1 DESCRI PTI ON MATERI AL COVPCSED OF ORGANCSI LANE OR ORGANCSI LOXANE COVPOUND
FOR | NSULATI NG FILM I TS PRODUCTI ON METHOD AND 5 SEM CONDUCTOR DEVI CE

" TECHNI CAL FI ELD The present invention relates to a low dielectric constant
interlayer insulating filmmterial used in 10 nultilayer interconnect
technology in logic ULSI. Particularly, it relates to a material for
insulating filmconposed of either organosilicon conpound of an

or ganosi | ane conpound and an organosil oxane conmpound for plasna

pol ynmeri zation, and its use. 15 BACKGROUND ART In the production technol ogy
inthe field of integrated circuit DPESGRIETIEMN roni cs industry, demand for
hi gh i ntegration and hi gh speed has been increasing. 20 Wth respect to
silicon ULSI, particularly logic ULSI, performance of the wiring which
connects MOSFET, rather than the performance of MOSFET itself by its

m ni aturi zati on NASEREAh PPMBDEHRt P . ORGP YILANE IRIORGAND SOIQ2ANE1e probl em
of wiring delay due to nultilayer 25 interconnect, reduction of wring

resi stance andCOMBOUNPi BARoINSBLATING BHELNe eHI' v PROIFECTRHIN DEETHEEN ANy er s

have been required. 2
5 SEMICONDUCTOR DEVICE

TECHNICAL FIELD
The present invention relates to a low dielectric
constant interlayer insulating film material used in

10 multilayer interconnect technology in logic ULSI.
Particularly, it relates to a material for insulating
film composed of either organosilicon compound of an
organosilane compound and an organosiloxane compound for
plasma polymerization, and its use.

15
BACKGROUND ART

In the production technology in the field of
integrated circuit in an electronics industry, demand for
high integration and high speed has been increasing.

20 With respect to silicon ULSI, particularly logic ULSI,
performance of the wiring which connects MOSFET, rather
than the performance of MOSFET itself by its
miniaturization has been problematic. Namely, in order
to solve the problem of wiring delay due to multilayer

25 interconnect, reduction of wiring resistance and
reduction of capacity between wirings and between layers

have been required.



Accordingly, at present, introduction of copper wiring having a | ower

el ectric resistance and having a mgration resistance, instead of alum num
wiring used for the nost part of the integrated circuit, is essential, 5
and a process conprising seed formation by sputtering or chem cal vapor
deposition (hereinafter referred to sinply as CVvD) nethod, followed by
copper plating, has been used practically, As the Iom/dlelectrlc const ant
interlayer insulating 10 filmnaterial, &%rlous ones have been proposed.

Heretofore, as theddiaf ¥, SYSUSRsS | con eyt deon (S @yppst! i con
oSl Cca n%)

nitride and phosp e glass and as the organic syste pol yi m des
have been enpliqyef Haﬂmfge%pmovy@@réleawﬁ %M%@famt@a@irgté more 15

honogeneous interlayer i1nsulating fil It has been proposed t a

t etraet hoxysiy %mr{%sfs%arﬁr@l'1rHer?éddyoﬂ1yﬂ\HﬁJ}fﬁﬁ@1wirﬁ1 Fubyeesed to
polycondensatlon to obtain Si 02, ‘whi I's used as a coating naterla call ed

'spin on gl astf},bt ol btco%O@)he 1?r9:éb‘i%ﬂéd *&Sr&ﬁe@ pf@@é@&népayse a

pol ysi | oxane o y pol ycondensati on of an organoal Koxysi | ane nmononer

as organic SOF FWiN&lss aorprEi ey ffed WP 1418 hpseh i OB fd |  there

are two nethods including a coating nethod 25 conprisi'ng coating an

i nsul ating fidHBmII TRt WUk {¥i0r8: therSPinh QA | AGFd O ERTEY QithpTy ! M
formati on and a CVD nethod conprising plasnma pol ynerization nalnly |n a

as CVD) method, followed by copper plating, has been used
practically.
As the low dielectric constant interlayer insulating
10 film material, various ones have been proposed.
Heretofore, as the inorganic system, silicon dioxide
(8i0;), silicon nitride and phosphosilicate glass, and as
the organic system, polyimides have been employed. 1In
recent years, with a purpose of obtaining a more
15 homogeneous interlayer insulating film, it has been
proposed that a tetraethoxysilane monomer is
preliminarily hydrolyzed, i.e., subjected to
polycondensation to obtain SiO;, which is used as a
coating material called “spin on glass” (inorganic SOG),
20 and it has been proposed to use a polysiloxane obtained
by polycondensation of an organoalkoxysilane monomer as
organic SOG.
Further, as a method of forming the insulating film,
there are two methods including a coating method
25 comprising coating an insulating film polymer solution by
e.g. spin coating to carry out film formation and a CVD

method comprising plasma polymerization mainly in a



3 plasma CVD equipnent to carry out filmformation. As the plasma CVD

nmet hod, for exanple, JP-A-2002- 110670 proposes a nethod of form ng an
oxidized trinmethylsilane thin filmfromtrinmethylsilane and oxygen 5 by the
pl asma CVD net hod. Further, JP-A-11-288931 proposes a nmethod of form ng an
oxi di zed al kylsilane thin filmfroman al koxysilane having a straight chain
al kyl group such as nethyl, ethyl or n-propyl, an al kynyl group such as

vi nyl phenyl and an aryl group, by the plasnma CVD 1o nmethod. An insulating

filmforned ; j or abl e adhesi on
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properties t er wiring material which is a

wiring material, £ #4{@; r#%ﬁﬁéfdvn%ééﬁé&? tf?yﬁfee:&%ﬁ%ié' Mo TRY 2 862 -

probl ematic, or t position rate or I el ectric constant may

be insuffici eirﬁc?i@s%ﬁi%{esa nédhdd & ot ih@dantﬁiéﬂé@for med by the

coating metho e uniformty, however, three steps of coating,

sol vent removal; ang,\healy deatints a1 fﬁ&twﬁleﬂneu%wﬁggﬁg%aﬁgo%ga&ﬁ' ly

di sadvant ageous as conpared wth 20 a filmfornmed t

Further, adngsi ane RSARSK | @ ik @h QR T irelrviRhal RN, A jcompey3 W ri ng

material which is awring material, and unitformcoating i1tself of the
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in many cases. 25 Further, with respect 1o the materials coat 1 ng

net hod, a nmethod, of r SRKIN G 1B Al SndnPPIRYSa straight chain alkyl

group such as methyl, ethyl or n-propyl, an alkynyl group
such as vinyl phenyl and an aryl group, by the plasma CVD

10 method. An insulating film formed by such conventional
plasma CVD material has favorable adhesion properties to
a barrier metal and a copper wiring material which is a
wiring material, on the contrary, uniformity of the film
may be problematic, or the film deposition rate or the

15 dielectric constant may be insufficient in some cases.

On the other hand, the film formed by the coating
method has favorable uniformity, however, three steps of
coating, solvent removal and heat treatment are required,
such being economically disadvantageous as compared with

20 a film formed by the CVD method. Further, adhesion
properties to a barrier metal and a copper wiring
material which is a wiring material, and uniform coating
itself of the coating ligquid to a miniaturized substrate
structure tend to be problematic in many cases.

25 Further, with respect to the materials in the
coating method, a method of making materials be porous

has been proposed so as to achieve an ultra low-k



has been proposed so as to achieve an ultra lowk 4 material having a
~dielectric constant of at nost 2.5, nore preferably at nost 2.0. A nethod
of dispersing organic conponent fine particles which are easily pyrolyzed
into an organic or inorganic material matrix, 5 followed by heat treatnent
to make the material be porous, and a nethod of depositing Si02 ultrafine
particles forned by evaporation of silicon,and oxygen in a gas, to forma
thin filmof Si02 ultrafine particles, my, for exanple, be nentioned. 10

However, al t hough ieserRidodsand1 Bk g ddigsc M &5 ale g porpus, are

effective to achieve a low dielectric constant, nechanical strength tends

to decrease ppherahyroham sale Rsan a8l pOiethidd (M) JEmks gy di F1icult,

or increase of thé dielectric constant and 15 wiring corrosion due to

absorption ofo RISt rmpondier SRS §6h i SR BASES aACCOLE{ NGl Y, the narket
further requires a well- balanced material which satisfies all the

requi rement s pysUER, A3 ai oW & @b egdi i€ SONSiGNYan AR RElesHpd £ MRehaRi cal 20

strength, adhesion properties to a barrier netal, prevention of copper

di spersi o, MBS PhELs Sf ataRon@Ngh MM Wige aRsOEPIAPHE esi stance. In
order to satisfy these requirenments to a certain extent, an organosil ane

type materialpd@idg s i dofeassd Of oRapds DRy SEOPUL drinfide the organic
substituent to silane, thereby having

particles formed by evaporation of silicon and oxygen in

a gas, to form a thin film of Si0O; ultrafine particles,

may, for example, be mentioned.

10 However, although these methods of making the
material be porous, are effective to achieve a low
dielectric constant, mechanical strength tends to
decrease, whereby chemical mechanical polishing (CMP) may
be difficult, or increase of the dielectric constant and

15 wiring corrosion due to absorption of moisture may be
caused in some cases.

Accordingly, the market further requires a well-
balanced material which satisfies all the requirements
such as a low dielectric constant, an adequate mechanical

20 strength, adhesion properties to a barrier metal,
prevention of copper dispersion, plasma ashing resistance
and moisture absorption resistance. In order to satisfy
these requirements to a certain extent, an organosilane
type material having an increased proportion of carbon in

25 the organic substituent to silane, thereby having

characteristics intermediate between the organic polymer

and the inorganic polymer has been proposed.



characteristics internmedi ate between the organic polyner and the inorganic
.pol ymer has been proposed. 5 For exanple, JP-A-2000-302791 proposes a

met hod to obtain an interlayer insulating fil mnot being porous and having
a dielectric constant of at nost 2.4, by using a coating solution obtained
by hydrolysis and 5 pol ycondensation of a silicon conpound havi ng an
adamantyl group by a sol-gel nethod in the presence of an aqueous acid
solution. However, this material is a material for the coating nethod, and

there are still piRblaByAle t e -200MR) oLG; AT | ddddnd cramis@neget hod by
the filmcoating nethod. DI SCLOSURE OF THE | NVENTI ON Under t hese

Ci rcumst anceshtidie) RireSieiterd MM i GBSt idP PEBR ABderd thg obyeotibeasfove

problenms, and it is an object of the present invention to provide a novel

| ow di el ect Haf/iGRNY atte IEHtEF i @lgoA A€ WRTAY modBtEr4 Alb Olisidgl &W
dielectric constant insulating film containing either organosilicon

conpound of &b iGRN Qs 1A rE AR R (o2 Nl o D B O$hdl OXane conpound,
suitable for a PECVD equipnent, and to provide an insulating film enploying

it, and assepIaRBHddsHeMITE & £t S TH dieh St ihd imgei @ iag film The
present inventors have found that either 25 organosilicon conmpound of an
or ganosi | ane LRl ag¥bdh by a sol-gel method in the presence of an
agqueous acid solution.
However, this material is a material for the coating
method, and there are still problems of the above-

10 described film formation method by the film coating

method.

DISCLOSURE OF THE INVENTION
Under these circumstances, the present invention has
15 been made to solve the above problems, and it is an
object of the present invention to provide a novel low
dielectric constant material, particularly a material for
a low dielectric constant insulating film, containing
either organosilicon compound of an organosilane compound
20 and an organosiloxane compound, suiltable for a PECVD
equipment, and to provide an insulating film employing
it, and a semiconductor device containing such an
insulating film.
The present inventors have found that either
25 organosilicon compound of an organosilane compound and an
organosiloxane compound having such a structure that a

secondary hydrocarbon group and/or an alkenyl group is



or ganosi | oxane conpound having such a structure that a secondary
~hydrocarbon group and/or an al kenyl group is 6 directly bonded to a silicon
atom is suitable as a material for an insulating film particularly a | ow
dielectric constant interlayer insulating filmfor a sem conductor device,
and acconplished the present 5 invention. Nanely, the present invention
resides in a material for insulating fil%lconprising an organosilicon
conmpound of one of the following formulae (1) to (4), fromwhich an

insulating fikmig1{,0L08dBY tohamsaali WaPQk AEPAS tdiot arhl ofs the
organosi |l i con conpound: an organosil ane conmpound represented by the

fol 'owi ng fopgukbaigl) £BaviaRg 194eN -3 1%y YatiW e dahati @il eaprglal &, hydr ocar bon
group and an al kenyl group are directly bonded to a silicon atom

(HI1) _si R3n(@540@ERrie tenBrantormted 161 eiRi1h 83k ©f1Rlrand R2
represents a Cl1-20 hydrocarbon group, represents a Cl1_20 hydrocarbon

group havi ngsahi cbadsictene sahiery | HOWRcHplanrldand ogn@and an aryl
group, R4 represents a Cl-10 hydrocarbon group or a 20 hydrogen atom m

represents anpkRhedern.of froml to 2, n represents an integer of from1l to
2, and mtn represents an integer of from2 to 3;

Namely, the present invention resides in a material
for insulating film comprising an organosilicon compound
of one of the following formulae (1) to (4), from which
an insulating film is formed by chemical vapor deposition

10 of the organosilicon compound:

an organosilane compound represented by the
following formula (1) having such a structure that a
secondary hydrocarbon group and an alkenyl group are

directly bonded to a silicon atom:

R1
HC SiR%(OR 4-(rtn)

R2
15 m formula (1)

wherein each of R! and R? represents a Ci.zp hydrocarbon
group, R® represents a Ci-zo hydrocarbon group having at
least one alkenyl group, or an alkenyl group and an aryl
group, RY represents a Ci-1p hydrocarbon group or a

20 hydrogen atom, m represents an integer of from 1 to 2, n
represents an integer of from 1 to 2, and m+n represents
an integer of from 2 to 3;

an organosiloxane compound represented by the

following formula (2) having such a structure that a



an‘organosi | oxane conpound represented by the follow ng fornula (2) having
~such a structure that a 7 secondary hydrocarbon group and/ or an al kenyl

group is directly bonded to a silicon atom Rl R2-

formula (2) wherein RL and R2 are as defined above,

Cl HR5S It S-0 x
R5 represents a 5 C1.20

hydr ocar bon group or a hydrogen atom and x represents an integer of 2 or

above; an organosil ane conpound representeg by the

followng formula (3)

havi ng such a structure that a vinyl group is directly bonded to a silicon

atom r /- ~SiddREAELD hyarJed Gl G b %@7ﬂna56aiﬁ&g§g§£§gﬁa%_l

hydr ocarbon group or "a "hydrogen atom and p represents

or ganosi | oxang IMPGHKbARR essn esh bycdheacdR! | owi ng formula (4) having

such a structure that a 15 vinyl group is directly

bonded to a silicon

atom R7 Si-Ox fornula (4) wherein R7 represents one of a Cl-2o0 alkyl

group, an ?
R—CH R°

Ay

wherein R! and R? are as defined above,

formula (2)

R®> represents a

5 Ci-20 hydrocarbon group or a hydrogen atom, and x

represents an integer of 2 or above;

an organosilane compound represented by the

following formula (3) having such a structure that a

vinyl group is directly bonded to a silicon atom:

( /—)—Si(ORB)H
10 P formula (3)

wherein R® represents a Ci-1p hydrocarbon group or a

hydrogen atom, and p represents 2 or 3;

an organosiloxane compound represented by the

following formula (4) having such a structure that a

15 vinyl group is directly bonded to a silicon atom:

N\

Si 0 \
\ /

X

formula (4)

wherein R’ represents one of a Cizo alkyl group, an

alkenyl group and an aryl group, and x is as defined

above.

20



al kenyl group and an aryl group, and x is as defined above. 20 8 BEST MODE
FOR CARRYI NG QUT THE | NVENTI ON Now, the present invention will be expl ai ned
in detail below. In the above formula (1) , each of RL and R2 is a C1-20 5
saturated or unsaturated hydrocarbon group, and may have any of straight
chain, branched chain and cyclic structures. Further, a structure that
groups bond to each other is included in ghe present invention. |If the
carbon nunber exceeds 20, it tends to be difficult to 10 obtain a materi al

such as a corggespondbNIFOR JGRRRYREI d6T TRE enNeaANTioikt can be obtained, the
purity tends to be low in sone cases. Taking stable use in a CVD equi pnent

into consideratiQbw,atkd_pOcBrerogarbaniBhoWR11SbRakkbei ALy inlS preferred
fromsuch a viewpoint that the vapor pressure of the organosil ane conpound

will not be tgechow pebExanpl es of the hydrocarbon group for each of Rl and
R2 are not particularly limted, and a Cl.20, preferably Cl-1o0, alkyl

group, an aryl gredpthanadbykaltbyiugaoup)anda2d am afkyhary? i eupc,npy be
mentioned. Rl and R2 may be the sane or different. As exanples of a case

wherg Rl and &Rraretsat obondedrutateachyatbearbansgeengar ¥nhyflagcaskan group
e any of straight chain, branched chain and cyclic

structures. Further, a structure that groups bond to

each other is included in the present invention. If the

carbon number exceeds 20, it tends to be difficult to

10 obtain a material such as a corresponding organic halide,

or even if it can be obtained, the purity tends to be low

in some cases.

Taking stable use in a CVD equipment into
consideration, a Cj-j;p hydrocarbon group is particularly

15 preferred from such a viewpoint that the vapor pressure
of the organosilane compound will not be too low.

Examples of the hydrocarbon group for each of R! and
R? are not particularly limited, and a Ci.z, preferably
Ci-10, alkyl group, an aryl group, an arylalkyl group and

20 an alkylaryl group may be mentioned. R! and R? may be the
same or different.

As examples of a case where R! and R? are not bonded
to each other, a secondary hydrocarbon group may be
mentioned wherein R!' and R? are at least one member or at

25 least two members selected from the group consisting of
methyl, ethyl, n-propyl, isopropyl, n-butyl, i-butyl,

sec-butyl, tert-butyl, n-pentyl, tert-amyl, n-hexyl,



mentioned wherein Rl and R2 are at | east one nenber or at 25 |east two
~menbers selected fromthe group consisting of nethyl, ethyl, n-propyl,

i sopropyl, n-butyl, i-butyl, sec-butyl, tert-butyl, n-pentyl, tert-anyl,

n- hexyl, 9 cycl ohexyl, phenyl and toluyl groups. As exanples of a secondary
hydrocarbon group in a group in which RL and R2 are bonded to each ot her
and bonded to Si by neans of secondary cafbon, cyclobutyl, 5 cyclobutenyl,
cycl opentyl, cycl opentadi enyl, cycl ohexyl,” cycl ohexenyl, cycl ooctenyl and

cycl ooct adi e el ] MRy, gy ined,astopical exanples. As the
conbi nati on g¥khl and R2, 5ﬁgﬁéo-propyﬁH§r§L6¥H%herein R1 and R2 are both

rethyl, a sec-butyl granmio shed eldedtladny RamsearBORYLa00 ehhyl . and

cycl opentyl, cyclopentadi enyl, cyclohexyl™ and cycl ohexenyl groups wherein

Rl and R2 angc;ﬁRP&eﬂu tyh £AC R IOLRGI r2 a5 Be PEEHGEGCH, ELOM 8RKEEORRMA cal
Vi ewpoi nt . Is a Cl_20 hydrocarbon group having at |east one 15 al kenyl

group, or an %M'tcﬁr@ﬁoﬁ%aﬁ{b A | s IR rPakthsn al kgydp@eeup, Vvinyl,
1- propenyl, 1-butenyl, 1- pentenyl, 1-hexenyl,” 2-propenyl’, 2-butenyl,

2-pentenyl  angd Zsthexanyl Wcm@éfﬁﬂ}li,Ort%ﬁtl?cﬁaéﬂﬁ&fén%ﬁr@@ﬁohexyl

Particul arly, “the alkenyl'group is preferably a vinyl group. Further, as

the hydrocar hap- p1esherdf NercfdBsbd tdhy 1Bl dea Yy &I S8k a @i Srdy 2Oy Ryeks © Cgpon
group other than an aryl group, such as the sane group as Rl and R2 nay be
be mentioned as typical examples.
As the combination of R! and R?, an iso-propyl group
wherein R and R? are both methyl, a sec-butyl group
10 wherein R! and R? are methyl and ethyl, and cyclopentyl,
cyclopentadienyl, cyclohexyl and cyclohexenyl groups
wherein R! and R? are bonded to each other, are preferred
from an economical viewpoint.
R} is a Ci.30 hydrocarbon group having at least one
15 alkenyl group, or an alkenyl group and an aryl group. As
the alkenyl group, vinyl, l-propenyl, l-butenyl, 1-
pentenyl, l-hexenyl, 2-propenyl, 2-butenyl, 2-pentenyl
and 2-hexenyl may be mentioned as typical examples.
Particularly, the alkenyl group is preferably a vinyl
20 group. Further, as the hydrocarbon group other than the
alkenyl group, a Cj-zo hydrocarbon group other than an
aryl group, such as the same group as R! and R? may be
mentioned.
R? represents a C;_;p hydrocarbon group or a hydrogen
25 atom, and the hydrocarbon group may be a saturated or

unsaturated hydrocarbon group, and may have any of

straight chain, branched chain and cyclic structures. If



mentioned. R4 represents a Cl_10 hydrocarbon group or a hydrogen 25 atom
~and the hydrocarbon group may be a saturated or wunsaturated hydrocarbon
group, and may have any of straight chain, branched chain and cyclic
structures. If 10 the carbon nunber exceeds 10, the vapor pressure of the
formed organosil ane tends to be low and its use in a PECVD equi pnent may be
difficult in sonme cases, such being unfaigrable. 5 R4 is preferably nethyl,
ethyl, n-propyl, isopropyl, n-butyl, i-butyl, sec-butyl or tert-butyl which

s a Cl.4_ hydrocathon guahRd nadcuioh PF B O YrddBigEiale M

represents an i nteger o rom n represen eger o

3, and mn I eRrgeents ANIINENE L HMOh SO ek NPl & diygr ocar bon
ang n—f or mzé—' an U%S

group wherei n nNE n=0 Trepresents a dis ituted

0 1 Koxyst 05, and AL SEAPT 0T PUELINGTE ), TR AGIE2 P 20 =L

or nm=3 and n=0 Tépr oxysi I ane. xture thereof

is 15 included:i t. invention. Specific exanples of the
organosiIanegggﬁ%bﬁﬁgaRﬁgggggknted by the above fornmula (1) include: (A

oD ony ) LT S8k, SORROD G SRl S om o
di i sopropyl vinyghhoxusidana, AdSaRQpyIds drd 8deyl which is a Cyq
hydrocarbon group in view of preparation of the material.
m represents an integer of from 1 to 2, n represents
an integer of from 1 to 3, and m+n represents an integer

10 of 3 or under. Namely, a hydrocarbon group wherein m=1
and n=1 or m=2 and n=0 represents a disubstituted
dialkoxysilane, and a hydrocarbon group wherein m=1 and
n=2, m=2 and n=1, or m=3 and n=0 represents a
trisubstituted alkoxysilane. A mixture thereof is

15 included in the present invention.

Specific examples of the organosilane compound
represented by the above formula (1) include:

(A) isopropylvinyldimethoxysilane,
isopropylvinyldiethoxysilane, isopropylvinyl-di-tert-

20 butoxysilane, diisopropylvinylmethoxysilane,
diisopropylvinylethoxysilane, diisopropylvinyl-tert-
butoxysilane, isopropyldivinylmethoxysilane,
isopropyldivinylethoxysilane, isopropyldivinyl-tert-
butoxysilane, isopropylvinylmethylmethoxysilane,

25 isopropylvinylmethylethoxysilane, isopropylvinylmethyl-
tert-butoxysilane, isopropylvinylethylmethoxysilane,

isopropylvinylethylethoxysilane, isopropylvinylethyl-



but oxysi | ane, isopropyl divinyl net hoxysil ane, i sopropyl divinylethoxysil ane,
_isopropyldivinyl-tert- butoxysilane, isopropylvinylnmethylnmethoxysilane, 25
i sopropyl vi nyl net hyl et hoxysi | ane, isopropyl vinylnmethyl- tert-butoxysilane,
i sopropyl vi nyl et hyl met hoxysi | ane, i sopropyl vi nyl et hyl et hoxysi | ane,

i sopropyl vinylethyl 11 tert-butoxysilane, sec-butylvinyldi nmethoxysil ane,
sec- butyl vinyl di et hoxysil ane, sec-butylvinyl-di-tert- butoxysilane,

di - sec- but yl vi nyl met hoxysi | ane, di-sec 5 Bdtyl vinyl et hoxysil ane,

di -sec-butyl vinyl-tert- butoxysilane, sec-butyldivinylnethoxysil ane, sec-
but yI di vi nyl é:ter%x_ﬁl‘}q%?ﬁ’esﬁﬁf%'ec-butyl divinyl-tert- butoxysilane. In the
above formula (2)

each oivF% gd R, ma b 10 the same one as in the above

fornula (1) RS réﬁ?é?@%?% ) %i_ﬁ%F%§8¥%%éiﬁ%ﬁ’g?86p or a hydrogen atom and
cach of R, it e ine e EIRR Gtooror T SR GEhoRt T BRGhe compound 15
epresent i iy L0E AOOUE, OATRLE, (21 L0 (o 2y apergpYi L2 5
et av LoVl L BRI o & 5. Ta - RN AL ORI OB o
butyl -1, 3, 5- 4ol vV CY L O T A 8L L9XADEa 1 Iy Pnd Eh LY 81 P88, sec-

butyldivinylethoxysilane and sec-butyldivinyl-tert-

butoxysilane.

In the above formula (2), each of R' and R? may be

10 the same one as in the above formula (1). R® represents
a Ci-30 hydrocarbon group or a hydrogen atom, and the
hydrocarbon group may, for example, be the same one as
defined for each of R', R? and R®.

Specific examples of the organosiloxane compound
15 represented by the above formula (2) include
(B) 1,3,5-triisopropyl-1,3,5-
trivinylcyclotrisiloxane, 1,3,5,7-tetraisopropyl-1,3,5,7-
tetravinylcyclotetrasiloxane, 1,3,5,7,9-pentaisopropyl-
1,3,5,7,9-pentavinylcyclopentasiloxane, 1,3,5-tri-sec-

20 butyl-1,3,5-trivinylcyclotrisiloxane, 1,3,5,7-tetra-sec-
butyl-1,3,5,7-tetravinylcyclotetrasiloxane and 1,3,5,7,9-
penta-sec-butyl-1,3,5,7,9-pentavinylcyclopentasiloxane,

(¢) 1,3,5-triisopropyl-1,3,5-
trimethylcyclotrisiloxane, 1,3,5,7-tetraisopropyl-

25 1,3,5,7-tetramethylcyclotetrasiloxane, 1,3,5,7,9-
pentaisopropyl-1,3,5,7,9-pentamethylcyclopentasiloxane,

1,3,5-triisopropyl-1,3,5-triethylcyclotrisiloxane,



butyl-1,3,5,7-tetravinyl cyclotetrasil oxane and 1, 3,5, 7, 9-
penta-sec-butyl -1, 3,5,7, 9-pent avi nyl cycl opent asi | oxane, (C)
1,3,5-triisopropyl-1,3,5- trinethylcyclotrisiloxane, 1,3,5,7-tetraisopropyl -
25 1,3,5,7-tetranet hyl cycl otetrasil oxane, 1,3,5,7, 9-

pent ai sopropyl -1, 3,5, 7, 9- pent anet hyl cycl opent asi | oxane,
1,3,5-triisopropyl-1,3,5-triethylcyclotrisiloxane, 12

1,3,5, 7-tetrai sopropyl -1, 3,5, 7- tetraethyﬂé&clotetrasionane,

1,3,5,7,9-pent al sppso 1.3, 5. 7. 9-pentagthyl cycl opent asi | oxane,
hexai sopr opyl 3%1%t?i§¥#5§%ﬁ8?rogy%c§aés propyl cycl ot etrasi | oxane,

decai sopropyl cycl opent asi | oxan 1 o-1ri-seg-putyl- . _
155 o1 et by ErRp oy PEY T B BREragt Sodably BT 30 Bipgpraisopropyl

3,9, [~ hy| I j | - -
ec. butyl 1. 3 6750 PErRaREr AT E eT oheREALrPafaRaREL. 5 5 10

ot o oo bty SR OBy IS BL O L BbRARN S B e
1,3,5,7,93pen&gﬁgfgég?é¥¥}é¥§1gtgtgéi9§ggg§§hXIcyclopentaS|onane, (D)

1,3,5-trii’sopropy _ oxane, 5

o0 ODVREE BB Bent i Boefle 1 38 o e

éhf’yfé;&t o 585 PHIXLEKGh 8LE16R2 1 LOYBRENANT1] 33577 LedtRNRcS Byl -
1,3,5,7-tetramethylcyclotetrasiloxane, 1,3,5,7,9-penta-
sec-butyl-1,3,5,7,9-pentamethylcyclopentasiloxane, 1,3,5-

10 tri-sec-butyl-1,3,5-triethylcyclotrisiloxane, 1,3,5,7-
tetra-sec-butyl-1,3,5,7-tetraethylcyclotetrasiloxane and
1,3,5,7,9-penta~-sec-butyl-1,3,5,7,9-
pentaethylcyclopentasiloxane,

(D) 1,3,5-triisopropylcyclotrisiloxane, 1,3,5,7-

15 tetraisopropylcyclotetrasiloxane, 1,3,5,7,9-
pentaisopropylcyclopentasiloxane, 1,3,5-tri-sec-
butylcyclotrisiloxane, 1,3,5,7-tetra-sec-
butylcyclotetrasiloxane and 1,3,5,7,9-penta-sec-
butylcyclopentasiloxane.

20 In the above formula (3), R® represents a Ci_ig
hydrocarbon group or a hydrogen atom, and the hydrocarbon
group may be the same one as defined for RY.

Specific examples of the organosilane compound
represented by the above formula (3) having such a
25 structure that a vinyl group is directly bonded to a

silicon atom, include

(E) divinyldimethoxysilane, divinyldiethoxysilane,



20 'In the above formula (3), R6 represents a Cl-1o hydrocarbon group or a
_hydrogen atom and the hydrocarbon group nmay be the sane one as defined for
R4. Specific exanples of the organosilane conpound represented by the above
formula (3) having such a 25 structure that a vinyl group is directly
bonded to a silicon atom include (E) divinyldinethoxysilane,

di vi nyl di et hoxysi |l ane, 13 divi nyl d|-terH but oxysi | ane,

trivinyl nmet hoxysil ane, tr|V|nerthoxyS|Iane and trivinyl tert-butoxysilane.

In the above JQFypyR éﬂ)uefg—ﬁﬁwﬁ$§ﬂ§n@ Cép?@ﬁ‘%fﬁ{éth&i&%'{)laﬁ@ al kenyl

group or an aryl group, specifical 5 net hyl, hyl, vinyl, n-propyl,

I so-butyl or 6f¥%1ﬂ9%%€%%&yé¥ﬁéﬁ%ﬂéﬁ@e@E1@@@&1ft&rEXEﬁP$§§sPiaﬁQe
or ganosi | oxane conpound represented by the above formula (4) having such a

structure that a yhnyhe JABYPei Bothhi BET [ ¥ boa?iel@talspeéenég §|¢| PR 1BLAM
include (F) 1,3,5-trinethyl-1, 3, 5- tr|V|nyfcyc otri sil oxane,

, 3,9, 7- tetr%ﬁﬁ&h&' énf%fkéh%ftéﬁaﬁﬁyéﬁy&ﬁ0&?&1aéfb@ﬁan§pec1f1cally,

9- pentanethyl - pentaV|nyIcycIopentaS|onane
'%thﬁﬁééhfﬁ5 é@%?I'V¢IB§PYQﬁ f ioxﬁggfbutyl or the like may

1
1,3,5,7,
1,3,5-tr
1,3,5, 7-tetraeth tetraviny otetra5|loxane and
1,3,5,7,9- per};@qﬁé}yﬁlor}e&S 7, 9- pent aV| nyI cycl opent asi | oxane, (Q
hexavi nyl

cyclotrisil oxane,
Specific examples of the organosiloxane compound

9
represented by the above formula (4) having such a
structure that a vinyl group is directly bonded to a

10 silicon atom, include

(F) 1,3,5-trimethyl-1,3,5-trivinylcyclotrisiloxane,
1,3,5,7-tetramethyl-1,3,5,7-tetravinylcyclotetrasiloxane,
1,3,5,7,9-pentamethyl-1,3,5,7,9-
pentavinylcyclopentasiloxane, 1,3,5-triethyl-1,3,5-

15 trivinylcyclotrisiloxane, 1,3,5,7-tetraethyl-1,3,5,7-
tetravinylcyclotetrasiloxane and 1,3,5,7,9-pentaethyl-
1,3,5,7,9-pentavinylcyclopentasiloxane,

(G) hexavinylcyclotrisiloxane,
octavinylcyclotetrasiloxane and

20 decavinylcyclopentasiloxane.

The method for producing the organosilane compound
of the above formula (1) is not particularly limited.

For example, the organosilane compound represented by the
formula (1) can be produced by reacting an organic

25 compound represented by the following formula (5):



oct avi nyl cycl otetrasi | oxane and 20 decavi nyl cycl opent asi | oxane. The net hod
~for producing the organosil ane conpound of the above formula (1) is not
particularly limted. For exanple, the organosil ane conpound represented by
the fornmula (1) can be produced by reacting an organic 25 conpound
represented by the following formula (5) 14 R1L HCGX R2 formula (5)

wherein RL and R2 are as defined above X represents a hydrogen atom a
chlorine atom a brom ne atom or |od| atom with organolithiumor

metal lithiumgrangle s to produce a conpound i n which a secondary
hydrocarbon groupland a lithiumatomare directly bonded, and reacting
this conmpound wit | ogenat ed organosil ane or a hal ogenat ed

or ganoal koxysi | anejrepresented by the follomjng formula (6): 10

X pSi R3q(0?4)4_(p+%;) formula (6) wherein eseRgés a fluorine atom a
chlorine atom a rom ne atomor an |od|nef%f hnd R4 are as defined

above, p repr £h & lMeger 2Pk L50AL®ihea%and erGQEQSR”Eépi‘@sbﬂkgger of

from1l to 2, p+q represents 15 an integer of 4 or under. Further, the

or ganosi | ane acqgawﬁgﬁ eprgRent echbyriddeatar mi %f&alﬁ@na@&n Pspdiged by

usi ng netal magnesi um
iodine atom, with organolithium or metal lithium granule

5 to produce a compound in which a secondary hydrocarbon
group and a lithium atom are directly bonded, and
reacting this compound with a halogenated organosilane or
a halogenated organoalkoxysilane represented by the
following formula (6):

10 X' 5SiR%°q(OR*) 4- (p+qy  formula (6)
wherein X’ represents a fluorine atom, a chlorine atom, a
bromine atom or an iodine atom, R® and R? are as defined
above, p represents an integer of from 0 to 4, g
represents an integer of from 1 to 2, and p+q represents

15 an integer of 4 or under.

Further, the organosilane compound represented by
the formula (1) can be produced by using metal magnesium
instead of the organolithium or the metal lithium granule
in the above production method.

20 Examples of the organic compound represented by the
formula (5) wherein X is a chlorine atom, a bromine atom
or an iodine atom include isopropyl chloride, isopropyl
bromide, isopropyl iodide, sec-butyl chloride, sec-butyl
bromide, sec-butyl iodide, cyclopentyl chloride,

25 cyclopentyl bromide, cyclopentyl iodide, cyclohexyl



instead of the organolithiumor the netal lithiumgranule in the above
production net hod. 20 Exanpl es of the organic conpound represented by the
‘fornula (5) wherein Xis a chlorine atom a bronine atom or an iodine atom
i ncl ude isopropyl chloride, isopropyl brom de, isopropyl iodide, sec-butyl
chloride, sec-butyl bromde, sec-butyl iodide, cyclopentyl chloride, 25
cycl opentyl brom de, cyclopentyl iodide, cyclohexyl 15 chloride, cyclohexyl
bromi de and cycl ohexyl iodide. Further, eianples of the organic conpound

oD et o IR T A S S 1 d A 2801400 v
L L LSBT Bl Dl LS g e
bonded. can DETHRARGE 50 St (e TAFGHEhat o o GASEFFahe.
hal ogenat ed or ganoal koxysi |l ane or tetraal koxysil an epresented_by the
formula (6) i %d@cﬁﬁ%mﬁ W%%ﬁ% TR e PP Paed ene
T 200 L o Bgianevs s
Ry, et Rt A T LTSRS ey e
n_prOpyldinEtPPéXB&%%EF&h such a compound, a compound in which a

secondary hydrocarbon group and a lithium atom are

directly bonded, can be produced.

10 Examples of the halogenated organosilane,
halogenated organoalkoxysilane or tetraalkoxysilane
represented by the formula (6) include
vinyltriethoxysilane, vinyltrimethoxysilane,
divinyldimethoxysilane, divinyldiethoxysilane,

15 vinylmethyldimethoxysilane, vinylethyldimethoxysilane,
vinyl n-propyldimethoxysilane, vinyl n-
butyldimethoxysilane, vinylmethyldimethoxysilane,
vinylethyldimethoxysilane, vinyl n-propyldimethoxysilane,
vinyl n-butyldimethoxysilane, vinyltrichlorosilane,

20 divinyldichlorosilane, vinylmethyldichlorosilane,
vinylethyldichlorosilane, vinylmethyldichlorosilane,
vinylethyldichlorosilane, vinyl n-propyldichlorosilane,
vinyl n-butyldichlorosilane, phenylvinyldichlorosilane,
phenylvinyldimethoxysilane and phenylvinyldiethoxysilane,

25 each having at least one alkenyl group.

Further, after the preparation reaction, when a

halogen atom directly bonded to silicon remains in the



vi nyl n-butyl di net hoxysilane, vinyltrichlorosilane, 20

di vinyl di chl orosilane, vinylnmethyldichlorosilane, vinylethyldichlorosilane,
vi nyl met hyl di chl orosi | ane, vinyl et hyl di chl orosi | ane, vinyl

n- propyl di chl orosi | ane, vinyl n-butyl dichl orosil ane,

phenyl vi nyl di chl orosi | ane, phenyl vi nyl di net hoxysi | ane and

phenyl vi nyl di et hoxysi | ane, 25 each having %; | east one al kenyl group.
Further, after the preparation reaction, @hen a halogen atomdirectly

bonded to si | d B8y SIPAAS éﬁbé@ft&@edaﬂayoéyma%@a%@ﬁt gI:HEBd alYad
hydr ocarbon group as a product, an alkali netal al koxide represented by the

follow ng forgmdaud?) ks éf@&ifdmé9§19$&k8xiéé rébkaxuhekion, BpBCM formila

(7) wherein is an alkali metal, and R4 is as i ned above Exanpl es of

the alkali nE%@dléwfﬁghégrm@pae§¢ﬂt§9 P¥actbe EH&PH%?tﬁ7kok”C|Ude i thi um

met hoxi de, |ithium oxi de iumi - propoxi de, sodi um nmet hoxi de, sodi um
10 et hoxi de, s$pghiitidePpbQpoxide, potassium nethoxide, potassium ethoxide,
pot assi um i - propoxl de and potassium tert-butoxide. By enploying the present
production nethod, gégg organosil ane cegpgund represented by the fornula (1)
with is a high purity can be obtained wth a hlgh yield while suppressing

formation of byspepdugt ss dheatradh thepglf oan@r REUCE i 00 Qs ihes caspeand in

Examples of the alkali metal alkoxide represented by
the formula (7) include lithium methoxide, lithium
ethoxide, lithium-i-propoxide, sodium methoxide, sodium

10 ethoxide, sodium-i-propoxide, potassium methoxide,
potassium ethoxide, potassium—i—propoxide and potassium-
tert-butoxide.

By employing the present production method, the
organosilane compound represented by the formula (1) with

15 a high purity can be obtained with a high yield while
suppressing formation of by-products.

The conditions for production of the compound in
which a secondary hydrocarbon group and a lithium atom
are directly bonded, are not particularly limited, and

20 one example is shown below.

As the metal lithium to be used, a lithium wire, a
lithium ribbon or a lithium shot may, for example, be
employed, and it is preferred to employ lithium fine
particles having a particle size of at most 500 um in

25 view of reaction efficiency.
As the metal magnesium to be used, a magnesium

ribbon, magnesium granule or a magnesium powder may, for



which a secondary hydrocarbon group and a lithiumatom are directly bonded,
‘are not particularly limted, and 20 one exanple is shown below. As the
metal lithiumto be used, a lithiumwre, a Ilithiumribbon or a lithium
shot may, for exanple, be enployed, and it is preferred to enploy |ithium
fine particles having a particle size of at nost 500 pmin 25 view of
reaction efficiency. As the netal magnesi to be used, a nagnesium ri bbon,
magnesi um granul e or a nagnesiun1pomder , for 17 exanple, be enployed.

As the organgd m t ga n-hexane solution of n-butyl [ithiumor
a n-pentane s}?%#%on tert {?% l'ithiummay, for exanple, be enployed. 5

The sol vent to beAyseﬁiefgf %ﬂ@li FlinOflo! Bon@LeaPatt hebanht Lhflkednso | ong

as it is used for said nlca |e d. For exanple, a saturate

hydrocarbon  sugh s ﬁpfm bz P A06nc nDEXANEE 6 ob phEADEy. By hept ane

or n-decane, an unsaturate ydrocar bon such as 1 uene ene I’

decene-1, or I}ﬁ?JM” 5§uﬁEg§ é&gﬁgyopégéh§$%%g%gﬁppyl ether, tert-butyl

met hyl et her, utyl ether or cyc nty et her, may be used.

Further, sa nixedsol gnyehhergoborayosl §8rbehasggacmnr gachi,@n tenperature

for the aBove reaction i1s 15 preferably such a tenperature range that the
formed compqund i 0, WU L A RECONCSE Y1 6R4 DS atofyandea ELLhEYMY

technical field. For example, a saturated hydrocarbon
such as n-pentane, i-pentane, n-hexane, cyclohexane, n-
heptane or n-decane, an unsaturated hydrocarbon such as
10 toluene, xylene or decene-1, or an ether such as diethyl
ether, dipropyl ether, tert-butyl methyl ether, dibutyl
ether or cyclopentyl methyl ether, may be used. Further,
a mixed solvent thereof may also be used.
The reaction temperature for the above reaction is
15 preferably such a temperature range that the formed
compound in which a secondary carbon atom and a lithium
atom are bonded, or compound in which a secondary
hydrocarbon group and a magnesium atom are directly
bonded, will not decompose. The reaction is preferably
20 carried out usually at a temperature of from -100 to
200°C which is industrially employed, preferably at a
temperature of from -85 to 150°C. As the pressure
condition of the reaction, the reaction may be carried
out under elevated pressure, normal pressure or reduced
25 pressure.
The prepared compound in which a secondary

hydrocarbon group and a lithium atom are directly bonded



atom are bonded, or conpound in which a secondary hydrocarbon group and a
magnesi um atom are directly bonded, will not deconpose. The reaction is
preferably 20 carried out usually at a tenperature of from-100 to 200C
which is industrially enployed, preferably at a tenperature of from-85 to
150C. As the pressure condition of the reaction, the reaction may be
carried out under elevated pressure, normal pressure or reduced 25
pressure. The prepared conpound in which &8secondary hydrocarbon group and

i thi t direct] nded 18 d in which d
Ryor ocar bon GROG LG TANG i AEHE a1 RO 5 B GHE SRy <58 Bied as

it is after the pr.oduction, or it be used.after .unreacted organic
hal i de, netaM™agh %HW<ﬁt?Rn%ﬂer§ﬁﬁégﬁixﬁ%%ﬁl %YIW?¥H?ﬁn$Eﬁ$d%So?£nh nesi um
halide as a r Cti%ﬂﬁ£Y'<? oduct are renoved.. The conditions of the.reaction

of the conpoldd-Sh A Ghdaty Hy dIBE HDoF Y - Ehd & FR¢ hedm at om
di tly bonded i i.ch d 10 hyd b

2nd & mones A SR i+ d191 POHaRH (e Bt b TR Sh e el ogenat ed

or ganosi | ane the .h qgenated OQ%%noalkqgwgilane of the. abaove fornul a

| )
(6)are Aot il T (66 (RRE D R A e T & SRR b ow, as A

t he reaction sohyeq; to be used, the sane
produc are removed.

The conditions of the reaction of the compound in
which a secondary hydrocarbon group and a lithium atom
are directly bonded or compound in which a secondary

10 hydrocarbon group and a magnesium atom are directly
bonded thus obtained, and the halogenated organosilane or
the halogenated organocalkoxysilane of the above formula
(6), are not particularly limited, and one example is
shown below.

15 As the reaction solvent to be used, the same
solvents as the solvents which can be used for the
production of the above compound in which a secondary
hydrocarbon group and a lithium atom (or a magnesium
atom) are directly bonded may be used. The reaction

20 temperature is preferably such a temperature range that
the compound in which a secondary hydrocarbon group
and/or an alkenyl group and a lithium atom (or a
magnesium atom) are directly bonded, will not decompose.
The reaction is preferably carried out usually at a

25 temperature of from -100 to 200°C which is industrially
employed, preferably at a temperature of from -85 to

150°C. As the pressure condition of the reaction, the



sol'vents as the solvents which can be used for the production of the above
conpound in which a secondary hydrocarbon group and a lithiumatom (or a
‘magnesi um atom) are directly bonded may be used. The reaction 20
tenperature is preferably such a tenperature range that the conpound in
whi ch a secondary hydrocarbon group and/or an al kenyl group and a lithium
atom (or a nmagnesiumatom are directly 3ﬁpded, w Il not deconpose. The
reaction is preferably carried out usually at a 25 tenperature of from-100

to 200C whi chy gt gl abbycapupbayed: BraLer 8bbyagtadghemagrature of from

-85 to 150C. e pressure condition of the reaction, "the ‘reaction

may be carriegogﬂi%gﬁgggSgkgvg}ggeaﬁﬁéaubgesSggénal pressure or reduced

pressure. The net or produci ng the organosi| oxane conpound of the above

formiia (2) s nobnBapblolarbl LibhiednaAitle 5:bhrtan e oLl L

exanpl e, by reacting a hal ogenat al koxysi | ane conpound s

secondary hyd59C§ﬁQOQb8{78EPorﬁ1§E5e§Qgt ed Byt Be - ELLOWAG lfiﬂmri‘%!d@ ﬁaﬁlhy

having such a structure that a secondary hydrocarbon group is direct
bonded toa silicg Béggkoélgc%t,hf%t E&ainpltehebﬁ}r eegResngl san acid or a
base: Rl R2-CI'H )Si(OR4)6X2-s’ RS fornula (8)
halogenated alkoxysilane compound substituted by a
secondary hydrocarbon group, represented by the following
formula (8) having such a structure that a secondary

hydrocarbon group is directly bonded to a silicon atom,

10 with water in the presence of an acid or a base:

R1
|

RL—CH\
/Si(OR4)sX2_s
R formula (8)

wherein R}, R?, R%*, R® and X are as defined above, and s
represents an integer of from 0 to 2. For example, the
dialkoxysilane substituted by a secondary hydrocarbon

15 group of the above (A) as an example of the organosilane
compound represented by the above formula (1), or a
compound having an alkoxy group of the above compound
substituted by chlorine, bromine, iodine or fluorine may
be used.

20 One having an alkoxy group of the above compound
substituted by chlorine, bromine, iodine or fluorine can
be obtained by changing the conditions in the same method
for producing the compound of the above formula (1).
Further, the compound of the above formula (8) thus

25 obtained may contain the compound of the above formula



wherein R, R2, R4, R5 and X are as defined above, and s represents an
integer of fromO to 2. For exanple, the dialkoxysilane substituted by a
secondary hydrocarbon 15 group of the above (A) as an exanple of the
organosi | ane conpound represented by the above fornmula (1), or a conpound
havi ng an al koxy group of the above compound substituted by chlori ne,

brom ne, iodine or fluorine may be used. 20 One havi ng an al koxy group of

t he above conpound substituted by chlori#8, bromine, iodine or fluorine can
be obt ai ned by, changjng the conditions in the same nethod for producing the
conmpound of t éﬁ%vg?%brnula (1). Further, the conpound of the above

o2 () Lhus g5 ohiaL1ed LRy oL a1 L e oL, oL Doy Tormil
i norganic acid such as hydrochlori.c acid,.nitrjic acid ,or sulfuric acid, or
an organi c adl SRIFHLS IR AL FOMEERTH MRS 1 Bl Ry BELC TRe Feact i on
sol vent to be useqléor. rqgf tiéﬁ]éﬁ }he or gano iIOﬁ?ne conpound o
represent ed ¥ tHe FOrhul 3 +$2)°% hot PHHT U HT 15797 ff¥ed so long as it is
ssed T0r ool & EELEPlol ) . Loy, & 20l rated 10 hydrocarbon such
unsaturated hydragcarpon.sygh 38150LHePS n&VLELE £6r U§E888eL1 oANE T
the organosiloxane compound represented by the formula
(2) 1is not particularly limited so long as it is used for
said technical field. For example, a saturated
10 hydrocarbon such as n-pentane, i-pentane, n-hexane,
cyclohexane, n-heptane or n-decane, an unsaturated
hydrocarbon such as toluene, xylene or decene-1, an ether
such as diethyl ether, dipropyl ether, tert-butyl methyl
ether, dibutyl ether, cyclopentyl methyl ether or
15 tetrahydrofuran, or an alcohol such as methanol, ethanol,
isopropanol, n-butanol, tert-butanol or 2-ethylhexanol
may be employed. Further, a mixed solvent thereof may
also be employed. Particularly when an ether or an
alcohol is employed, an organosiloxane compound of the
20 formula (2) having a specific molecular weight can be
produced with a high yield in some cases.
As the reaction temperature for production of the
organosiloxane compound represented by the formula (2),
the reaction is preferably carried out usually at a
25 temperature of from -100 to 200°C which is industrially

employed, preferably at a temperature of from -85 to

150°C. As the pressure condition of the reaction, the



such as diethyl ether, dipropyl ether, tert-butyl nethyl ether, dibutyl

et her, cyclopentyl nethyl ether or 15 tetrahydrofuran, or an al cohol such as
"met hanol , ethanol, isopropanol, n-butanol, tert-butanol or 2-ethyl hexanol
may be enpl oyed. Further, a m xed solvent thereof nmay also be enpl oyed.
Particularly when an ether or an alcohol is enployed, an organosil oxane
conpound of the 20 formula (2) having a sgigific nol ecul ar wei ght can be
produced with a high yield in some cases the reaction tenperature for

product fon oF %6 4a1PSid A cemaund JareRAIlad BeifB o mia (2)

the reaction™i's pre |y carried tenperature of from

-100 to 200C“¥§3%ﬂ k@%ﬁgﬂfﬁ'&fﬂﬂée éggﬂ(gggg eferably at a tenperature of

from-85to e pressure condittion of the reaction, the 21
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for exanple, by reacting an oxyS|Iane suc ane or

tetraetho§y5|Qa@%ﬁmgéng%\qﬂagd(NﬁgyuékéﬁﬁfghngneSIun]éﬁforlas vi nyl

l'ithium V|ny magnesi ri'de or Vi de. Further, it

can be produ %’co‘%y%ﬁ %Knel%dc%%g NG - i e such as

tetrachloros ane a vinyl organic neta conpoun such as vi nyl
tetraethoxysilane with a vinyl organic metal compound

such as vinyl lithium, vinyl magnesium chloride or vinyl
magnesium chloride. Further, it can be produced also by
10 reacting a halogenated silane such as tetrachlorosilane
with a vinyl organic metal compound such as vinyl
lithium, vinyl magnesium chloride or vinyl magnesium
chloride, and then reacting the alkali metal alkoxide of
the above formula (7) therewith. As the conditions for
15 production, the same conditions as in the method for
producing the compound of the above formula (1) may be
employed.
The method for producing the organosiloxane compound
of the above formula (4) is not particularly limited, and
20 it can be produced, for example, by the same method as
the method for producing the compound of the above
formula (2) employing as a material a halogenated
organosilane or a halogenated organoalkoxysilane having
at least one alkenyl group represented by the above
25 formula (6).
When the produced organosilane compound or

organosiloxane compound represented by one of the



l'ithium vinyl magnesium chloride or vinyl magnesium chloride, and then
reacting the alkali netal al koxide of the above fornula (7) therewith. As
the conditions for 15 production, the sanme conditions as in the nmethod for
produci ng the conpound of the above formula (1) may be enployed. The net hod
for producing the organosil oxane conpound of the above formula (4) is not
particularly limted, and 20 it can be prgduced, for exanple, by the sane
nmet hod as the nmethod for producing the compound of the above formrmula (2)

enpl oyi ng as @ MRirld al1 2 hdl pgenad edscQroangsi 18881 8F iAghak egenat ed
or ganoal koxysi | ane having at |east one al kenyl group represented by the

above 25 form@a{1, Weni 4 Ner£FOdHELd 0L 0aPRS | hENEL GLEPOYAHRE is ,
or ganosi | oxane conpound represented by one of the 22 fornul ae (1% to (4) is

used as an i nsul ativigh f50 PoiBdsd i Bhat i tnbScorelREr g8 nghrihg noisture
content is |ess than 50 ppmand that the content of inpurity elenents

other than sidi&Mht&a500d: OXYHeHi BNEoRY dE QB8N 5o£§@éﬂegniarﬁ?a£8§@hant
materials, is |ess than 10 ppb. Accordingly, it is preferred to purify such

an organasi |d&on &onpesidr-&Yc PRePsmeteFi A1 £ at 19N U8ENENENT10 BpBlass filter
or a sintered porous body, distillation under normal pressure or under

rgfluced Pr essik €orPInd Dy COl iMs SEPEF8t+6a Hsi par $tY i §8chakdm na or a pol ymer
. organosilicon compound by means of filtration using e.g.
a glass filter or a sintered porous body, distillation
under normal pressure or under reduced pressure, oOr
10 column separation using silica, alumina or a polymer gel,
to remove lithium salts or magnesium salts as by-
products. In such a case, as the case requires, the
above purification means may be used in combination. By
a method of extracting lithium salts or magnesium salts
15 as by-products with e.g. water, which is employed for
general organic synthesis technology, the moisture
content and the content of impurity elements other than
silicon, carbon, oxygen and hydrogen, particularly the
content of metal impurity residue, in the organosilane
20 compound or the organosiloxane compound represented by
one of the formulae (1) to (4) to be finally obtained,
tend to be high, and such a compound is inappropriate as
a material for insulating film in some cases.
Further, in a case where a by-product containing a
25 silanol structure is formed, hydroxyl groups of the

silanol are treated with e.g. sodium hydride or potassium

hydride so that the by-product is precipitated in a form



torenmove lithiumsalts or magnesiumsalts as by- products. In such a case,
as the case requires, the above purification neans may be used in
conbination. By a nethod of extracting lithiumsalts or magnesiumsalts 15
as by-products with e.g. water, which is enployed for general organic

synt hesi s technol ogy, the noisture content and the content of inpurity

el enments other than silicon, carbon, oxyggp and hydrogen, particularly the
content of metal inpurity residue, in the“organosilane 20 conpound or the

or ganosi | oxa C r sent o] e to (4) to be
fi%ally obta?ﬁ% ,nggn t%££§ ﬁ?gﬁ?pgﬁﬁsgggﬂ %a%ghp%ﬁﬁggbgﬁi%%%propﬁi;te as

a merial foroauating LLbov1 By o0aRL0azeRyaFUELDBEY b0cBLcase iere o

by- product contai a structur or med roxyl ‘groups of

the silanol t 1 (o i dgt de ssium hydride so
that the by-ﬁ?% uééf?§&%$2%%%i?%tE%é?%tga}%?n?%gglgFaggégdiun1sa|t or a
uhst it

potassiumsalt, a t cal k S| e aE&Qr ghon
group as the naiggﬁr ggg%ggéﬁﬁbeeﬁéoFggggt%y dlstﬁblgf?%ﬁ@' or gﬁg‘uction

the Opera%iOﬂaiﬁe&ﬂo@cfﬂrQﬁécfiéiéhof5s§iHEBPSQnEHFEQ§ gbﬁh@uﬂh sai d

organonet al conpound synthesis. Nanely, 1t 1S preferre at the reaction

s carried opnifoansal mahere of dehydral s @ndhdeoxhdi zesec M ggen or
argon, and a solvent, a columi packing material for purification, etc., to
be used are carried out in an atmosphere of dehydrated and deoxidized
nitrogen or argon, and a solvent, a column packing
material for purification, etc., to be used are
10 preliminarily subjected to dehydration operation.
Further, it is preferred that impurities such as metal
residue and particles are removed.
The organosilane compounds and the organosiloxane
compounds represented by the formulae (1) to (4) of the
15 present invention are materials suitable as a material
for low dielectric constant insulating film formation by
a PECVD equipment.
The method for forming the insulating film material
of the present invention is not particularly limited. A
20 PECVD equipment which is commonly used in the field of
sald technology such as a semiconductor production field
or a liquid crystal display production field, is used to
form an insulating film. The PECVD equipment means an
equipment in which a material for insulating film such as
25 an organosilane is vaporized by a vaporizer and

introduced to the inside of a film formation chamber, and

a voltage is applied to an electrode in the film



10 prelimnarily subjected to dehydration operation. Further, it is
preferred that inpurities such as netal residue and particles are renoved.
The organosil ane conpounds and the organosil oxane conpounds represented by
the fornmulae (1) to (4) of the 15 present invention are materials suitable
as a material for low dielectric constant insulating filmformation by a
PECVD equi pnent. The nethod for formng t@q insulating filmmaterial of the
present invention is not particularly linted. A 20 PECVD equi pnent which

I's commonly lmqna&&hecﬁar%éir Oby S& K 8 CAPOL OS5 UsHwds SodeaEkcegduct or
production field or a liquid crystal display production field, is used to

form an i nsulpdidisdd I adhe, RECVER, SR UA pﬁ?@ém&%ﬁyﬁ@n?&lb‘i@ﬁeﬂlhnoﬂh' ch a

material for 7insulating filmsuch as 25 an organosi|lane is vaporized by a

vaporizer ang ¢ ”Q{Qﬂﬂpfﬁbﬁ(%&$§%f£§éd§noﬁh@-fiiﬁ“f@fﬂ@%i@ﬂ Ehapber. and a
voltage is applled to an electrode in the film24 formation chanber by a

hi gh frequengy payes sphECcerdP tH@W@u?ﬁ@s@'@ﬁnﬁené9a£9ﬁ§1§19£ﬁénaa gas
polynmeri zation filmon e.g. a silicon substrate in the fil m f or mat i on

chanber. At s dd "Brgd®rof NEe DLEROSE 2h SRIGIA hHJaPbRENBuchR 43S 5 such
as argon or heliumor an oxidizing agent such as oxygen or nitrous oxide

may be introduggten Wem{ttonsfoxi@si @iy | Be Caht+68uoHE . by PEGMA equi pmrent
using the material of the present invention for |nsulat|ng film a
formation is carried out by a PECVD equipment using the
material of the present invention for insulating film, a
thin film suitable as a low dielectric constant material
10 (low-k material) for a semiconductor device can be
formed.

Formation of an insulating film under PECVD
conditions under which the cyclic siloxane structure of
the organosiloxane compound of the above formula (2) or

15 (4) is maintained is included in the present invention.
The insulating film obtained by the present method is a
porous insulating film of a cyclic organosiloxane
compound, most of the pores of which have small pore
sizes of 1 nm or under, and is a thin film particularly

20 sulitable as a low dielectric constant material (low-k
material) for a semiconductor device having low
dielectric characteristics and having high mechanical
properties and high heat transmission properties. As the
PECVD conditions in such a case, it is preferred to carry

25 out PECVD film formation with a relatively low plasma

power (W, voltage x current) as shown in Examples for

example, so as not to destroy the cyclic siloxane



thin filmsuitable as a low dielectric constant material 10 (lowk material)
for a sem conductor device can be forned. Formation of an insulating film
under PECVD conditions under which the cyclic siloxane structure of the

or ganosi | oxane conpound of the above formula (2) or 15 (4) is maintained is
included in the present invention. The insulating film obtained by the
present nethod is a porous insulating filmof a cyclic organosil oxane
conpound, nost of the pores of which have2$mal| pore sizes of 1 nmor

under, and is a thin fiIn1panthuI%TIy,20,suitabLe s a low dielectric
constant mat eFEIC ¥R k SRARILCAD %ot lsserﬁacrd?ﬁﬁiﬁt%t RAR IR ng | ow

dielectric characteristics _and having_high C ical properties_and high

heat transni§§W%%Fp?ﬁﬁ%r%i%s?oﬁé'Q%QQNPE%§%£§B$€f¥igﬁ%mi% Wueh 4888, it is
preferred to carry 25 out PECVD filmformatiqQqn with a relatively | ow plasna
power (W vol¥agf W tash ey LW rfg&ﬁpﬁvéélq Jrowedy ]ee,gts’blcas not to

destroy the cyclic silpxane 25 structure, Specifical it is carried out

preferably dﬁﬂ%?a??%ﬁﬁﬁﬁy9?oc??0%% gQr%?%fﬁgaﬁl§l$?o#¥amV$?BmiF69@ W

Further, an insuIQ$in filn1havi£g | ower dieiectric, chargﬁteristics can be
f ¢

formed at 5a HEYHE FPY nts HR%ed | SRC 51T BRI BYOTST PR cHR I VRIGR gAnBsRY bxane in

whi ch a vi nyl rou nd an i sopropyl roup are bonded to the same silicon
at om y grghp ghg'an Psopr pyfygr up gre'bonge to the same

silicon atom.
A porous low dielectric constant insulating film can
be obtained also by forming one of the materials of the
10 formulae (1) to (4) into a film by CVD, and then
subjecting the film to a heat treatment at a temperature
of 350 deg.°C or over at which bond between one of the
secondary hydrocarbon group, the alkenyl group, the alkyl
group and the aryl group and the silicon atom is broken.
15 The heat treatment temperature is preferably 350 deg.°C
or over at which formation into a porous body is
completed, and 500 deg.°C or under at which a
semiconductor device will not deteriorate.
The low dielectric-constant material of the present
20 invention is suitable for production of ULSI employing
multilayer interconnect, and a semiconductor device
employing it is also included in the present invention.
Now, the present invention will be explained in
detail with reference to Examples. However, the present
25 invention is by no means restricted to such specific

Examples.



A porous low dielectric constant insulating filmcan be obtained also by
formng one of the materials of the io formulae (1) to (4) into a film by
CVD, and then subjecting the filmto a heat treatnent at a tenperature of
350 deg.C or over at which bond between one of the secondary hydrocarbon
group, the alkenyl group, the alkyl group and the aryl group and the
silicon atomis broken. 15 The heat treatment tenperature is preferably 350
deg.C or over at which formation into a Bérous body is conpleted, and 500
deg. C or under_at _which a sem conductor device will not deteriorate. The

| ow di el ect r T2 aht material of the present 20 invention is suitable

for productlon of ULSI oyi n mul ti interconnect, and a
seni conduct orPRfERA Q,WTECF ﬁ%‘gﬂw}@%% |W:I%%H|Z'h %%%O%P%g\ént _
Fof erence to M@fmvﬁwmﬁﬁ?ﬁ@%ﬁ@ﬁ#ﬁgﬁts‘?"n'o reans

restricted tq such specific Exanples. 26 EXAMPLE 1 PREPARATI ON OF
ORGANOVAGNESIEMYTHP WHl CH A SECONDARY  HYDROCARBON GROUP AND A MAGNESI UM ATOM

ARE DI RECTLY BONDED. 5 5 0 nmet al na eS|un1 nd 1.60 L of
dry di et hyl ether5§\e?‘egcﬁ%r%gd‘%‘?%g 05 rngff%L TRGRREHIR) 988 1 eql BpBd with a

dropping funnc%.l*y agfet?hyfceht?lﬂri]elrgav!ler%léﬂggged in a 2 L four-necked flask
equipped with a dropping funnel and a mechanical stirrer
in a stream of nitrogen, and cooled to 0°C. A solution
having 246 g (2.00 mol) of isopropy bromide diluted with

10 200 ml of dry diethyl ether was dropwise added thereto
with stirring over a period of 100 minutes, and reaction
was carried out at room temperature for 14 hours to
obtain a diethyl ether solution of isopropyl magnesium
bromide.

15 PREPARATION OF ORGANOSILANE COMPOUND HAVING SUCH A
STRUCTURE THAT A SECONDARY HYDROCARBON GROUP AND A VINYL
GROUP ARE DIRECTLY BONDED TO A SILICON ATOM

206 g (1.39 mol) of vinyl trimethoxysilane and 300
ml of dry diethyl ether were charged in a 2 L four-necked

20 flask equipped with a dropping funnel and a mechanical
stirrer in a stream of nitrogen, and cooled to 0°C. 1.67
mol of the above prepared diethyl ether solution of
isopropyl magnesium bromide was dropwise added thereto
with stirring over a period of 120 minutes, and reaction

25 was carried out at room temperature for 2 hours. After
completion of the reaction, magnesium methoxide residue

as a by-product was removed by filtration, and the



in a streamof nitrogen, and cooled to OC. A solution having 246 g (2.00
~nmol) of isopropy bromde diluted with 10 200 M of dry diethyl ether was
dropwi se added thereto wth stirring over a period of 100 m nutes, and
reaction was carried out at roomtenperature for 14 hours to obtain a

di et hyl ether solution of isopropyl nmagnesium brom de. 15 PREPARATI ON OF
ORGANCSI LANE COVPOUND HAVI NG SUCH A STRUCTURE THAT A SECONDARY HYDROCARBON
GROUP AND A VINYL GROUP ARE DI RECTLY BONDED TO A SI LI CON ATOM 206 g (1.39

mol ) of vi nylordisRIN PeYSIdAne m_ép&iﬁe&fumard}é&@aéd%ﬁgs dégt&harged

in a2 L four-necked 20 flask equipped with a dropping funnel an

mechani cal  stiga8h 1118 St IEHB LM | rPPelk o Ub oA B & tndGhosly 811280 Of
t he above prepared diethyl ether solution of 1sopropyl nagnesium bromn de

was dropw se ;added atitﬁgqetﬁodﬂg@. Stiny inglcav%,rasa gderggod of 120 minutes, and
reaction 25 was carried out at roomtenperature for 2 hours. After

compl eti on of t hepyeantdtik o dROSSEYBH IPLEOKA ARe ERSLPMELaAS Faby- Product was

renoved by filtration, and the alned filtrate was distilled under

reduced pgesﬁ-}{(ﬁh}z%d%}?hﬂmiﬁl, Bt Q882! dc Afs, and the results

i sopropylvin net hoxysil ane 'as an ainmed product. The yield was 63.5% The
i sol ated i soRfYlad Mddidget hoxysil ane was 5 anal yzed by 1H NVR, 13C NMR and
GC-MS, and the results were as follows.

'H-NMR: 51.07 ppm (s,6H,2CH;), 51.08 ppm (s,1H,CH),
53.62 ppm (s, 6H,20CH;), 05.95-6.30 ppm (m,3H,CH=CH;)
BCc-NMR: 512.0 ppm, 16.7 ppm, 50.7 ppm, 3130.2 ppm,
10 3136.4 ppm
GC-MS: Mw=160, C+H160,S1i
Further, the moisture and magnesium contents in 100
g of the obtained isopropylvinyldimethoxysilane were
measured by means of a Karl Fischer moisture meter and
15 ICP-MS (inductively coupled plasma mass spectrometer,
manufactured by Yokogawa Analytical Systems, Inc.,
tradename “HP4500”) and as a result, H;0=5 ppm and Mg<1l0
ppb, and the obtained product was useful as a material
for insulating film.
20 EXAMPLE 2
PREPARATION OF ORGANOSILANE COMPOUND HAVING SUCH A
STRUCTURE THAT TWO VINYL GROUPS ARE DIRECTLY BONDED TO A
SILICON ATOM
306 g (2.00 mol) of divinyldichlorosilane, 539 g
25 (4.80 mol) of potassium tert-butoxide and 3.0 L of dry
hexane were charged in a 5 L four-necked flask equipped

with a dropping funnel and a mechanical stirrer in a



1H-NVR 51.07 ppm (s, 6H 2CH3), 61.08 ppm (s, 1H CH 53.62 ppm (s, 6H 20CH3),
55.95-6.30 ppm (m 3H, CH=CH2) 13C-NVR 512.0 ppm 16.7 ppm 50.7 ppm 5130.2
ppm 10 5136.4 ppm GC-Ms: Ma=160, C7/H16Q2Si Further, the noisture and
magnesi um contents in 100 g of the obtained isopropylvinyldi nethoxysil ane
were neasured by neans of a Karl Fischer noisture neter and 15 | CP- M5

(i nductively coupl ed plasna nass spectrorrg er, manufactured by Yokogawa
Anal ytical Systenms, Inc., tradenane "HP4500") and as a result, H20=5 ppm

and MJ<10 pRRreand dihe itiiydied MO - ash Used Whaasi &g neterigt 19or
insulating film 20 EXAMPLE 2 PREPARATI ON OF ORGANCSI LANE COVPOUND HAVI NG

SUCH A STRUGEURE TiE rTWE MY Ly {EROWRS ARE. DinREGH ¥ JRMRR oHO fF t3ld-| CON
ATOM 306 g (2.00 nol) of divinyldichlorosilane, 539 g 25 (4.80 nol) of

pot assi um t ertRUtiN de ARt Sibh leipfoifde A8XANE VB 6 CHALGLShAL ayas L
four-necked flask equipped wth a dropping funnel and a nechanical stirrer

in a 28 streaMdifedlidy Gdatr AU Sahid WhdBSoEAM e S0E OLErd 08 s hours
under reflux with hexane. After conpletion of the reaction, potassium

chloride ¢esigdug ias & Mindoducduvas presmved by dpddiation. gapd {he
obtained filtrate was 5 distilled under reduced pressure to obtain 257 g

(1.13 mol) of divinyl di-tert-butoxysilane as an aimed product.
The yield was 56.5%.
The isolated divinyl di-tert-butoxysilane was
analyzed by 'H-NMR and GC-MS, and the results were as
10 follows.
'H-NMR: &1.39 ppm (s,18H,2°Bu0), 85.87-6.28 ppm
{(m, 6H, 2CH=CH;)
GC-MS: Mw=228, C;H240,S1
Further, the moisture and potassium contents in 100
15 g of the obtained divinyl di-tert-butoxysilane were
measured by means of a Karl Fischer moisture meter and
ICP-MS (inductively coupled plasma mass spectrometer,
manufactured by Yokogawa Analytical Systems, Inc.,
tradename “HP4500”) and as a result, H;0=4 ppm and K<10
20 ppb, and the obtained product was useful as a material
for insulating film.
EXAMPLE 3
PREPARATION OF ORGANOSILOXANE COMPOUND HAVING SUCH A
STRUCTURE THAT A SECONDARY HYDROCARBON GROUP AND A VINYL
25 GROUP ARE DIRECTLY BONDED TO A SILICON ATOM
500 g (3.09 mol) of isopropylvinyldimethoxysilane,

556 g {(30.9 mol) of pure water, 152 g (1.55 mol) of



nol) of divinyl di-tert-butoxysilane as an ainmed product. The yield was

- 56.5% The isolated divinyl di-tert-butoxysilane was analyzed by 'H NVR and
GC-Ms, and the results were as 10 follows. 1H NVR 51.39 ppm (s, 18H, 2t BuO

, 65.87-6.28 ppm (m 6H, 2CH=CH2) GC-Ms: Mn=228, Cl2H242Si Furt her,
noi sture and potassiumcontents in 100 15 g of the obtained divinyl

di -tert-butoxysilane were neasured by neggs of a Karl Fischer noistur

met er and

| CP- M5 (inductively coupled plasSnma nmass spectroneter

manuf act ur ed Iy rGkQIawa Faly/td cad SYst el rdiifdrorhFAdeRare chiPAg88”

as a result,
as a material;p fors itnsgd gt i kdd 1 E25AMR

t he
e

) and

H20=4 ppm and K<10 20 ppb, and the obtai ned product was useful
EREPAFRTA Ghb ra FRGANCSI LOXANE

COMPOUND HAVI'NG SUCH A~ STRUCTURE THAT AcggégﬁDARY HYDROCARBON GROUP AND A
VINYL 25 CGRQUR ARE DI BANRER O 3t {d D ATEM: 5P0n Guf 3ulgepol ) Of

i sopropyl vi

nyldlnethoxy5|lane 556 g (30.9 nol) of pure water, 152 g

(1.55

mol ) of 29 sudfuntc aghd apdm1@Q ilbnObft %h@a&%rccﬁlw@nﬂﬁfearﬁl%g@& inas
L four-necked flask equi pped with a mechani cal stirrer, and reaction

carried oyt fardl dwddi MNKeroff efaA&XtheAf&@@aml@fg&rh@flép@rrﬁéstIon THE

and wat er
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25

dried by molecular sieves. After drying, 255 g (0.746
mol) of 1,3,5-triisopropyl-1,3,5-trivinylcyclotrisiloxane
as an aimed product was obtained from the organic layer
by distillation under reduced pressure. The yield was
24.1%, and the conversion ratio of
isopropylvinyldimethoxysilane was 72.4%.

The isolated 1,3,5-triisopropyl-1,3,5-
trivinylcyclotrisiloxane was analyzed by 'H-NMR and GC-
MS, and the results were as follows.

'H-NMR: 81.05-1.14 (m,21H,'Pr), 55.88-6.23 ppm
(m, 9H, CH=CH,)

BC-NMR: &14.4 ppm, 514.5 ppm, 516.3 ppm, 5133.1 ppm,
5133.2 ppm, 5133.4 ppm, 6134.6 ppm, ©6134.8 ppm, 8135.0
ppm

GC-MS: Mw=342, CisH3q03Si;

Further, moisture and magnesium contents in 100 g of
the obtained 1,3,5-triisopropyl-1,3,5-
trivinylcyclotrisiloxane were measured by means of a Karl
Fischer moisture meter and ICP-MS (inductively coupled
plasma mass spectrometer, manufactured by Yokogawa
Analytical Systems, Inc., tradename “HP4500”) and as a

result, H;O0=8 ppm and Mg<l0 ppb, and the obtained product

was



5 were distilled off, and the obtained organic |ayer was dried by nol ecul ar
~sieves. After drying, 255 g (0.746 nol) of
1,3,5-triisopropyl-1,3,5-trivinylcyclotrisiloxane as an ained product was
obtained fromthe organic layer by distillation under reduced pressure. The
yield was 10 24.1% and the conversion ratio of

i sopropyl vi nyl di net hoxysi | ane was 72. 4% ghe i sol ated
1,3,5-triisopropyl-1,3,5 trivinylcyclotrié | oxane was anal yzed by 1H NMR and

GC- Ms, and r S re [0 ! ;tii@@ﬁ .Qb-1.14 (m 21H, Pr),
55. 88- 6. 23 p%%% %ﬁﬂi%}%%ﬁbfﬁﬁf%%d%Q¥%ﬁiﬁl ppm 5 ppm 516.3 ppm
6133.1 ppm £§$%§g%é%pn1 6133.4 ppm 6134.6 ppm 5134.8 ppm 5135.0 ppm 20
GC- M. Mn=342Z, 3Si 3 Further, noisture and magnesi um contents in 100 g

f th bt ai ned =t -1, 3:.5- I V4 i Si
(r)n::asurgdObyalmggtnsljﬁm?‘c }ge léér%esqgrgg#erésm}%t%%éeﬂl%%gé C%’?\%%%:D%Q??ggu tir\e/el y
| ed 25 pl t , f N l ytical
Systens, T, R Rl e SRt 1RO IRE w10
ppb, and the; I §n§g%g§ éﬂoéMﬁb}Fq; | as a material for insulating

film VPL n the sa manner as in anpl e 6 except that 458 g
isopropylvinyldimethoxysilane in Example 3, 1,3,5-

triisopropy1—1,3,5—£rimethylcyclotrisiloxane was
produced. The yield was 25.3%, and the conversion ratio
of isopropylmethyldimethoxysilane was 75.8%.

10 The isolated 1,3,5-triisopropyl-1,3,5-
trimethylcyclotrisiloxane was analyzed by H-NMR, *C-NMR
and GC-MS, and the results were as follows.

'"H-NMR: 50.197-0.213 ppm (m,9H,CH;), 51.06-1.10
(m,21H, *Pr),

15 BCc-NMR: 815.3 ppm, 515.5 ppm, 516.4 ppm, 516.5 ppm

GC-MS: Mw=306, Ci3H3303Si;

Further, moisture and magnesium contents in 100 g of
the obtained 1,3,5-triisopropyl-1,3,5-
trimethylcyclotrisiloxane were measured by means of a

20 Karl Fischer moisture meter and ICP-MS (inductively
coupled plasma mass spectrometer, manufactured by
Yokogawa Analytical Systems, Inc., tradename “HP4500")
and as a result, Hy;0=9 ppm and Mg<l0 ppb, and the
obtained product was useful as a material for insulating

25  film.

EXAMPLE 5

PREPARATION OF ORGANOSILOXANE COMPOUND HAVING SUCH A



(309 nol) of isopropyl nethyl di met hoxysil ane was used 5 instead of 500 g
(3.09 nol) of isopropylvinyldinethoxysilane in Exanple 3, 1, 3,5-
triisopropyl-1,3,5-trinmethylcyclotrisiloxane was produced. The yield was
25.3% and the conversion ratio of isopropyl nmethyl di net hoxysil ane was
75.8% 10 The isolated 1,3,5-triisopropyl-1,3,5- trinmethylcyclotrisiloxane
was anal yzed by 1H NMR, 13C-NMR and GC- 1 and the results were as follows.
1H NVR 50.197-0.213 ppm (m9H, CH3), 61.06-1.10 (m21H 'Pr), 15 13C NWR

515.3 ppm 5335[‘R'§JcpﬁfﬁdE 6 PRANEL GROBP S %ﬂ‘ﬁﬂ?ﬁ"ﬁ%’tﬁ\g@'ﬂ 125BPOBSI 3

Further, noisture and magnesium contents in 100 g o obt ai ned
1,3,5-triiso oxbmrcr trimethylcyclotrisiloxane were measured by neans
of a 20 Karl Fischer nolsture neter and I CP-MS (inductively coupled plasna

nmass spectroneter a r Ilf@gpg\@,,@@@} i ga t | pc. ,
tradengrre " HP45001')£@6]a;1% g@syfﬁgg%i t(,yP =9 ppm aﬁ%ﬁﬁgiiggpgﬁ%gdgt he

obt ai ned pro t ysaf i i 4 i _fd EXAMPLE 5
PREPARATI ON %’Cld:zvc%m& LO%N@%VP%%D &H{Aa\ff NS S%§CIL-JIA 2 3?%%%%{]% THAT A
VINYL GROJP Iﬁ%ﬁ%\ﬁw%ﬂ_% 'Qiro%ﬁ:!xg]\flﬁum and a mechanical

stirrer in a stream of nitrogen, 500 g (3.27 mol) of
divinyldichlorosilane was dropwise added thereto from the
dropping funnel at room temperature over a period of 1
hour, and reaction was carried out further for 1 hour.
10 After completion of the reaction,
octavinylcyclotetrasiloxane as an aimed product was
extracted with 1.0 L of n-pentane, and the obtained n-
pentane layer was dried by molecular sieves. After
drying, 144 g (0.368 mol) of octavinylcyclotetrasiloxane
15 as an aimed product was obtained from the pentane layer
by distillation under reduced pressure. The yield was
11.3%, and the conversion ratio of divinyldichlorosilane
was 45.0%.
The isolated octavinylcyclotetrasiloxane was
20 analyzed by 'H-NMR and GC-MS, and the results were as
follows.
'H-NMR: 55.90-6.32 ppm (m,CH=CH,)
GC-MS: Mw=392, C316H,40451i,
Further, moisture and magnesium contents in 100 g of
25 the obtained octavinylcyclotetrasiloxane were measured by
means of a Karl Fischer moisture meter and ICP-MS

(inductively coupled plasma mass spectrometer,



1,250 g (69.4 nol) of pure water and 1,250 g (16.9 nol) of tert-butanol
were charged in a 5 L four-necked 5 flask equipped with a dropping funnel
and a nmechanical stirrer in a streamof nitrogen, 500 g (3.27 nol) of

di vi nyl di chl orosi | ane was dropwi se added thereto fromthe dropping funnel
at roomtenperature over a period of 1 hour, and reaction was carried out
further for 1 hour. 10 After conpletion ogzthe reaction,

octavi nyl cycl otetrasi |l oxane as an ai ned product was extracted with 1.0 L of

n- pent ane, a%ﬁd&%cg&h%lgéa;g% Ny RSPAN Al AR i UBS dlfd etk by fRbecul ar sieves.

After drying, 144 ( nol ) of octavi'nyl cyclotetrasiloxane 15 as an
ai med product. Mag &l NeshfdeN e pedtanced aver ne it | gy under

reduced pressure. The yield was 11.3% and the conversion rati o of

di vi nyl di chl g50si 1408 tNeSorE 0% Todnot abedl wed Ayl nyd cychot et {asi | oxane
was 20 anal yzéd by 1H NMR and GC-Ms, and the results were as foll ows.

1H-NVR 55. 9G&- 3, pmdMfHIR) GG MS: Ma=392, CL6H2404Si 4 Furt her

noi sture and nagnesi um contents in 100 g of 25 the obtained

oct avi nyl eyclmtmisasid oxane were neasured by means of a Karl Fischer

noi sture neter and I1CP-M5 (inductively coupled plasma nass spectroneter, 32

manuf act ur ed fREPOKOSIENR AN ANGS T IRYSIGIECOMPOUND HAVING SUCH A
STRUCTURE THAT A VINYL GROUP AND AN ALKYL GROUP ARE
DIRECTLY BONDED TO A SILICON ATOM

In the same manner as in Example 5 except that 500 g

10 (3.55 mol) of vinylmethyldichlorosilane was used instead
of 500 g (3.27 mol) of divinyldichlorosilane in Example
5, 1,3,5,7-tetravinyl-1,3,5,7-
tetramethylcyclotetrasiloxane was produced. The yield
was 16.5%, and the conversion ratio of

15 vinylmethyldichlorosilane was 66.0%.

The isolated 1,3,5,7-tetravinyl-1,3,5,7-
tetramethylcyclotetrasiloxane was analyzed by ‘H-NMR and
GC-MS, and the results were as follows.

'H-NMR: 80.255-0.290 ppm (m, 12H,CH;) 55.90-6.32 ppm

20  (m,12H,CH=CH,)

GC-MS: Mw=344, C;,H2404S81,

Further, moisture and magnesium contents in 100 g of
the obtained 1,3,5,7-tetravinyl-1,3,5,7-
tetramethylcyclotetrasiloxane were measured by means of a

25 Karl Fischer moisture meter and ICP-MS (inductively
coupled plasma mass spectrometer, manufactured by

Yokogawa Analytical Systems, Inc., tradename “HP4500")



tradenane "HP4500") and as a result, H20=9 ppm and Mg<10 ppb, and the
_obt ai ned product was useful as a material for insulating film 5 EXAMPLE 6
PREPARATI ON OF ORGANCSI LOXANE COVPOUND HAVI NG SUCH A STRUCTURE THAT A VI NYL
GROUP AND AN ALKYL GROUP ARE DI RECTLY BONDED TO A SILICON ATOM I n the sane
manner as in Exanple 5 except that 500 g 10 (3.55 nol) of

vi nyl net hyl di chl orosi | ane was used i nstea of 500 g (3.27 nol) of

di vinyl di chl orosilane in Exanple 5, 1,3,5,7-tetravinyl-1I,3,5,7

tetranet hyl cysl@ted rasiéoxane Mas=Prsvcad Mdhelryighl, aes 485% and the
conversion ratio of 15 vinylnmethyldichlorosilane was 66. 0% The isol ated

1,3,5 7-tetraptwindd d3pa_5oc7uct elaanesbyhtyskohehhasih gxafervassanakyagd by
1H-NWVR and GC-MsS, and the results were as follows. 1H NVR 50.255-0.290 ppm

(m 12H, CH3) £6100-6.32 ppm 20 (m 12H, CH=CH2) GC- M5: Ma=344, Cl2H24M4Si 4
Furt her, noisture and magnesi um contents in 100 g of the obtained

1,3,5, 7-tetraygxybrd, B, 5, 7- tetranet hyl cycl otetrasil oxane were neasured by
means of a 25 Karl Fischer noisture nmeter and | CP-MS (inductively coupled
pl asma mass spextManedEYMERBDAT@OKUred by Yokogawa Anal ytical Systens,

Inc., tradenane "HP4500") 33
Using a plasma polymerization equipment NL-OP50FT
manufactured by Nippon Laser Electronics Co., divinyl di-
tert-butoxysilane was subjected to plasma polymerization
under a discharge voltage of 2.1 kV at a discharge
10 current of 5.0 mA under a divinyl di-tert-butoxysilane
partial pressure of 0.7 torr at room temperature for a
polymerization (discharge) time of 12 minutes, and a film
thereof was formed on a silicon substrate. The results
are shown below.
15 Film formation rate: 46.7 nm/min.
Thin film composition (XPS)
C=41.3 at%, 0=36.7 at%, Si=22.0 at$%,
C/Si=1.88 atomic ratio,
0/8i=1.67 atomic ratio
20 Observation of thin film cross section by SEM:
Flat dense film
The film was a thin film having a high proportion of
carbon (organic substituent) relative to silicon,
suitable as a material for insulating film.
25 COMPARATIVE EXAMPLE 1

Film formation by plasma polymerization was carried

out on a silicon substrate in the same manner as in



and as a result, H20=9 ppm and My<10 ppb, and the obtained product was
~useful as a material for insulating film EXAMPLE 7 5 PLASMA POLYMERI ZATI ON
Using a plasma pol ynmeri zati on equi pnent NL- OP50FT nanufactured by Ni ppon
Laser Electronics Co., divinyl di- tert-butoxysilane was subjected to plasma
pol ymeri zati on under a discharge voltage of 2.1 kV at a discharge 10
current of 5.0 mA under a divinyl di-tert-hutoxysilane partial pressure of
0.7 torr at roomtenperature for a polyneérization (discharge) tine of 12

mnutes, and @ didia 1 heredbe vagat oam&wlalﬁéthsgpsﬂaﬁér@a@ usbg gesults
are shomn below. 15 Filmformation rate: 46.7 nmimn. Thin film conposition

(XPS) C=41. 3 @dmdrifery @ e PTlmdrstdd. Gnd Hedid & RS é}?&b&
Q' Si=1.67 atomic ratio 20 Qbservation of thin filmcross section by SEM

Fl at dense fiddndhe filmwas a thin filmhaving a high proportion of carbon
(organic substituent) relative to silicon, suitable as a material for

insulating film 251FOMPARAMIYE EXAMPLEQ1gFhipmfiar mation by plasma

pol ymeri zation was carried out on a silicon substrate in the sane manner as
I'n 5 Thin film composition (XPS)

C=32.2 at%, 0=40.6 at%, Si=27.1 at$%
C/Si=1.19 atomic ratio,
0/5i=1.50 atomic ratio
Observation of thin film cross section by SEM:
10 Flat dense film
The film formation rate was low and the proportion
of carbon (organic substituent) relative to silicon was
low as compared with Example 7, and only a thin film
unsuitable as a material for insulating film was
15 obtained.
EXAMPLE 8
PLASMA POLYMERIZATION
Film formation by plasma polymerization was carried
out on a silicon substrate in the same manner as in
20 Example 7 except that isopropylvinyldimethoxysilane was
used as the monomer to be polymerized. The results are
shown below.
Film formation rate: 100 nm/min.
Thin film composition (XPS)
25 C=56.6 at%, 0=25.1 at%, Si=18.3 at%
C/Si=3.09 atomic ratio,

0/Si=1.37 atomic ratio



34 Exanple 7 except that dinethyldinethoxysilane was used as the nononer
.to be polynerized. The results are shown below. Filmformation rate: 10.8
nmmn., 5 Thin filmconposition (XPS) C=32.2 at% 0=40.6 at% Si=27.1 at%
C/ Si=1.19 atomic ratio, O Si=1.50 atom c ratio Observation of thin film
cross section by SEM 10 Flat dense filmThe filmformation rate was | ow
and the proportion of carbon (organic substituent) relative to silicon was
| ow as conpared with Exanple 7, and only a%hin film unsuitable as a

material for insul t|n fi.l m 5.0 ined. EXAMPLE 8 PL

POLYNERI ZATI ON Fi PRSESM kLS '%115’5%;} SRS 245 TGP ey ?ﬁ‘% ed out on a
silicon substrate in thg grr@ manner. .as in 20 Exanple 7 except that

i sopropyl vi nyl di net hoxy ilf"l RES &s}g‘d as the nononer to be pol ynerized.

The results are %E‘@ ellovg Fi.lm formati %t Ovnn1m Thin film
conposi tion (XPS) e—ééléitélﬂ‘%a.slaat l?é“%’ tl‘%g@ i 09 atomic
ratio, proportion of carbon (organic substituent) relative to
5 silicon, suitable as a material for insulating film.
EXAMPLE 9
PLASMA POLYMERIZATION
Film formation by plasma polymerization was carried
out on a silicon substrate in the same manner as in
10 Example 7 except that 1,3,5,7-tetravinyl-1,3,5,7-
tetramethylcyclotetrasiloxane was used as the monomer to
be polymerized. The results are shown below.
Film formation rate: 153 nm/min.
Thin film composition (XPS)
15 C=58.7 at%, 0=20.9 at%, Si=20.4 at%
C/Si=2.88 atomic ratio,
0/S81i=1.02 atomic ratio
Observation of thin film cross section by SEM:
Flat dense film
20 The obtained film was a thin film having a high
proportion of carbon (organic substituent) relative to
silicon, suitable as a material for insulating film.
Further, the 0/Si=1.00 atomic ratio in the monomer was
maintained, and it is suggested that the monomer cyclic

25 structure was malintained.



Q' Si=1.37 atomic ratio 35 Qbservation of thin filmcross section by SEM
_Flat dense film The obtained filmwas a thin filmhaving a high proportion
of carbon (organic substituent) relative to 5 silicon, suitable as a
material for insulating film EXAMPLE 9 PLASVMA POLYMERI ZATI ON Fi | m
formati on by plasma pol ynerization was carried out on a silicon substrate
in the sanme manner as in 10 Exanple 7 excegpt that

1,3,5 7-tetravinyl-1,3,5,7- tetranet hyl cyClotetrasil oxane was used as the
mononer to kg p@rarg zed. The results are shown below. Filmformation
rate: 153 nmmn. Thin filmconposition (XPS) 15 C=58.7 at% 0=20.9 at%

Si =20. 4 at % gepohviad o wtigaraiy 0, O Si=1.02 atomc ratio Oobservation of
thin filmcross section by SEM Flat dense film 20 The obtained filmwas a

thin filmhaving @ 1 gfbrr%t@?&ﬁtby@"bPésrﬁ@@&M@fﬂﬁQtEoﬁuﬁéé' Lugpidgrel ative
to silicon, suitable as a material for insulating film Further, the

Q'Si =1. 00 at {C Jrpld & TEddie ST RS s mér&a%h@erﬁan@&d i4 i suggested
that the nononmer cyclic 25 structure was mai ntai ned

5 Example 7 except that l,3,5-trllsopropyl—l,3,5-
trivinylcyclotrisiloxane was used as the monomer to be
polymerized. The results are shown below.

Film formation rate: 215 nm/min.
Thin film composition (XPS)
10 C=68.5 at%, 0=15.8 at%, Si=15.7 at%
C/8i=4.36 atomic ratio,
0/8i=1.01 atomic ratio
Observation of thin film cross section by SEM:
Flat dense film

15 The obtained film was a thin film having a higher
proportion of carbon (organic substituent) relative to
silicon than Example 9, suitable as a material for
insulating film. Further, the 0/5i=1.00 atomic ratio in
the monomer was maintained, and it is suggested that the

20 monomer cyclic structure was maintained.

EXAMPLE 11
PLASMA POLYMERIZATION

Film formation by plasma polymerization was carried
out on a silicon substrate in the same manner as in

25 Example 7 except that 1,3,5-triisopropyl-1,3,5-
trimethylcyclotrisiloxane was used as the monomer to be

polymerized. The results are shown below.



36 EXAMPLE 10 PLASMA POLYMERI ZATION Fil m formation by plasnma pol yneri zation
.was carried out on a silicon substrate in the sanme manner as in 5 Exanple 7
except that 1,3,5-triisopropyl-1,3,5- trivinylcyclotrisiloxane was used as

t he nononer to be polynerized. The results are shown below. Filmformation
rate: 215 nmmn. Thin filmconposition (XPS) 10 C=68.5 at% 0=15.8 at%
Si=15.7 at% C/ Si=4.36 atomc ratio, O Si L 01 atomc ratio Observation of
thin filmcross section by SEM Flat dense film 15 The obtained filmwas a

thin film having @l@hghgfmagggﬁoggtgn Qﬁ7cgﬁbgmn(organ|c substituent)
relative to silicon than Exanple 9, suitable as a material for insulating

film Further, thenO,SETin0004 gg&glgﬁtqugp t he nmononer was nmi nt ai ned,
and it is suggested that the 20 nonomer cyclic structure was naintai ned.

EXAMPLE 11 PLASNMA POLYMEREZAd P& Fi bopfof ngtgongby pl asgrgpol ymeri zati on was
carried out on a silicon substrate in the same mannér as in 25 Exanple 7

except that 1,3,5-triisepsopyl1d, 3romitrigeiPYy!l cyclotrisiloxane was used as
t he mononer to be

5 0/8i=1.05 atomic ratio
Observation of thin film cross section by SEM:
Flat dense film
The obtained film was a thin film having a higher
proportion of carbon (organic substituent) relative to
10 silicon than Example 9, suitable as a material for
insulating film. Further, the 0/Si=1.00 atomic ratio in
the monomer was maintained, and it is suggested that the

monomer cyclic structure was maintained.

15 INDUSTRIAL APPLICABILITY
According to the present invention, the following

remarkable effects will be obtained. Namely, as the
first effect of the present invention, a material having
a low dielectric constant and high mechanical strength

20 can be provided as a low dielectric constant material for
an interlayer insulating film of a semiconductor device,
by using an organosilane compound and/or an
organosiloxane compound having such a structure that a
secondary hydrocarbon group and/or an alkenyl group is

25 directly bonded to a silicon atom of the present
invention. Further, according to the present invention,

an organosilane compound and/or an organosiloxane



pol ymerized. The results are shown below. 37 Filmformation rate: 117
.nmmn Thin fil mconposition (XPS) C=60.8 at% 0=20.1 at% Si=19.1 at%
C/ Si =3.18 atomic ratio, 5 O Si=1.05 atom c ratio Observation of thin film
cross section by SEM Flat dense film The obtained filmwas a thin film
havi ng a higher proportion of carbon (organic substituent) relative to 10
silicon than Exanple 9, suitable as a matggial for insulating film Further,
the O Si=1.00 atomic ratio in the nononmer was maintained, and it is

suggest ed t halordtind"ORBAEg GAEHH G SEHHEd e VaSa tTed Nt drediary S | NDUSTRI AL
APPLI CABI LI TY According to the present invention, the follow ng remarkable

effects w | Heirdasmd ghapland Asr tdie afidmyl ejfees D dheePEBFeENt

invention, a materi al haV| ng a lowdielectric constant and hi gh nechani cal

strength 20 gRyhde®l RO dedl Bsord 4@ diedSplT | £s coNBdEatigmt 5+ al for an
interlayer insulating filmof a sem conduct or devi ce, by using an

or ganosi | ane jGRHEYOHEL 12 NH Q] B n I BRI Shyr OX PIRCED NROLHEd hayaRdbsuch a
structure that a secondary hydrocarbon group and/or an al kenyl group is 25

directly bondetk it eéntSiy |§mﬁ@ﬂn@itﬁ hei g qsmtyl nvention. Further,
according to the present invention,



an organosil ane conpound and/ or an organosil oxane 38 conpound havi ng such a
structure that a secondary hydrocarbon group and/or an al kenyl group is
directly bonded to a silicon atom useful as a material for interlayer
insulating filmby a PECVD nethod, can be s efficiently produced with high
purity. 39 CLAIMS 1. A material for insulating filmconprising an
organosilicon conpound of one of the followng fornulae (1), (2) and (4),
fromwhich an insulating filmis formed by 5 chem cal vapor deposition of

t he organosilicon conpound: an organosi FeA&MEonpound represented by the
formula (1) having such a structure that a secondary hydrocarbon group and
an al kenyl grbup arwatpréedl fosorndedlesing il sromnwiaing jarsl R3n( ORQ) 4
(mn) 2 10 R'n fornula (1) wherein each of Rl and R2 represents a Cl_20
hydr ocarbon grgapesik3icepr esamouing OF Zmehyafr ddw bioml kpwino hovimglae | east
one al kenyl group, or an al kenyl group and an aryl group, R4 represents a
Cl-10 hydrocafbbn gRdbupndr (4)15 firpdr vgéshagomi nsuleplagerdftid mn § rfteagead 4ty

fromlto 2, n represents an integer of from1l to 2, and mrn represents an
i nteger ofs frohepirel3vapor deposition of the organosilicon compound:

an organosilane compound represented by the formula
(1) having such a structure that a secondary hydrocarbon

group and an alkenyl group are directly bonded to a

silicon atom:

R1
HC SIR%(ORM a=(rim)

RZ
10 m formula (1)

wherein each of R! and R® represents a Ci.zp hydrocarbon
group, rR® represents a Ci;-3p hydrocarbon group having at
least one alkenyl group, or an alkenyl group and an aryl
group, r* represents a c1;0 hydrocarbon group or a
15 hydrogen atom, m represents an integer of from 1 to 2, n
represents an integer of from 1 to 2, and m+n represents
an integer of from 2 to 3;
an organosiloxane compound represented by the formula
(2) having such a structure that a secondary hydrocarbon
20 group is directly bonded to a silicon atom:
R!
RZ—CIH R®

{_\s(_osg

formula (2)




an organosi |l oxane conmpound represented by the fornula (2) having such a
structure that a secondary hydrocarbon 20 group is directly bonded to a
silicon atom R R2-CHR5 Si-Ox formula (2) 40 wherein RL and R2 are as
defined above, R5 represents a Cl1_20 hydrocarbon group or a hydrogen atom
and x represents an integer of 2 or above; an organosil oxane conpound
represented by the formula 5 (4) having sith a structure that a vinyl group
is directly bonded to a S|I|con atom Si- Oformula (4) wherein R7
represents ondefein B 2maIRYy largr agp defriner) afidueny IR gremy esedhtan aar yl
group, and x is as defined above. 2. The material for insulating film
accordi ng to @-z hydrocamdosi grone $ecendwidrdgaly edamborary oup in t he
formula (1) and/or (2) is isopropyl, sec-butyl, cyclopentyl, cyclohexyl,
cycl ohexenyl xﬂpmg@¢mpen@adneh9ger30fTﬁeOWaapraL for |nsulat|ng film
according to Claim 15 1, wherein a vinyl group and an isopropyl group are
bonded to the sanensbriyanasilomans theppondukeptépented by the formula

5 (4) having such a structure that a vinyl group is

directly bonded to a silicon atom:
=\R7
/
(Si 0)
X

wherein R’ represents one of a Ci_30 alkyl group, an

formula (4)

10 alkenyl group and an aryl group, and x is as defined
above.
2. The material for insulating film according to Claim
1, wherein the secondary hydrocarbon group in the formula
(1) and/or (2) is isopropyl, sec-butyl, cyclopentyl,
cyclohexyl, cyclohexenyl or cyclopentadienyl.
3. The material for insulating film according to Claim
15 1, wherein a vinyl group and an isopropyl group are
bonded to the same silicon atom in the formula (1) or

(2) .

20



(2) 20 41 4. The material for insulating filmaccording to aim 1,
wherein the organosilicon conpound of the fornula (1) and/or (2) is one of
i sopropyl vi nyl di net hoxysi | ane, i sopropyl vinyl di et hoxysi | ane,
1,3,5-triisopropyl-1,3,5 5 trivinylcyclotrisiloxane,

1,3,5, 7-tetraisopropyl-1,3,5,7- tetravinyl cyclotetrasil oxane and 1, 3,5, 7, 9-
pentaisopropyl-1,3,5,7,9-pentavinylcyclopi tasil oxane. 5. The material for
insulating filmaccording to Claim 1, whi*ch has a content of inpurities

carbon. oxygdi albryIant oion s THER R ShE RS- Rl e b Pl ' o
fo G aim 1 vhdBtb i i etiandlE L Smpding VL' B ol TFER e
chem cal vabatuishoetd) o (SO [ dopAgpiboddayaietlislonde o L
mn are as oeriEaahevEy IO RO Bend) LoF €O e tonr il 2 Bompound
representgd €¥4J5H§f6§éfH%fEEEfgﬁgﬂéy(§)3,5,7—tetraisopropyl—l,3,5,7—
tetravinylcyclotetrasiloxane and 1,3,5,7,9-
pentaisopropyl-1,3,5,7,9-pentavinylcyclopentasiloxane.
5. The material for insulating film according to Claim
1, which has a content of impurities derived from
10 reactant materials, which are elements other than
silicon, carbon, oxygen and hydrogen, of less than 10
ppb, and has a moisture content of less than 50 ppm.
6. The material for insulating film according to Claim
1, wherein the chemical vapor deposition is plasma
15 enhanced chemical vapor deposition (PECVD).

7. A method for producing the organocsilane compound

represented by the formula (1) as defined in Claim 1:

RI
HC SiR%,(OR" 4-(m+n)

R2
m formula (1)

wherein R', R?, R}, R*, m, n and m+n are as defined above,
20 which comprises reacting an organic compound represented
by the following formula (5)
R1
HC—X

R? formula (5)



Rl HCGX R2 formula (5) 42 wherein Rl and R2 are as defined above, and X
represents a hydrogen atom a chlorine atom a bromne atomor an i odine
atom with one of organolithium netal lithium granule and netal magnesi um
to produce a conpound in 5 which a secondary hydrocarbon group and a lithium
atomor a magnesiumatomare directly bonded, and reacting the obtained
conpound with a hal ogenated organosilane or a hal ogenat ed

or ganoal koxysi | ane represented by the fokRowing fornmula (6): 10

X pSI R3q(OR4) 4 )p+q) f,ormul a,( é mher in X resents _a _fluorine atom a
chlorine at oMieF ey G ﬁ@daﬁon? £ a %HFH%da?gﬁYeRBaﬁﬁdXR£e§F§S§§t&ef|ned
above, p represents an integer of fron10 to 4, represents an integer of
froml to 2, Sl¥IFRISeFHedbntd T AR HH R G DE GILRMABEON 298 Aon a

hal ogen atom, directly bonded to siljcon rengj q? react%%f an al kali netal
al koxi de repr@éﬂéﬁ’(eetfttﬂm't B 11 A0 Mg F1FaRA L (AU £ s e ¢ hL EREER £ or mul a
(7) 20 wherein M |s an (§|ka|l netal, and R4 IS(fS defi ned aboye, and

carryi ng out SRAMYi& ARDAHA ¥ TR O T RIS oh C%‘Pp%%‘ll‘émi‘Psepar ation.

8. A nethod far, producin nosi |.ane conpound
wh 1é£ a secgkéaryckéﬁiocarbon group and a lithium atom or

a magnesium atom are directly bonded, and reacting the
obtained compound with a halogenated organosilane or a
halogenated organocalkoxysilane represented by the
following formula (6):

10 X' pSiR’G(ORY) 4-(psq  formula (6)
wherein X' represents a fluorine atom, a chlorine atom, a
bromine atom or an iodine atom, R? and R are as defined
above, p represents an integer of from 0 to 4, g
represents an integer of from 1 to 2, and p+g represents

15 an integer of 4 or under, and when a halogen atom
directly bonded to silicon remains, reacting an alkali
metal alkoxide represented by the following formula (7)
therewith:

R*OM formula (7)

20 wherein M is an alkali metal, and R* is as defined above,
and carrying out purification by filtration, distillation
or column separation.

8. A method for producing the organosilane compound

represented by the formula (2) as defined in Claim 1:



represented by the formula (2) as defined in daiml: 43 RlL R2-C1 \ R5 It
Si-0 x fornmula (2) wherein RL, R2 and R5 are as defined above, which
conprises reacting a hal ogenat ed al koxysilane conpound substituted by a
secondary hydrocarbon group, represented 5 by the followi ng fornula (8)
havi ng such a structure that a secondary hydrocarbon group is directly
bonded to a silicon atom R R2-CIH /SuECR4)sX2 s R5 fornula (8) wherein
Rl, R2, R4, R5 and X are as defined above, 3nd s 10 represents an integer
of fromO to 2, with vat er in the presence of an acid or a base. 9. An
insulating fil mforrreo‘iby a PECVD equi pnent using the material for

insulating filmas 4 ne 5|n any one of Cains 1 to 6. 15 10. The

i nsul ati ng f|In1accor Claim9, which has a cyclic siloxane structure
of the organosil oxan , of the formula (2) and/or (4). 11. The
insulating filmaccofa ng to im9 or 10, which

formula (2)

wherein RY, R? and R’ are as defined above, which
comprises reacting a halogenated alkoxysilane compound
substituted by a secondary hydrocarbon group, represented

5 by the following formula (8) having such a structure that
a secondary hydrocarbon group is directly bonded to a

silicon atom:

Rl
I

RZ—CH\
Si(OR®) X -
RS formula (8)

wherein R', R?, R*, R® and X are as defined above, and s
10 represents an integer of from 0 to 2, with water in the
presence of an acid or a base.
9. An insulating film formed by a PECVD equipment using
the material for insulating film as defined in any one of
Claims 1 to 6.
15 10. The insulating film according to Claim 9, which has a
cyclic siloxane structure of the organosiloxane compound
of the formula (2) and/or (4).
11. The insulating film according to Claim 9 or 10, which
is formed into a porous body by subjecting the insulating
20 film to a heat treatment at a temperature of at least a
temperature at which bond between a silicon atom and one

of a secondary hydrocarbon group, an alkyl group, an



is formed into a porous body by subjecting the insulating 20 filmto a heat
treatnment at a tenperature of at |east a tenperature at which bond between a
silicon atom and one of a secondary hydrocarbon group, an al kyl group, an
44 al kenyl group and an aryl group is broken. 12. A sem conductor device
using the insulating filmas defined in any one of Cains 9 to.11.-13-

| sopropyl vi nyl di net hoxysi | ane, isopropyl vinyl di et hoxysil ane,

i sopropyl vinyl-di-tert- butoxysilane, diisgpropylvinylmethoxysil ane,

di i sopropyl vi nyl et hoxysi | ane, diisopropylvinyl-tert- butoxysilane,

'sec-but yl vi ny1didmBfhysihh aaed S8Carbat yreupylidi dirtukersi | ane,

~ sec-butylvinyl-di-tert- butoxysilane, di-sec-butylvinylnmethoxysilane,

di -sec- butyly 3% é@?@@%é@@@ordﬂe§§%ebﬁ%ﬁhﬂ MHe tigidul duingysilanes
1, 3, 5- trllsoprop 5-trivinylcyclotrisil oxane,

1,3,5 7-tetra Sﬂo OpYis s S%ZE Eigt Faviime eydptaet rasi | oxane,

1,3,5,7,9-penta propyl 9-pent avi nyl cycl opent asi | oxane,
1,3,5-tri-sec- butyl-1,3,5-trivinylcyclotrisiloxane, 1,3,5, 7-tetra-sec-
butyl -1, 3,5, 1% et rPé@;E%ﬁ)YB’wlfDﬁ?lﬂ@ﬁél:ﬁ&ﬁ?@il&n&,5 7,9-

pent a-sec-butyl -1, 3,5, 7, 9- pentaV|nylcyclopenta5|loxane

1,3,5-trii Soa@&bﬁ}oﬁyﬁyﬁmaﬂ@tmkw@h@hél sugazs@agylvmyl di-tert-
1,3,5, 7-tetrai sopropyl -1,

butoxy511ane, dllsopropylv1nylmethoxys1lane,
diisopropylvinylethoxysilane, diisopropylvinyl-tert-
butoxysilane,

sec—butylvinyldimethoxysilane, sec-
butylvinyldiethoxysilane, sec-butylvinyl-di-tert-
butoxysilane, di-sec-butylvinylmethoxysilane, di-sec-
butylvinylethoxysilane, di—sec—bufylvinyl—tert—
butoxysilane,

1,3,5-triisopropyl-1,3,5-trivinylcyclotrisiloxane,
1,3,5,7~-tetraisopropyl-1,3,5,7-
tetravinylcyclotetrasiloxane, 1,3,5,7,9-pentaisopropyl-
l,3,5,7,9—pentavinylcyclobentasiloxane, 1,3,5-tri-sec-
butyl-1,3,5-trivinvlcyclotrisiloxane, 1,3,5,7-tetra-sec-
butyl-1,3,5,7-tetravinylcyclotetrasiloxane, 1,3,5,7,9-
penta-sec-butyl-1,3,5,7,9-pentavinylcyclopentasiloxane,
i,3,5—tfiisopropyl—l,3,5—trimethylcyclotrisiloxane,
1,3,5,7-tetraisopropyl-1,3,5,7-
tetramethylcyclotetrasiloxane, 1,3,5,7,9—pentaisopro§yl—
1,3,5,7,9-pentamethylcyclopentasiloxane, 1,3,5- |
triisopropyl-1l,3,5-triethylcyclotrisiloxane, 1,3,5,7-

tetraisopropyl-1,3,5,7-tetraethylcyclotetrasiloxane,



tetranet hyl cycl otetrasil oxane, 1, 3,5, 7, 9-pentai sopropyl -
1,3,5,7,9-pent anet hyl cycl opent asi | oxane, 1, 3, 5-
triisopropyl-1,3,5-triethylcyclotrisiloxane, 1,3,5,7- tetraisopropyl-1, 3,
5, 7-tetraet hyl cycl otetrasil oxane, 45 1,3,5,7,9-pentaisopropyl-1,3,5,7,9-
pent aet hyl cycl opent asi | oxane,
1,3,5-tri-sec-butyl-1,3,5-trinmethylcycddtrisil oxane,
,b,7-tetra-sec-butyl-1,3,5,7- tetranethyl cycl otetrasil oxane,
,5,7,9-penta-sec-butyl- 1, 3,5,7,9-pentanet hyl cycl opent asi | oxane,
5-tri-se¢- 3bgt yl 9L pdnTatidogidogydyc & 19,51 |Pxane, 1,3,5,7-tetra-sec-

I

a

-1,3,5,7-tetraethyl cycl otetrasil oxane and 1, 3,5, 7, 9-
- sec- bubght hedn$l EyR1Ipaimetdiylaieniopent asi | oxane.

T oORRRE

3
3
,3,
uty
ent
1,3,5-tri-sec-butyl-1,3,5-trimethylcyclotrisiloxane,
1,3,5,7-tetra-sec-butyl-1,3,5,7-
tetramethylcyclotetrasiloxane, 1,3,5,7,9-penta-sec-butyl-
1,3,5,7,9-pentamethylcyclopentasiloxane, 1,3,5-tri-sec-
butyl-1,3,5-triethylcyclotrisiloxane, 1,3,5,7-tetra-sec-

butyl-1,3,5,7-tetraethylcyclotetrasiloxane and 1,3,5,7,9-

penta-sec-butyl-1,3,5,7,9-pentaethylcyclopentasiloxane.



