyclic
organdsiloxane raw material to a reaction chamber, which semiconductor
device includes porous insulating film being formed by a mixed gas of the
cyclic organosiloxane raw material, and compound raw material

including a part of side chain of the cyclic organosiloxane raw material.

12. A semiconductor device including an insulating film being



organosi | oxane raw material to a reaction chanber,

whi ch the sem conduct or devi ce includes porous
insulating film being forned by a m xed gas of the
cyclic organosil oxane raw material, and the conpound
raw material containing a part of chenical structure
conprising the cyclic organosil oxane raw materi al .

11. A seniconductor devi ce39 ncl udi ng an insul ating
filmbeing fornmed by plasma vapor deposition nethod
by supplying at |east a cyclic organosil oxane raw

R Bl Qb OB R B S SR e

orghyiosileRaRrHasn aferidleo Lydd dtorPélganbsl, | oxane raw
material, and conpound raw material including a part

of whieh semiigpnstuathre deyiskiiachrdgsnpaionssianelating film being

i-al . 2 sem.conduct.or devi ce including an.

torfRUGH R e € ST M B rB P Tl A BpsPrial, and
contiRROf] thaen AREAE] bihAURP! ¥ REadthor eR&lcudsdtyY ®fi the cyclic

organosi | oxane raw material to a reaction chanber,
organpulpxame on awatesialdevi ce i ncl udes porous insul ating

filmbeing forned using a m xed gas of the cyclic

organosi | oxane raw material, and conpound raw

material that is a reaction precursor of the cyclic

or ganosi | oxane raw materi al .



