SPECIFICATION METHOD FOR FORMING POROUS INSULATING
FILM AND SEMICONDUCTOR DEVICE Technical Field [00011 The
present invention relates to a method for forming porous insulating film,
and in particular, relates to a semiconductor device including a wiring,

and a semiconductor device including d wiring structure
including Cu as principal comﬁg@ﬁjt?%@‘g}mr@Art [00021 In silicon
semiconductor integrated circuit (LSI), conventionally, aluminum (Al) or Al
alloy has been used extensively as the conductive material. With the
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manufacturing of LSI, and for the pur[@se of reduction _in resistance in the
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conductive material has begun to appear. Since Cu easily diffuses in a
silicon oxide film, according to the prior art, conductive barrier metal film

TedorHreyvepieniof 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 wli®§§ 100031 In recent years, progress in microfabrication of LS|

resulted in wirings with finer dimensjons, and increased capacity:hetwe
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.2. constant features ?f glterla()jer insulatin .filnl as well as nycrofabrication
wiring structure including Cu as principal component.

Background Art

[0002]

In silicon semiconductor integrated circuit (L.SI), 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 reduction
in resistance in the wiring and for improvement of reliability, use of
copper (Cu) 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



are effective, and it is therefore necessary to meet with both
requirements. [00041 For the purpose @f reduction in effective capacity
between wirings, realization of low-dielectric constant features of
interlayer insulating film (in this case, silicon oxide film (k = 4.2)) is
necessary As low-dielectric constant film, for example, HSQ (Hydrog
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red@iiping@aaus insulating film using plasma CVD method. Patent
Document 2 describes a technology of forming porous insulating film
using{Gﬁﬁé] organosiloxane Patent Documentl: Japanese Patent

Appligation,Laid-Open No 89105 P
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described in the patent documents, according to the prlorﬁrt porous
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insulating films having specific inductive capacity 2.4 or less is cited,

formhitd bmingadychecplabing G\eDhoethvd poicthepesildod metdihor the like.
adheilélSB%is is particularly desired. However, the prior art

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: dJapanese 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 organosiloxane. However, in accordance 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



has the following drawbacks. [00071 (1) With the technology described in
Patent Document 1, a film formation mgthod of cutting-recombination
type is used, in which raw material monomers are decomposed in
plasma. For this reason, hydrocarbon components bound to raw material
monomers are detached, and such a problem arises that reduction in
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ha &e}{:éfifﬂll g%ﬂ?\%g@%h%g &Sup to approximately 2.7. [00081 (2)

eanwhile, in nology which uses cyclic siloxane raw material
mondimgs;flescribed in Patent Document 2, cyclic structure of siloxane
acts as the framework, specific inductive capacity of approximately 2.6 is
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chain, additiopal reaction of.the monomer is. promaoted by having vinyl .
Tor 4t B8 Wk, ArichE PR HE MBLEAEO BBl B S inieediich T2
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the film is smaller than that of raw material monomers, and for the
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present invention is to provide a method for a forming porous insulating
upfite aipipgecsictiasadrahd raw material monomers, that is, a method for a

formﬁgéﬁgjs insulating film with reduced specific inductive capacity,
and nductor device including porous insulating film being formed

by thisomeiednieans fon SN e Y¢S Hich uses cyclic siloxane raw
material monomers described in Patent Document 2, cyclic structure of
siloxane acts as the framework, specific inductive capacity of
approximately 2.6 is obtained, steric hindrance is formed by having
isopropyl 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]

The purpose of the present invention is to provide a method for a
forming porous insulating film using cyclic siloxane raw material
monomers, that is, 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



[0010] The inventors of the present application investigated methods for a
forming porous insulating film and found the above-mentioned method for
a forming porous insulating film. The method for a forming porous
insulating film of the present invention is characterized by that, in the
methpd f%gorming insulating film by plasma vapor deposition method, in
whic st cyclic organosiloxane raw material is supplied to a reaction
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in ovgaidsilakatreasiv enaléciapteneridexamepBeius Madkriad fign sappdied to a

v AT Ao IR BRI 5, CSGLE B RRASOIBSAA oy material
anWaeRNsHIND chemiaeh siticilreddentiashyith thatef frecystigical structure

siloxane raw material in the reaction chamber enables suppression of
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meantime, whilg the mixed gas is in vaporized state,. mixing ratjo of the
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volume. [00121 Thé method for forming porous insulating film according
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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
volume of the cyclic organosiloxane raw material is preferably in a range
from 5 to 200% by volume.

[0012]

The method for forming porous insulating film according to the

present invention is characterized by that the mixed gas is produced by



5 vaporizing a mixed raw material of the cyclic organosiloxane raw

material and the compound raw materia$. When a raw material, in which

cyclic organosiloxane raw material and the compound raw material are

mixed with arbitrary ratio, is used, cost reduction can be attained through

a simplified film forming device, simplified film forming sequence, and
vapepitzagors [0niEpEuRASE, teademigdund rdlentBilianQudagasplekane raw

sjde chain_qf the cyclic organagsiloxane rayw material r this re n, if . .
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side "Chain;, that'is a'detachment component, is caused 10 be present’in

wiRd¥anee dnighe Phiaseaside ¢hain hondingiadn Bad the compound raw
thermodynamically stabilized and detachment of side chain that is _
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rganqsilpxane raw material a,structure representeq by. Chemical,. . .
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group, and allyl group, and specifically, a structure represented by
Chenli@@ilfdimula (2), Chemical formula (3), or Chemical formula (4)
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of the cyclic organosiloxane raw material. For this reason, if a side
chain, that is a detachment component, is caused to be present in
advance in the vapor phase, side chain bonding can be
thermodynamically stabilized and detachment of side chain that is
bonded to cyclic siloxane can be suppressed.

[0014]

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

[0015]

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



[0016] [Chemical Formula21 CHsSH3CCH3 & rebH3c,-114Ha Og

H3C _CH3 CHs H3C (Chemical formgila (2)) [0017] [Chemical Formula
31 CHs H3C CH3 SiTI\0 H3C ///"1i-CH3 H3C-\ Q }-- CH3 CHS H3C
(Chemical formula (3)) [0018] [Chemical Formula 41 CH 3 H3C-<0"0O,~
CH %0%1E|]2C 40 CH CCH3 H2C (Chemical formula (4)) [0019]

[Chemical Formula 2]

CHa

Hac_.< /——-CH
Hac T
H c_< >.cHa

(Chemical formula (2))

[0017]
[Chemical Formula 3]

CH 4

Hac /ﬂjH
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(Chemical formula (3))

[0018]
[Chemical Formula 4]

GH

(Chemical formula (4))
[0019]

Alternatively, the compound raw material preferably includes a



Alternatively, the compound raw material preferably includes a 7 reaction
precursor of the cyclic organosiloxane, dr a compound, in which the
compound raw material cmoprises at least silicon, oxygen, carbon, or
hydrogen, having chemical structure represented by the following
Chemical formula (5) may be used. Further, two or more of these the

re awiHpbUE LTSRS AR ey BicnaXEaneoox 10ReAlcA FOFRAAES, in which
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insulating film of the present invention is used as the interlayer insulatin%1
C hftmissihfdomeliotba subsirire srsatichFeenthendtivior elemeneisof these the

forme%#ow-caﬁgc%/ fegtures bzttéyeen wifngs are attained and at the
COTLRAL é”,aﬁ’}fg P RSSO A Iiff}%e tained. Specifically, such a

semiclgg@(w}]tor device is meant that includes insulating film being formed
by the plasma vapor deposition method, wherein at least cyclic
orgarésiexaiea tafommtelial 3 supplied to the reaction chamber, which
semiconductor device includes porous insulating film being formed by a
mixed, gas,of the cyclic organosiloxane raw material and compound raw
materlal%qg:[;ining a part of chemical structure comprising the cyclic

’Qrg%nosilox e raw material. Further,
3 CH,

\O—SII—/

HeC GH
(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 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. Specifically, such a semiconductor device is meant that
includes insulating film being formed by the plasma vapor deposition
method, wherein at least cyclic organosiloxane raw material is supplied
to the 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 containing a part of chemical
structure comprising the cyclic organosiloxane raw material. Further,
such a semiconductor device is meant that includes insulating film being

formed by the plasma vapor deposition method, wherein at least cyclic



such a semiconductor device is meant that includes insulating film being

formed by the plasma vapor deposition gnethod, wherein at least cyclic 8

organosiloxane raw material is supplied to the reaction chamber, which

semiconductor device includes porous insulating film being formed by a

mixed gas of the cyclic organosiloxane raw material and compound raw
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reaction chamber, which semiconductor device includes porous insulating
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appended drawings. Effect of the Invention” [0024] With the use of a
wheethed & lemsihg polnusinsitsisdditmrendra semiedadiclordengplied to the

accordln to the present invention, low-dielectric |nterl er constant film is
reagt ’fﬂﬁp% Ao THRAB T A ViR R PRGBS ulating
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or Carrying Out the Invention [0025] Before
m@’e@iﬁtﬂlrtgriﬂequmun@fih&vpms&nwa@blidaﬂbnsnagreate:mat@]tecursor of the
meanings of terms used herein will be explained. [0026] Low-dielectric
cy eH{PASMOSALREAEE for example, a film for

[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 the present invention, low-dielectric
interlayer constant film is accomplished and eventually, performances of
wirings are improved and formation of LSI with high-speed and
low-power consumption features is 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.

[0026]

Low-dielectric constant film denotes, for example, a film for
separating wiring members by insulation (interlayer insulating film),
and indicates a material with lower specific inductive capacity than

silicon oxide film (specific inductive capacity: 4.2) used for the purpose of



separating wiring members by insulation (interlayer insulating film), and

indicates a material with lower specific ghductive capacity than silicon

oxide film (specific inductive capacity: 4.2) used for the purpose of 9

reduction in the capacity of multilayer wirings connecting semiconductor

elements. Particularly, for porous insulating films, for example, material
redygtiondispbeifapactietamadiilaitcon s siRPRIASHE HERIMdponductor

or materials with lowsr specific inductive. capacit eq:+f
eie(’ﬁ%?%sgen |Isaer§&ﬁllb>?arng’) fitm, or §|%98]% Slllégévl %%?}Lglaqc‘:ﬁy%nhﬁr?d example,
m e iERReHaRRMA D) SQRAfeaisicwed Apdemartdilicsaraxide film is made

(registered trademark)) by making them porous, are mentioned. At
popvasent cattairteni disfuniith (dweradie e Benintu efife seamelly produced

desired, {00271, In th t | bodi lig, i
froR iR o OB TaR BRR L L LT oD G oy Black
DifeHabliy At meiedieMgpsmRsoT T RARIGelamendhgaliemaik), Aurora

may be included in the material comprising Cu, or metallic element other
(repist@e tharbd donaek)onhyp moekongidtifere d@eysp2sie mentioned. At

Damascene wiring dengtes a buried wiring prodyced in such that . .
DGR At ARl L B HRAT A ol P FhEHa GRPRE G e films is
debgipg formed in advance, and surplus metals other than the groove are

removed by CMP or the like. Wiring structure normally employed when a

damad€@é lwiring is formed by Cu is such that side face and periphery of

Cu wiring are covered by barriirﬁimetal, nd top face of Cu i

coverlR B EUIBERE bAHRRITATEREN e toleEtAi: AL iae materials

ar{-%> ﬁ%ﬁg@%ﬁ%ggﬁé}i&gggt d?éﬁ%x.metpgg ALCOPGRYBE NG LR B¥ D ement of
reliability of metallic wiring materials, metallic element 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 damascene wiring is formed by Cu is such that side face and
periphery of Cu wiring are covered by barrier metal, and top face of Cu
wiring is covered by insulating bafrier film.

(00291

CMP (Chemical Mechanical Polishing) method denotes such a
method that concavity and convexity on wafer surface generated during
multilayer 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



multilayer 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 10 surplus metals
after a metal is buried in the wiring groove or via hole and to obtain flat
sungling surbels [afaol aBmﬁéﬁln@ta%uémﬂeéla $BRINCINA EIBTABKRIRG via hole
arrier. f atu used for cov ’F‘ﬁm side face and bottom face of the wiring

an FBI’%@ ?1{?6 Wﬁﬁ%solf lic element, that comprises the wiring,

into ||p@g§!§g]3r insulation film or lower layer. For example, when a wiring
comprises metallic elements composed primarily of Cu, hlgJm elting point

metal8 aswobrasatid|den@s tantanduotide (an)inchwilingbadaier features

), tungsten carbonitride (WCN), nitrid the r their Iaml ated film
us§iLN e S IOBES SHELIRt A B WA, FBFR Gt GRG0 IELbAl G revention of
dlﬂ‘ﬁr GNP MOCHRRS D PFRYER! ct’fi%@'@&rﬁb@iééﬁ difusien A E U I8 interlayer

insu atlng film, and acts as etching stop layéer at processing. For example,
inSiCxfilon $1§[ih| filn Gt ragrethe IRmaremmpf[@p?ﬂheﬁem|mrdngto:romprlses

substrate is a substrate on which is compos nduc or device,
me&w&%a@e@qﬁﬂ@aﬁ%@ﬁqm&%% 9@@ ﬁi g point metals

ﬁnag an‘emyRﬁt@*@fo&Hgtt@z&%tﬂlma%fa@a@@ﬂ t‘i‘%a‘ﬁ?ﬂﬁ? H‘R%?de (TiND,
ed specifl

provi ally on single crystal silicon substrate. [00331 Hard mask
tuglgnotes emibsuliting dilWEIEh inianiivatddere dfe ointerlzipel dmsitatiregl film are
film and plays a protection role, when performing CMP directly is difficult
usgde to strength reduction by low-dielectric

[0031]

Insulating barrier film is formed on top face of Cu wiring, has
functions to prevent oxidation of Cu, or diffusion of Cu into 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 is 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 insulating 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]

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,



constant of the interlayer insulating film. [00341 Passivation film is formed
on the uppermost layer of a semicondygqtor element and has a role to
protect the semiconductor element from moistures from the outside. In
the present invention, 11 silicon acid nitride film (SiON) formed by plasma
CVD method, polyimide film, or the like are used. [0035] The plasma
sil@vD methdd isisuitea fidthod $idd 1} efampledraby madasahia gSébus method,
tate |s supplied continyqusly to reaction chamber under reduced
poiﬁé@%@r@, HPe&ﬁe@LQril t3rifo BXEitation state by plasma energy, and a
conti BOMES Im is formed on a substrate by vapor phase reaction, or
substrate surface reaction, or the like. [0036] For PVD method, although
ordindtheppltaring MEHddmeethbd issadidhimpmedhedt Gidufgingexample, raw
characteristics, improvement of film qualéty, uniformity of film thickness in

MR GRS e HiRLLINSTIRPRISRS, SAIIERHG Wilthdd whRAtion chamber
un r?‘%gﬁ%gt%rg(f‘%\é@ﬁg?hIi%1@&91ggo\ﬂr}o:1ﬁﬁ@nQﬂ%8th@Qeﬁ%H%Bﬁtestate by

sputtering method, ionized " sputtering method may also be used. When
plaptiteringeagalland mewh tothes iafi bringipdbearepboentisodistedte by vapor

be contained in advance in a metal target within solid solubility limit to
phasaiReALEIRY. fith Hebs i1 THHIBEM e8GR 1P ThENS 4858t invention,

this "]1?}8%% ay be used for forming Cu seed layer or forming barrier
metallayerwhen damascene Cu-wiring is primarily formed. [0037] TDDB

(TimefaparventRiepeidic Brehkdewn oseliinerkfeds @t toethed fioethod may be
predicting a time till occurrence of insulation destruction by accelerated L
usedt. Ehrisxprpremerh POOBEEIIE: thaamséayislics, improvement of film

guality, uniformity of film thickness in wafer plane are taken into
considerations, sputtering method which ensures good directivity such as
long throw sputtering method, collimate sputtering method, ionized
sputtering method may also be used. When sputtering an alloy, a metal
other than principal component is caused to be contained in advance in a
metal 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.

10037]

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 is
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



wirings is measured, a comb type TEG (Test Element Group) is used, a
comparatively high electric field of apprpximately from 1 to 4 MV/cm is
applied under measurement conditions of a predetermined temperature
(e.g., 125C), and leakage current flowing between the wirings is
monitored. Measurement of a time from electric field application start till

of ihEUBosedadoeidiitn allows comparison of superiority or inferiority 12 of
TDD ice life. [0038] (Cyclic organosiloxane raw material and
com w material) The following description deals with cyclic
0rgarw&%r@r@hﬁ@tﬁf@ﬁ@%m%@wm@%ﬁmm 8w material)
method Tor a forming -porous insulating film of the present invention.

[0039] ey did lrgangsildzanei ppaomatkridlss witdmpyehd repgspasdonane raw
Chemigal foymula (1) shqwn previously, Ailkyl roup R2in Chemical . .
mASERIN A ArEAHI B IB ERDALRIA oM G seBI K gp forming
polbiibatupL Ao & the irecnrclialnifimeycic organosioxane
raw material is preferably compound represented by Chemical formulae

(2) to[@)38dbwn previously. [0040] Specifically, the compound raw
material is preferably a compound including.a part of chemical atructure

compiSiRl EHREANESSIRABSISRAFPAERiRb 18 2AA™R RBHBO P Tesented by
CHAGHAIRg %Qﬁﬂlﬁ'ﬂ?'éﬂo%%%%f}ﬂé?y?“ %lﬁ?g}“g%ﬁ&@ﬁ@ﬁ@in Chemical
arly preferable” For example, the

organosiloxane raw material is"particu

foeyalitzofganosilaxand yavw roaferietiry Cheogal foropld giois g, dsoyponped group,
_including each of alkyl groups R1, R2. The cyclic organosiloxane raw )
VinidterBI B heRidal foBFRIEP(2) Bra BHipolieincuding eeiicgtlip ablge  cyelic

org)ér)mgg%g}/ég%ija’ %@ewcy&”a(ftggquofélof%%é§%wt%%%iﬂogfﬁ{nif@bresented by
Chemical formulae (2) to (4) shown previously.

[0040]

Specifically, the compound raw material is preferably a compound
including a part of chemical structure comprising 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 compounds, and in particular, methanol, ethanol, propanol,

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



compound including methyl group and isopropy! group, the cyclic

organosiloxane raw material in Chemic?gformula (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 compounds, and in particular, methanol, ethanol, propanol,
migepiepanal(iPhe, stlthe bkénaet Inandicrede 5 lihérpcariponhdatre 18 (ethylene

materials may be a§kane (metZane series hydrocarbon), alkene (ethylen

seiBNJaREbOR); AR LLBIYIBIERTSE R JEHGPEPHR) IRE e like in
W}Vg{gicfh - OffUERerChiSopthe J)'b.eﬁsig bgjyad E&ﬁ%%ﬂgf“ﬁ@sthe compounds.

ecifically, compound raw materials may be methan, ethan, propane,

SiribifirrdlRcebigpewai dnedike. ivadditids, eempdvedmaikrals otda e propane,
benzene, trimethylbenzene, naphthalene, or the like. [00421 Further, the

ethonasunacely arriarsthretiksly alrbaﬁfﬁdﬁti@@cﬁ%mﬁm@cyeﬁ@e}'ials may
o T B R e ovare =

ursorto react. The réaction
precufggy49f]this cyclic organosiloxane raw material is a compound
including a part of skeleton of the cyclic organosiloxane raw material and

includésatheast hixdrogem pavouh, saygem sitiebial THe eeefioiably a reaction
ted by above- tioned Chemical f la (4 [

DB A AL L ol FA T LB R B B Eve. TG words, the

cyEhemnisahinpisehaand thpteforedf HesestyslitgOtdanaginxana rPwecursor to

materials and reaction precursor thereof are used as the mixed raw _
remette e foefrtiing pirporosinsfiding il fiermirgpafoptaxene raw material

IR S vt e g breemes sl S
raSP MAAYBISQ" BHRIOT LRI R MSREPTRY PARAYNGS PEYNDed488skn, silicon.
- The reaction precursor represented by above-mentioned Chemiecal
formula (4) that is cyclic organosiloxane raw material is represented by
above-mentioned Chemical formula (5), and therefore, if these cyclic
organosiloxane raw materials and reaction precursor thereof are used 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 cyclic organosiloxane raw
material and compound raw material is introduced to the reaction

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



[00441 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 cyclic organosiloxane raw
rawmatenatend tompsunefrathmateyiliis isrgdutesiloxpaecatdsn material and

chamber (described later) for forming of porous, insulating.film, each,of 14 .. .
CO TR HBA A GHE )Re 5 i RN G CER B liuid
ral@hiAesal maye mpedinihg Wedion FrmpehOriawd R ImaIset (mixed

being mixed in a step prior to the reaction chamber (mixed raw material)

rais vapdezedlbyis vaparizerdnbymixethgasihas produnetkadagde tised, produced
or raw materials vaporized in the step pri_ogréﬁ the reaction chamb?ir

5B F AP SHSErRAHIAL JAPIHRASH Hay BE SLER. BOAS YO Ehe; reaction
chgﬁM%wfﬂﬂ%@?g%gﬁgnag&%e& BVRDIRTx IutBe A dPmay be used.

orming porous Insulatin referable for interlayer insulating film by
the plESHES vapor deposition method while supplying at least cyclic
organgsiloxane raw material to reaction,chamber, forming is made

POSSi .@V\ﬁih%grﬁégaé'ﬁfaeﬂ%ﬁlﬁ&e@i%yclic organosiloxane raw
materg?,l afgecolﬂg%%%ramdgﬁﬁgﬁl. (09460, & fﬁé%wpﬁﬁy forming porous

embodiment for forming porous insulating film while supplying a
invapatizeg Avmpterfahsddplidditoiateakipachambbitivil e exdgingdde plasma
hereunder referring to FIG. 1. lE}(i}OMl FIG. 1 is a schematic view showing

Vg SapfRtlapBlasekhed DV Balecs Wiy tas i Jeastof¥GHAmMganosiloxane

ralP SRR A% L HIR chamber, forming is made possible with the use

of a mixed gas of cyclic organosiloxane raw material and compound raw
material.

[0046]

A first exemplary 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
supply 40 is connected to the reaction chamber 10 by a high-frequency

cable 44 with a matching box 42 mounted midway.



forming) based on the method of the present invention. A plasma CVD
device 50 shown in FIG. 1 includes a rggction 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
connEfetRio the reaction chamber 10 by a valve 32 and an exhaust pipe

36 with ling trap 34 ted midway. The high-f :
S S Tl i e DAL RO 5 i
hof@P8:f4 WihR RahiRg Pen A2 MmeHbed Tidwan 48 dPafdbiadlietor substrate,

reaction chamber 10, a substrate heating section 3 which holds and heats _
and farmkddier rhembed 1tounthaslsemieontktof dlisstenres, sampdshaveipe 22 is

head 5 to which gne end of the gas supplyipng pipe 22 is connected,and
MMt BBhSHRIE RS FBSHESedo  Afe IS0 SHEHIR cpioddgposed each
in ¥ e vire £,is Soppie HPsh inghEestipa fheAddheati
mn fﬂgﬁ?ﬁrgg&%\{cy é\ le 44 1s %;oﬁr?r‘%ggtg% to theésﬁé%\?ewgegﬁd §H eatng
sedtietefare agab ithe shigh-fetyeemtye sabiratbthémtionnseetizrd Ianthe shower

the shower head 5 can be turned to plasma while raw material gas or the i
hed b sUBPIRES R tBHAB SLSBIRHT BEEHERER0 B are Una R g dng section

3 Yi2{he gas.supp iﬂg#&pg ﬁ%ﬁ%aéﬁ%éaﬁt% y&srﬂg%{ffﬁ%’?ﬁw material gas
p -1r upp

ower generated by the high-frequency power ly 40 is supplied to

orthBsheweribeadppaftal dnsasefhemined fregudptyds saidbare@théretthe shower
by a matching box 42 disposed along the way of the hi h-frequegcy cable )
hezal [0D4gTioThd lyas GasolyHIPEITABE 20 RRdLLraRMRatétlal §BE sipipe  tme,

L e G Ny T
is (R ppmbAr dgrehdinsheomibe Himberofifnes of corepetedraned frequency is
allocated thereto by a matching box 42 disposed along the way of the
high-frequency cable 44.

[0049]

The gas supplying section 20 includes raw material gas supply
tanks as many as the number depending on the number of types of cyclic
organosiloxane raw material gases to be used, 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



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

14comgotind rawritregias gasrppphambik 13 iancoomecheretogB s upprer 19 by a
PiRHhokied (0T FAISPIo Byin Hhg T2 Shebtio LOMRSCA FAHaaregion 18
eqﬁ%ﬁﬁé‘@_%’iﬁ{‘ﬁ 13,5 aonnecled I e a1besr 180V pRLed e thfednidthe valves

carrier gas supply tank 15 is connected to the mixer 19 by a piping
1846.1Bhoamivesoi8d e fiSmaraich gasthevpripengnifol 2edibnlt8 equipped
with ei(&ﬁlsf w rate controller 18c disposed between the valves 18a, 18b
are p in each of the piping of 12, 14, 16. [00511 Meanwhile, a

(:Ieantﬂgegg4 i %yig]g ngeaﬁ?fﬁ%vr\]/gggl ag%ﬁ}?@?ﬁ%d dflow e to which are

controller valve 26 Is connécted to gas “supplying pipe 22
disnidveay, aftbavwaste Hoidtpipiteg 384sdndnahed lbet®6eis thenmba SR o the gas

the gas exhaust pipe 36 and the cooling trap 34. |t is preferable th%ﬁorovi e hed
sup RBERE (IHhowh) RIBFARnTIRofAligiesktioH Bt aBAy a8 fels dranche

beggé%%%r géj%g\%?gr%ﬂsgg%g gg%hgpzfé!o&&%%gpg%%@%ﬂasawewm%g trap 34.

ying pipe ese piping 12, 14,
[t 16s0rghefaas BUpplying pind @2 ase prefarably(heatethdimiladyrit isrevention of
_ preferable to provide a heater (not shown) around the reaction chamber

liquefsatio purhess bfgradngtbria 3aades s trambendd frs pLikhapiping 12,
LR S AR USRS Ay I AR VRSB e 2,
and these piping 12, 14, 16 or the gas supplying pipe 22 are preferably
heated. Similarly, it is preferable to provide a heater (not shown)
around the reaction chamber 10 for the purpose of heating of the reaction
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 reaction 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-fréquency 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]



substrate is disposed on the substrate heating section 3, the vacuum

pump 30 is operated while the valve 32jis opened to attain initial vacuum

degree in the reaction chamber 10 down to several Torn 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) &hd ey oced gan arB cwpplide fruinethelgas’ gpplying seotitroPed by the

to the reaction chamber 10 together with carrier gas or dilution gas, and )
CO%%E%%?@%%’,%% %‘iﬁrﬁﬂ@ﬁﬁ%&% et St z%)aén&’%ﬁoé Méﬁﬁatermmed

e p igh- leqtri :

co%?é%‘s@t%%qg é@ﬁgxlﬁ’t%ld B% bigh Hﬁ%?niﬁ angs %%’é%i%éﬂ 80 the reaction

determined Trequency to the reaction chamber 10. | n this

chaachsion] Gow Patetoh banleof gasesisidontioied hyattwrtoirgagoidindie reaction
flow rate controller 18, a mixed gas with a predetermined composition is

chyankedtedbyshe niiadd wriele stipfiieP RHmRriededsn vetidber ange about
froy rpgip 533G cl)if th%ﬁ%‘ﬁ’i@@fﬁ}'%ﬁ?ﬁ@ 18 {gacya %cﬁ%@ﬁ%ﬁ% r%O at film

preferably Selectéd appropriate In arange abou

forimipignt pressuierabiie Racteftbhiamierahabfilabdatmirgis ptefesaldy Torr by
set within a range about from 1 to 6 Torr by controlling the vacuum pump

cogtralimgetieonyaearmorheBild fimmasndenpemntiormiog dhe formed

.. be set appropriately.withip a range from,;100 tq 400C by heating the, . -
LS RSP Mniritlor 1 By R LS G RSy SRR A1 Hom 452 ranse
fro3R0£08 RBrU@ iRy Pjelriabla oA ch X 2RA PRIVIP HeBAIRMPPIIH fBYW substrate

material is supplied to the reaction chamber 10 prior to supplying of raw

hentitedas gabicae ferriivdy B the2 5P ettheof (ois s misedaitly forafegadle. As
e, SO A L S I O eacion
ch8yiBe? of e laorethiikn pIasies 10P raw material gas, depending on the
type thereof.

[0054]

When film forming is carried out under such conditions, molecules
of cyclic organosiloxane raw material that is a raw material gas are
energized by plasma, 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
reach the surface 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 (SFg), tetrafluoromethane (CFy),

hexafluorcethane (C:Fe) may be used, and these gases may be used, as



activated state, and porous insulating film is formed here. When the

porous insulating film has a group withjghsaturated bond, molecules of

the organic silicon compound energized and then activated by plasma

reach the surface of the formed film member 1, and receives further

thermal energy from the substrate heating section 3, and therefore, the
necesadmatas hhednni tel apayenidntioygegragsisompogradombdimadike.  The

IR S NP DU S e QT HEEhLl R e EFminE gas
su?&?ﬁ%ﬁﬁﬁ@%nigggenlﬁrifgi%iﬂ%}mf@&ﬁﬁlfyrﬁxﬁﬂ%ﬁi%dsﬁ@’ﬁlm forming,

ane (CF4), hexafluoroethane (C2F6) may be used, and
highefecgasesdvaylbetrsedpowds necasshiydascnesaitde gabomittr head 5 and

oxygen gas, ozone gas, or the like, The .cleaning gas is supplied tp the.
thee sttt Bl BgaldREa 366 RANH YL Siifslyi smggqﬁsﬁfﬁwmg of the

a) 0 ed-at fil | igh u i IS
w00 Ao USRSl RpIn 1 advance
iniadyle Plasmet Ak eidehingef thee redctiemcbtemipdaiis aarriebeoudike is also
Use of cleaning gas put in advance into plasma state with the use of
efﬁ%(hﬁbté-plasma or the like is also effective. [00561 (Second Exemplary

ET:%Q&@%SE%%%{E%%@%%@% any; e iment of the present

vaporize aterial Is supplied to a reaction

chambpsteferar porous desuidting Sfirm plitl be ewpldinddrafaringfo tHE. present
~ 2. FIG. 2is a schematic diagram showing one example of important part .
inveagassupplyrgichetimppidradbianeaiataiade ivmate by tSoift reaction

o R R s P B Btering 10
Flagtificial hegligp isporyidgdschematic diagram showing one example of
important part of a 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 heating is provided.

[0057]

The cyclic organosiloxane raw material 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 108 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



[00571 The cyclic organosiloxane raw material and compound raw
material are mixed with arbitrary ratio, the mixture is supplied from
the gas supplying system 20 as mixed raw material 100. [00581 A
vaporization control unit VU includes a raw material tank 102 for
accommodating the mixed raw material 100 in liquid state, a pressurized

108as s\ibplyengndevitentb Injsithdlyng patesunzad gasdotion rabf) includes two
material tank 108 via a pressurized gas supplying pipe 104, a mixed _raw

valveribl §anskdObipands indigieloRo wha aerdsimiiak partiontdidlc disposed
k 102,.a liquidl fl | i ided | - midgl - :
A L L —

seflispaseddo atherdend:pk R mixed sapriaided Hangieneinadatitdthd other end
Above-mentioned liquid flow rate control section 110 includes two valves

sida @ thebmined rquwi makeaia kénavsdeatpipe 0ds sl a betnesizer 112b

the valves 110a,and 110b, and akovesmentiongd vapgyization sgction .
Coﬁfﬁﬁglﬁdgg ae\}é?\)’ee 1550 }é%%vg- en i%n@%eotﬁélrxgrgd Side Oxinaterlal

tréfif‘sfﬁ'&“iﬁdﬁ%"‘w@.te”al transfer pipe 108, and a vaporizer 112b
connected to above-mentioned other end of the mixed raw material

transzB(ﬂ)ﬁﬂi 108. [00591 Further, each vaporization control units VU

includgs a gas supplying tank 114 for carrier gas or dilutio s (hereafter
refer?fd%gh%r"cfrﬁ‘é%gasaﬁ%w&%m??P )(,ﬁa pﬁ‘ﬂ}ﬁ%sll or %)ﬁﬁf/{l[ﬁa a gas

sulPpLEAtEeE9aR Of tllulinn gasia the Larder Jas siIPI¥Ag Bk ddfty theferred to

mixéd raw material transfer pipe 108 at between the liquid flow rate
ascSetioksectigad 1ol pivepdazekion kéttoral20pimehelhdierofshpplying the

piping 116 is prqvjded a gas flow rate control section 118 which include
CoiRIARaE PlaA IBE RS dis %Fé%@&’r‘eﬁﬂ%vfﬁé%%{&ﬁew to the
mixed raw material transfer pipe 108 at between the liquid flow rate
control section 110 and a vaporization section 120. In the middle of the
piping 116 is provided a gas flow rate control section 118 which includes
two valves 118a, 118D, and a gas flow rate controller 118¢ being disposed
between the valves 118a, 118b.

[0060]

When a 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



between the valves 118a, 118b. [00601 When a pressurized gas is
supplied from the pressurized gas sup%ﬁ)\/ing 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
vapectiontidd wadhewithesh isadmatariat treesialgpipe 108, and reaches the
vapoﬁ{z}{a}:éo section 112 while merging carrier gas or dilution gas on the
way. ixed raw material 100 in liquid state reached the vaporization

tiop 112 j i t ' ' ' {oRr ;
o e 8 PROESELIER BESHY CIESHEIANRATBHIERPR BRIV s sent

to 0844 didmefstuphpe vEROrizdiieh skstam aeabiab teatizationpbriniidion section
20 vaporization even with mixed raw materials. [00621 A mixed gas
11gencFaiednixed esolibaioAeaphos hitunked skhp 168 gab iR d24. When

ipe 120 which is.cqnnected to the.yaporization segtiony-112. T [ .
ot B PN SRATET AR 1o DO i s Svile dike UL 8 pe mixed
fu PR’ asptive aRs Aidhe likemeadsitohesriked. further, mixing by the
mixer 140 is possible. [00631 From a viewpoint of smooth vaporization by
each B)%ﬁ])rizers 112b, a heater is preferably provided around the
mixedyaw material transfer é)gpe 108 downstream fgi)mt e valye,ilOcdn

the liquie Tbuit e WEIRBE s St PP N B FEREP B P &ty Of vaporizers

raw

119ansiermipg 408 és greferatlyyhentedi &dilarks drdhehrurpose @f raw material

prevention of liquefaction of each gas, a heater is preferably provided
tratseferopipkedtd dasvardtaesupigesmothesvabie iHdmietheotgnid flow rate
cog%%gpgstehcetr{]dn 110, and the mixed raw material transfer pipe 108 is
preferably heated. Similarly, for the purpose of prevention of
liquefaction of each gas, a heater is preferably 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 the 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



[00641 With the use of a film forming device including a gas supplying
section comprising above-mentioned cgrl'nposition, 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 the mixed raw material becomes liquid state
heuniess artificiaiiedting is provided. [00651 (Third exemplary embodiment)
Hereafter, a third exemplary embodiment of the present invention, in
Whicliggégaﬁized raw material is supplied to a reaction chamber to form

porous Jasylaling fI il XRARCRh tEIering G AubiRASAw material

schematic diagram showing one examp important part of the gas

mSYPH¥ing segtiepdraierahly ysaddora wasmubergdioiing keintaid cyaliged with
organosiloxane intended to be used as the raw material gas is low, and
arbidraryic Baginosirstind aybdieme RleEate tieLS apigadIgsiloxane raw

heating isprovided. [0066] Cyclic organosilo |al
m T et ey b ARG REID EHE SRR trgm the raw
m Ak Taiked pitly igrbigpet saipeaghe yiseatiowlimeter. Cyclic
organosiloxane raw material 101 and compound raw material 103 are
suppllé06@In the raw material supplying system 20, respectively. [0067]

A izati | unit VU1,incl ial tank_102 f :
oot AR e o BBl E S R i ANl al tank

109 9R5UHZe6 1938 SHRPIYIBOSRYieeckdt i SUBRIYING PERFSHIEZAN8ASIOD in liquid

the raw material tank 108 via the pressurized gas supplying pipe 104, the

stadw, bt pzesansizedigasosippdpitasde vine A& dbin stpplying pressurized
gargaitﬁ%igl ‘E%r(]ek %g\%v thleal'%%i{jailo%{l teﬁs)gtr%ge i%n&rle(:)ssurized 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 raw material transfer pipe 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 wvalve 112a provided at
above-mentioned other end side of the raw material transfer pipe 108,
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 includes 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



provided in the middle of the raw material transfer pipe 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

118aponatidd sdctive §h2 iffiudenseavatiblacprividedd® which includes two
above-mentioned other end side of the raw material tr

nsfer pipe 108, )
vakyesa Lhparizkrh.2p Bnhetdht Hoo Ak O oH i briRalg lisposed
[ ] Further, each of vaporization control
um%Eé &}E%\/%%Eg’ﬁdf@%hgg%ﬁs supplylng tank 114 for carrier gas or
dilutiqmgeghereafter referred to as "carrier gas supplying tank 114), the

piping 116 for supplying the carrier gas or dilution gas in the carrier gas
supp hamel‘ram@méatmm@ﬁ@mruﬁ@ﬂémbg TOBeR seavessHazed gas is

id flo rate ontrol section 10 and va rlzatl secti 0 n
sulp o S B T S S B ROl S B iy material

Ow rate control sectl

taﬁl@l’ﬂ‘ﬂ%ﬁ‘%ﬂi@%@!@dﬁ%@é £h@as b pPyand ﬁbﬁ)@aﬂﬂ@“&fﬁ@rnal pressure of
controller 118c being disposed between the valves 118a, 118b. [00691

thevitrative mpmmlort@u rol @Rt ingTeAsRS, a thesareliel gagrnosiloxane raw

R R TS ot M R e PR RS hnstervea
tothgray %%@F@ﬁ%&ﬁ%mg@@ﬁ% thexcyelic ereanasionsReiawl transfer pipe

material 101 in liquid state in the raw material tank 102 is transferred _
108ywvamd mmmhaonmnmi1mmte¢mhh2\t§rbﬂ@amgm carrier gas

o el O Ao LAl g T 08 101
in'iﬁﬂﬁﬂaﬁé%@cf@gcﬁgd’%%'%iﬁﬂﬁ%ﬁtt?@ﬂ%%&ﬁﬁpqﬂ?ﬁqg%@omzed due to
pressure reduction at introduction section of the vaporization section 112
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 108 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.



pressure reduction at introduction section of the vaporization section 112
and heating by a heater (not shown). [6001 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 1087424 the pressurized gas supplying pipe 104, the raw material

transfer pipe 108 inserted one end thereof in the raw material tank 102, .
the liGURE B\ r 3t BN &t S 22 b bri il IHAHE P ek he thsaporizeTs

B T T I e L

trDydher vielinsiZaR il eantol it ivd nl tiZearea kentl b érgah extiqust flow rate
pipe 120 which is connected to the vaporization section 112. The gases

coptanksgatinn hbdrand hensapmptenialcamnened. ranssoppipe 108 1s

From a,viewpoint of smogth vapoxizati y h izers 1 :
oo B R oS LTI 0 R SLYERRGEETS el heeption. of
ligRiegakd8gowhsteant emathrovalve ikl ge dtdhalbibuighioridate adesteotound each
section 110, and the raw material compound transfeér{&ig;lOS is
[

of grascexdipnetpip SRy 1 fo? teangutbesadrpiel drapfuamdim.
of ea&@g;il aa heater is preferably provided also around each of gas
exhaust piggs 120, 152, and the mixer 140 for heating them. [00731 With

the usgrafp fike fﬁ@@iﬁﬁ%\ﬂﬂ%n%ﬁiﬂﬁf aR6aUBPlYIBDL886HOR gas supplying
including above-mentioned composition, desired porous insulating film

sechivbe obtaitied iexgsily abever vase tidvssiboilrepppasisfon, desired  porous

insulating film can be obtained easily even a case where boiling point of

a raw material intended to be used as the raw material gas is low, and

artificial heating is not provided.

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

As an example of the present invention, a case, 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



a raw material intended to be used as the raw material gas is low, and
artificial heating is not provided. [0074 (Examples 1, 2 and Comparative
example 1) As an example of the present invention, a case, where a raw
material including chemical structure as represented by Formula (4) is
used as the cyclic organosiloxane raw material, and isopropyl alcohol

in §RA) iscuseglas the: dempoeratiave metersd,tvitl bé feScribed in greater
detail. A plasma CVD device of parallel flat plate type as shown in the first
exem&QQr mbodiment was used as the film forming device, and a

systen g mixed re\vgya@él@ic%s PSR e AecandrexeliRlaised, substrate

embodiment was used as a raw material system. [00/51 Cyclic

te IpanasiipaRe B soaEialihemicdl feveeia pcandd RAvzas vixeddnl0 mm,
advance with arbitrary ratio, and are supplied from the raw materjal

angl BEBIHETRANAT Y Mo reBI PR Rtblrlad de Mibleawas wardeyed. Table 1
Heating temperaturg at the. [ [

S SR AR ST B0 SR TR A ATHRE A Blimotes 1, 2,

Comprieasing tbernap Rolynehigatianrof naw msterakibndid4ointiid on the silicon
example, the temperature was set to 115C. [0076] A plasma CVD device
sufestzedenm Rpesifiesinday; tdupseaeatipabithewdimspasdsigassred by a

between electrode setto. 10 , high-frequency electriepeawer
A By b s B PRI R R
resultgpptgiped from Examples 1, 2, Comparative example 1 where an

insulating film is formed on the silicon substrate. Sgg—:- ific inductive

capadityisfehafirmedsthessurdinsyapieelciny wisisd 2R ayspratitier, specific
ing R A ARE e Lol s e b EOMATdd"eS CEAEARENVE example
1 in which IPA was not mixed, and in Example 2 in which IPA ratio was
high, specific inductive capacity became further smaller. It 1s
considered that this finding is attributable to that detachment of
isopropyl group being bound as the side chain of the cyclic
organosiloxane raw material represented by Chemical Formula (4) was
suppressed by mixing of IPA, thereby contributing to lower specific

inductive capacity.

[0078]
[Table 1]
S}?x;éaiwe Example 1 | Example 2

Chemical Formula (4) 65 65 65
IPA 0 b 35
Mixing ratio (%) 0 7 35
He (sccm) 300 300 300
RF (W) 100 100 100
Pressure (Torr) 2.7 2.7 2.7
Specific inductive capacity | 2.45 2.42 2.35
C/S1 ratio 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



inductive capacity became smaller as compared to Comparative example
1 in which IPA was not mixed, and in mple 2 in which IPA ratio was
high, specific inductive capacity becamé further smaller. It is considered
that this finding is attributable to that detachment of isopropyl group being
bound as the side chain of the cyclic organosiloxane raw material

m dEPFesERiad il iakesteah kermulaudr was wippsessed bbyikhg ofif2A, Formula

thereby contributing to lower specific inductive capacity. [0078] [Table i
(Dcdmparatide Beanidie 1 %Mplézgémrﬁ BXAORenfie 3 meerl(a} end one

65 65 053 |X|n % O sccm) 300 3 30
rewf&ﬁf@olﬁo 5 L} 5(25'5; épemf) (gﬁn Tctive capacptOund raw
m &4Pid 12w Bobe/ %\e@éﬁ%@'m@ 2¥chPe?- 230100V 9] (E@nBlaa 3CAD device of

Comparatlve example 2) As an example of the present invention, a case,

pawtﬂé:ﬁ rﬂwtzglartatémaﬂmﬂuslhfg%nemd&l%tfumwréxeméﬂ@m@m}oodlment was

UG e U EHETICES R o) 16 DL QB Fohiib i terial as
shfﬂWnmﬁier{?}{ew'élel%%ﬂﬂs%%mgﬁat@rﬂﬁ@diﬁ@fﬁsrﬂ@a%v'aéiﬁi”cﬁso‘cthe raw

parallel flat plate type as shown'in the first exemplary embodiment was
m aised ak sl fllpfognipgtéevice, and a system for mixed raw material as
showElOiaélbﬁ second exemplary embodiment was used, as the raw

Cyclic organosiloxane raw material (Chemical Formula (4)) and
compound raw material (Chemical Formula (5)) are mixed in advance
with arbitrary ratio, and are supplied from the raw material supplying
system 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 in this example, the temperature is
set to 115°C. Since the compound raw material (Chemical Formula (5))
contains smaller number of vinyl groups as compared to cyclic
organosiloxane raw material (Chemical Formula (4)), polymerization is
hardly promoted at higher temperature, and a large quantity of
compound raw 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 electric power at 13.56 MHz was employed. Table 2
shows experimental conditions and results obtained from Examples 3, 4,
Comparative example 2 where an insulating film is formed on the silicon
substrate.

[0082]

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



material supplying system. [00801 Cyclic organosiloxane raw material

(Chemical Formula (4)) and compound, raw material (Chemical Formula

(5)) are mixed in advance with arbitrary ratio, and are supplied from the

raw material supplying system as the mixed raw material. Heating

temperature at the vaporizer can be set in a range from 80 to 120C for
maemuIposeof imdwyengricefivaneriatcivefficiepayvhildbecamessingaller as

thermal polymerization of raw material, and in this example, the .
comparediie S SBPRIRLEEE @uﬁaélméece‘%np@uwéliiﬁh CRRBRANEhrAFa material

Formula ntaln smaller num V|nyI OURS as compar

a5 O o AELIoNE 0 AR bl Ea e ggye BF Colfpound raw
mPRYNErZALIRHS dieireraiaeiet ak MaperdrRpNiaie: andiddargenaller.

quantity of compound raw materials can be supplied easily to the reaction

chamBHBB{BdOSll A plasma CVD device for 200 mm wafer was used,

substﬁ; ; %erature was 350C, distance between substances was set
to 14 M &t high- frequency electric power at 13.56 MHz was

employed. Table 2 shows exp@nﬁqbamldmon nd results, optained
ua exeplo 2 whdr LR Raring AR IBPle 4

C}Ilurmeu YIFI rmu;lfo 4§ur?ftrat. JOg2Z that In E) %‘Bple 3

||| VVIIIbI PoOULIY v ZO T t I'Talr Was auucu 181 ;Ilb IIIUUL,LI
1:?&}%]3']@1! éigj_ag_ggparnd to-Comba 51:3 avnmnln ’351
e
M!mii@ﬁ Eaﬁi@o(uﬁ)j raw material Ms not added _ant3S: |8xamn|p A BRuhich

Healszofompound raw materidl 80Bigh, specific ind3@fve capacin300

Rlbdagine further smaller. [0083] [[[adle 21 100 100
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 invention, wiring structure for a case,
where porous insulating film formed according to the present 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.



Comparative Example 3 Example 4 example 2 Chemical Formula (4) 65
65 65 Chemical Formula (5) 0 15 35 Mixing ratio (%) 0 18.8 35 He
(seem) 300 300 300 RF (W) 11100 100 100 Pressure (Torr) 2.7 2.7 2.7
S ecific inductive ca acit 2.45 2.41 2.38 [0084] (Example 5) In Example 5
of the present invention, wiring structure for a case, where porous
insulgting film formed according to the present invention is used for
multilayer wiring on a semiconductor substrate on which are, for

semidbpbRictdreelanEid LG baré&ﬁhﬁ%baln%bﬂeh@&laé%ﬁéﬁig%%g\? , SiC film,
N FIG. 4 ( tallic wig jal, 21 insylati i
or e G i RS Sttty Gt et il R by che

plydhich e Ipsmeghssniconductor elements, and a via interlayer insulating
film 212, an wiring interlayer insulating film 213 are formed thereon.
[008@9&83, although the metallic wiring material 210a is composed

e e SR BTN rrably an
inSRAHIA WHNG TRSHAT S0 3E4E SETeM, BRSRIBAN Car iy, Iy drogen or the

formed on top face or side face of Cu. 27 [00871 Here, the insulating
likegrrighfilmthidkinelsslessSinp sroxi Bt i, ome BROGINtanidMEsds specific
inHt(i[:ntlzv%o E:%S%%f%jra{]sd 'gg)rgnrecieb s?hePorous insulating film including at
least silicon, oxygen, carbon, hydrogen formed according to the present
invention may be used. For example, SiO2, SiC, SiCN, HSQ (Hydrogen
Silsesquioxane) film (e.g., Type 12 (registered trademark), MSQ (Methyl
Silsesquioxane) film (e.g., JSR-LKD (registered trademark), ALCAP
(registered trademark), NCS (registered trademark), IPS (registered
trademark), HOSP (registered trademark), organic polymer film (SiLK
(vegistered trademark), Flare (registered trademark), or SiOCH, SiOC
{e.g., Black Diamond (registered trademark), CORAL (registered
trademark), AuroralULK (registered trademark), Orion (registered
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.



plasma CVD method. [00881 Here, the via interlayer insulating film 212 is
preferably an insulating film including agleast silicon, oxygen, carbon,
hydrogen or the like, film thickness is approximately from 1000 to 3000 A,
specific inductive capacity is 3.0 or less. Porous insulating film including
at least silicon, oxygen, carbon, hydrogen formed according to the
presd@0%Mention may be used. For example, SiO2, SiC, SiCN, HSQ

(Hydrogen Silsesquioxane) film (e.q., Type 12 (registered trademark),
MSQAMEN @i@é@&&io%@u@}‘ﬁéﬂ %@?@.,W—W@W@H@%?B@trgl’(f@?r%arl%} 3, 212
(regist trade , egi tr =) :
en@égﬁ%&@é&&%ﬁar@ I-&{f%%@](}'}e%gtlg}e%gtgdaéqmark , o%?nr%pgglyr%efmxmre of
tetfilatiSik (radistereCFradamariar dard Aepistef@dvracdemark}iordi@CH,1000 is

SiOC (e.g., Black Diamond (registered trademark), CORAL (registered
useddemihe, Aleliar) BRYreaRbRE HRBHAR) bertrrFialsidgwith the use of

trademark) ar the like), or. insylati inyfilm ¢, inj '
Ay EEOR ot RIS el o1 S RaFn JTRUES of source
powhigh somposiionsand-gengity hianypf Ho IDEHBNgEsk ik fil o théaknBEOW, bias
direction, are mentioned as typical examples. [00891 Here, the wirin
frameengsr indbHm chanzbeisnisRiiartn dath RN ithaiitgthalidial, substrate

silicon, ox carbon, hydrogen formed according to the present
tempgﬁﬁgﬂﬁyé%?]tmkness is preferably approximately from 500 to 2000 A.

[0090 Fyhsequently, as shown in FIG. 4 (b), a dual damascene groove

214 is formed by patterning using photoresist and dry etching. 28 [00911

A dryStdiseg westithy fohedroueistiasmydimed pftersetching 1s removed by

O3 ashing. On this occasion, since porous insulating film is susceptible
to oxygen plasma, when direct exposure to Oz ashing is not preferable,
alternative method which does not expose porous insulating film to O2
ashing (hard masking processing), or use of No/Hs ashing, He/H: 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 (¢), a metallic wiring material
210b and a barrier metal 215 are buried in the dual damascene groove
214, surplus 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) method, 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



employed here will be explained in detail. For example, a mixture of
tetrafluoro carbon (CF4) and argon (Ar&'ép flow rate ratio of 40 : 1000 is
used as the etching gas, and etching can be carried out with the use of
dry etching device of parallel flat plate type under conditions of source
power 1000 W, source frequency 60 MHz, bias power 300W, bias

lay@aqusiey 24vE2 eharbrmpigksure 50 m Torr (about 6.7 Pa), substrate
temperature 20C. [00921 Subsequently, photo resist remained after
etchiri@@@fﬂmoved by 02 ashing. On this occasion, since porous

insulgting film js susceptible to oxygen plasma irect exposure to

02 aﬁﬁ%ﬁsﬁ&eprﬁg@%f’ aWéHé%/ergn%%5@£moe%a%t%9p£§£med by a
spRefavsiBSHRiIMISiAZ &hiathatd maskiD preeeRsing)oer e flectrolytic

N2/H2 ashing, He/H2 ashing is preferable. In some cases, a substrate

platayderedited tnawbmpetauifalap frostneslehyiidreasometisols fis used as the
improyement of ashing rate. [00931 Suybsequently, as shown in FG. 4 .
e i o e ST SO S e main
cotp SHehdamaReRIs19r8eVa 2 18asyrRIte Widlgeae ramaYed GNP including
method, thereby forming dual damascene wiring. [0094) Here, the barrier
alunatial ditm, 216 ctirt doei form dd: nsiatea ssittetin gz irathod pa, Cvdirmethoganganese,

ALCVD (Atomic Layer Chemical Vapor Deposition) method, or the
ATy PRSI HERdR g pSISBTAE SR SR SRRl metals other

AN L OO, b s e o
inssetod the fathinatedritmbeft Red® aN(a wppen?9 dayerifowdalays) imarrier film. is
2180 eHtactive.

[0096]

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 insulating barrier film 211a, and in this
example, SICN with specific inductive capacity of 4.9 being formed by the
plasma CVD method is used.

{0098]

In this example, Aurora-ULK (registered trademark) film formed
by the plasma CVD method is used for a via interlayer insulating film
212b. 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



[00951 Here, the metallic wiring material 210b can be formed by a
sputtering method using Cu-target, a Cy(g) method, or an electrolytic
plating method in which Cu-film formed by these methods is used as the
electrode. In addition, as for metallic element other than the main
component, addition of at least one selected from a group including

inedmtioam, thhétanwintengster, Rilveldaditegniiba iBdidn amdngarnesg interlayer
and magnesium is effective. Moreover, use of compound of metals other

ingnls EugdehagdRgarn () copmpsebWions the sHimet Ipdeidpl as long as
inserti f th W -wiring and insulating barrier film is also
Suﬁe&%\%.%%’@%ﬁmg?gsﬁ%%%%gleémmple of the structure of dual
damapgepe | wiring being formed as mentioned. [00971 As shown in FIG.

5 (a), the lower layer metallic wiring material includes a Ta/TaN barrier
metal BhsaRpC Ay airmg i ngamrabt e loaalidesial ik aovinedtby thawer layer

PVD method..and film_thi s thereof is .1 /5,nm. The CUAL wiring.
WISy oA Tl Be P A Do on o ) Wiling 2100,
thheRiInTADP Bagabinedavran layer forefallic iyinghe cavwibd Medhod, and film
insulating barrier film 211a, and in this example, SICN with specific

thieduetive tapbzityrof 4.9 meingibenEai theiprgndd Gy isntetmarpred primarily
ed. [00981. In,this,exampl rora-ULK (registered trademark) film
Of@r}h&b%ﬁﬁgﬁ%l@ g%ﬁ*ﬁ%’oa llfs}‘ﬁggo&b%g Y interlayer insulating
film 2Pk dpr the wiring interlayer insulating film 213, porous insulating

film with specific inductive capacity of 2.37 is used, while the method for _
formiriBogsda e shbvihin thepsenniey emivodgnent Goofethedpresearsonsulating

barrier film 211b, and in this example, SiCN film with specific inductive
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, SiIOCH film or the like with specific inductive capacity of
approximately 3.0 may be used. Structures other than this are 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



invention. The via interlayer insulating film 212b and wiring interlayer
insulating film 213 may be composed from the same material as long as
sufficient workability is obtainable. [00991 The upper layer wiring material
includes, likewise the lower layer wiring material, a Ta/TaN barrier metal
215b and a CuAl wiring 210b, the Ta/TaN barrier metal is formed by the

wifl¥iR pethotanddimbthickdes=is. 15He's nmt ThaGudhwiridfg2fls isncluding
~composed primarily of Cu and includes Al 1,2 atm% or less therein.

Sigh ey Pep veedofane hgptslydsnithopiddery K amMdGamy)? film, SiN
.1 .bargepfi X in thi iGN : e . )
S B ST D g preanie

mdiiferd (bhekevs affirctiuyiel whene ajheith el fith 2kgaisidnserekis, or film
_the structure shown in FIG. 5 (a) at Cu-CMP for the purpose of protection
inalusline @ orrRrlEAHE A G AERTRiring layers. As for the hard

masligﬁﬂgbg‘? oxide film, silicon carbonized film, silicon-carbon-nitrogen
film, ke are mentioned, and the hard mask includes preferably

highevispacifigindlctivecaraaity than Sig witing redayes igelasing film capacity
213 and excellent mechanical strength. Therefore, SIOCH film or the like
betuthepettficingactea chpasityaimagprodihatdly @ofeay wavsiyl out a TDDB
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witieliaottom s 3L c4hfh Redngesedda e sirie B ahomn N dfiG25°C and
5 (b). Insertion of the etching stop film is attempted to improve workability

apoflivititiy gradvel dothidifietlizd Hiamabeéoms s e bfeiash6R, hours or more
angl Silon ey R A, depending of lprigly o be processed. I o

{0104]

If such forming steps of dual damascene wiring are repeated,
forming of multilayer wiring as shown in FIG. 6 is made possible.

[0105]

The present exemplary embodiment is explained in detail 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 every 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]

Although 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



31 wiring grooves may be reduced. Here, at least one of films including
SiO may be used for the etching stop fg? for example, SiO2 film, SIN
film, SiC film, SICN film, SiOC film, SiOCH film, film containing organic
matters thereto, film including primarily of organic matters, or film
including primarily of organic matters. [01031 With wiring structure as
thehawsgdieye, reduction in capacity between wirings can be attained. The
inven{ors carried out a TDDB test between wirings using a comb type
TEG iRdi0& g interval between wirings of 70 nm and confirmed that,

undega fempgialysiof 1256 4 pplcation of glectie e ol 3 MYiGing  of

service life is rs’or more and su |cien1f1 B resistance’Is

sefig¥eiRed L0 clhskel fOMiQssieRe @i tdugh demastendiwidngfaiavention of
repeated, forming of multilayer wiring as shown in FIG. 6 is made

theobsibkefovasl ahdpeeiameadsnmlabyeibodmieneleipratens have been
detail foy the dual damascene sjructure as described.above, while. it i

exQIRIBRLI (S i 1SHibb A0SO 65 O 0 A AL A b} thereto

anGuithendheRysERAl v ailion Max Reaneicp IABVE DA HAG R IAHA O Access

multilz;ser wiring composed of wiring structure, in which porous insulating

MéitmoigsusedSR AM td BtatiyeRandaing filecans evirnernlifadlashy memory,
e R RO S I, osnene
RARIESRCEAP SR\ EralRieisrad exempiany AmedimerigtehauielRging memory
understood that these exemplary embodiments and examples are merely
circuit such as resistance variation type memory, semiconductor product
including logic ecircuit 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 thereof,
electronic circuit device, optical circuit device, quantum circuit device,
micromachine, or the like.

[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



intended for explanation of the invention and do not constitute a limit of 32
the invention. [01081 For example, teghnologies used for manufacturing
of semiconductors 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 limited thereto and
sedswribe 2pplichily tonfboeianepie, dfRAM(Pysantid Resdtiomccess

Memary), SRAM (Static Random.Access Memory), flash memory, . ,
FRATIES ol T RARMIE AL Wm&ma\»édﬂ@%erlal supplying

systaason B%eﬁ%e%‘}f%é}iﬁg”ﬁ%%gé‘%‘? eg;&%giqﬂgqmm M in a third

circuit such as resistance vaHation type memory, semiconductor product

ex#18lpthing legid ciduicsuch Bshmiganeatseveartionsolidated
semiconductor product on which are mounted the articles simultaneously.

FurthEl,Qae‘bré?xeﬁt idW@ﬁﬁHﬁSca?h@évéﬁﬁliéﬁﬂﬁé?ﬁﬁﬁﬁ%& r esgconductor
delfiFedno Buried AeiRIgx Wiing SUuEye D ALIEAsh 2 RALINSILARTG. 4 () is a

ice, optical evice, quantuim circuit device,

croRiSEERaRIIRG, Prdhe Hikee (DEORN Bfsmpperenlshas, laftaineddidg €. 4 (b) is a
specification, many alterations and replacements can be made with ease

crepsnspelLIvEdNT e pbesnRAthETRERE AR g by fichd REimseinentosmmed, FIG.

tis.also apparent that these alterations and replaceme n r :
e AT e R A L e g mpletion
wiRgseHRteRialthe farawingsl (O 40rblvelfisransaligmals. diagram

showing a film forming device of porous insulating film in a first exemplary

emboditentoisha plaseringvehgoning cross-section of the semiconductor
structure in the example of the present invention, wherein FIG. 5 (a) is a
cross-sectional view of one example of structure of dual damascene
wiring, FIG. 5 (b) is a cross-sectional view when a hard mask film is
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

[o111]
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 state

112  Vaporization section



FIG. 2 is schematic diagram showing a mixed raw material supplying
system of the film forming device of posgus insulating film in a 33 second
exemplary embodiment of the present invention. FIG. 3 is a schematic
diagram showing a raw material supplying system of the film forming
device of porous insulating film in a third exemplary embodiment of the
11Rteseviajrogrten. FIG. 4 is a drawing showing cross-section of a
semiconductor device in an example of the present invention, wherein
11316, p1Hyana0%t88s8B8tional view when each of materials is laminated,

20 IG. M@)gmross-sectional view when patterning and dry etching are
erfo , . 4 (c) is a cross-sectional view of a semiconductor device

204Ppon Sempietiohumhandnaterialscare buried in a groove formed in W. FIG.
5 is a drawing showing cross-section of the semiconductor structure in

20fhe, 3Q%ple Sitheopresastariidmtion, wherein FIG. 5 (a) is a
0ss-sgetiong) view: of one example of.structure of dual damascene

2 ﬁ‘i’n%,fgfb. %ﬁ@ﬂl&gggﬁﬂbpﬁife\;ﬁe&\g when a hard mask film is

2 1pseried intheystructurg Qb (B}i ABbRKeiér(€ilima cross-sectional view

when an etching stop film is inserted in the structure of (b). FIG. 6 is a
2 1&aR1a sitdlihg 2idks-sectioWief tndesdaisondnstola tisvgcblmthe

ample of thgﬁreientinv.enti . Description of Symbols [01111 1
2163 rmel HR SnHMBLIREE PR AP &) 2 Reaction chamber 3 Gas

21%Jpp|ﬂ%§%iﬁfh§%ﬁ@%{l§0@¥D device 100 Mixed raw material of
cyclic organosiloxane raw material in liquid state and compound raw

2 Ihat2tizh 1 @1 Byclic oJanvsdoxaedadiinaterial in liquid state

216, 216a Hard mask film

217a, 2170  Etching stop film

218a, 218b, 218¢c, 2184, 218e, 218f, 218g SiCN film

219a, 219b, 219¢, 2194, 21%e Porous insulating film

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

223 Tungsten

224  Silicon acid nitride film

225a, 225b  Ti/TiN

226 AlCu

VU, VU1, VU2 Vaporization control unit



102 Raw material tank 103 Compound raw material in liquid state 112
Vaporization section 34 112b Vaporizefz113 Silicon oxide film 200
MOSFET 201 Semiconductor substrate 202a, 202b Silicon oxide film
210a, 210b Metallic wiring material 211, 211a, 211b Insulating barrier film
212, 212a, 212b, 212c Via interlayer insulating film 213 wiring interlayer
insulating film 214 Dual damascen&drdddd 315, 215a, 215b Barrier metal
film 216, 216a Hard mask film 217a, 217b Etching stop film 218a, 218D,
218c, 218d, 218e, 218f, 218g SICN film 219a, 219b, 219c, 219d, 219e

Porous jnsulgating fi ﬁﬁﬁg 0 , 61220 LYY erein i
211b, 2 '1c,fg2l%%,%1d§,%§gl T%ﬂ\é Zﬁz%%'%%\l%z l?19)(3Tungs,teér:1lf224 Silico{"ralreln ma
maddaitdde fifor@2hg, 225b HAUMG226AIGIMUDYUblREiR ¥ apanizatiode position
control unit 35 CLAIMS 1. A method for forming porous insulating film,
meihedibi gupplying 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)



method for forming an insulating film by plasma vapor deposition method

by supplying at least cyclic organosiloxgge 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
shiox forpeihgsthey heteds jnRlagingl ik aacerding tmElaimrhovberéimethyl group,

mixing ratio of the mixed gas in vaporizing state of the cyclic
et Y HHABX IO P BT RalSAR AR Bb AR YA EHHEPisAMiHig Toup-

from 200% bwvolume forthe latter with regard to 100% by volume
for thiqglr?n%%.c ?;*F‘r?gﬁeiaooéztor forming the porous insulating film
according to Claim 1 or 2, wherein the mixed gas is formed by vaporizing
a mixedH matelleof the cyclic organosiloxane raw material and the
compound saw ma#erial. 4. The method for forming the porous insulating
film according, tg"any one of Claims 1 to 3, wherein the compound raw
material is jlre” comgpound raw material including a part of side chain of the
cyclic organosiloxale raw material. 5. The method for forming the porous
insulating}film according to any one of Claims 1 to 4, wherein the cyclic

xane ravls materi®includes a structure represented by

Chemigdl FO (1)R6 shown below wherein, R1 and R2 are any one
or rRbye of methyl groupRgthyl group, propyl group, isopropyl group, vinyl

group, allyl group. [Chemical Formp@ﬁéﬁ%ﬁlﬁﬁﬁggﬁy- R1

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

CHe
HaC /._“cna
D/S "'\
HgC ‘ T CH,
\-—'SK SI-"—/
o
H.G CH 4
C

(Chemical formula (2))



R1 0 R2 (Chemical formula (1)) 6. The method for forming the porous
insulating film according to any one of {Jaims 1 to 5, wherein the cyclic
organosiloxane 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 21 CH3 H3C~ CH3 SiH3L S13P H3CO0 >-
CH3 [Ci3 3¢a (Ghemiedld@imula (2)) 37 [Chemical Formula 31 CH3
H3C CH3 SIN, 0 H3C_81 1 Sii-CH3 H3C -< O /- CH3 CH3 a3C
(Chemical formula (3)) [Chemical Formula 41 CH3 H3C--{/ ~CH2 Si

H2CO0O0C
Hy© G
/
\

— 8 i-—-
HaC >__ Ha

(Chemical formula (3))

Ha

[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.



N\~- S! % i H3C j CH3 CH3 HfC (Chemical formula (4)) 7. The method for
forming the porous insulating film accogcﬁng 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
reprelsented by Formula (5) 3ﬂown below. 38 [Chemical Formula 5] H3C
H3C iChe m‘lF@ cal formula (5)) 9. The method for forming
the porous insulating fllm according to any one of Claims 1 to 8, wherein
the compound raw material includes at least any one of methanol,
ethano!}gropanol or isopropanol. 10. A semiconductor device including an
insulating filMvpeing formed by plasma vapor deposition method by

@lying at Ie%st a cycligs q%zjlnosnoxane raw material to a reaction
champer, whic tmcon ctor device includes porous insulating film
being Trmed Byia-mided gas of the cyclic organosiloxane raw material,

and the compopnd raw material containing a part of chemical structure
comprising thelgyclic organosiloxane raw material. 11. A semiconductor

devikk jiGlading a mshhléting film being formed by plasma vapor
deposition method by supplying at {€dsé méyalicformula (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 isopropanol.

10. A semiconductor device including an insulating film being
formed 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 compound 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
organosiloxane 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



organosiloxane raw material to a reaction chamber, which semiconductor
device includes porous insulating film bging 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 39 formed by
foptestha yaphisdaposiipnméthed hysupplytipat lepshepplsling at least a cyclic
organosiloxane raw material to a reaction chamber, which semiconductor
orgaviesileciades ivo R atetiadde fﬁnﬁ%bo%ﬁh@dnkf?ﬁg a mixed gas of
the YOS ATOROGNONAAG (R MRLGHIAL 809, SAIPRHPG R HAICHEh A Im being
is a reacﬁon precursor of the cycfflc organosiloxane raw material.
formed using a mixed gas of the cyclic organosiloxane raw material, and
compound raw material that is a reaction precursor of the cyclic

organosiloxane raw material.



