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 filmnaterial used in 10 multilayer interconnect
technology in logic VLSI. Particularly, it relates to a material for
insulating filmconposed of either organosilicon conpound of an

or ganosi | ane conpound and an organosi |l oxane conmpound for plasna

pol ynmeri zation, and its use. 15 BACKGROUND ART In the production technol ogy
inthe field of integrated circuit DESCRIBEIION roni cs i ndustry, 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 zat i on MEEERAdEn GBSt ORWEREOISILANE ORI ORGANOSIHIOXANEhe probl em
of wiring delay due to nultilayer 25 interconnect, reduction of wring

resi stance andcOMRAINA iFSIR INSHPAEING, FiédMve A SMPRORYE TARYN NETWESN 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
apd a process conprising seed formation by sputtering or chemical vapor
deposition (hereinafter referred to sinply as CVvD) nethod, followed by
copper plating, has been used practically. As the |ow dielectric constant
interlayer insulating 10 filmmaterial, ®arious ones have been proposed.
Heretof ore, as the inqrganic sgstenl S|I|con dioxide (SiO2), silicon
nitride and phosPRESFALBEILY  gP&sPr 8RB as INtREBFEARPC O Ly SCERCpol vi i des
have been enp|oyed. In, recent years, wth a purpose of qbtaining a nore 15
honmobgeneous Wh?é?ga§%VlPﬂsﬁléPWﬁﬁ eLeRFTiE ﬁ%%lﬁ éﬁcepﬁﬁﬁogéﬂlpﬁaﬁ a
tetraet hoxysi| ane pononer ,is prelimnarily hydrolyzed e., subjected to
poIycondensaT%%ﬁano%b¥§FhS§?@Ee thEHe?é 85edt 8@1HUEOHFFH§QHHF€§|§PrcalIed
'spin on glass" (inorganic S % and it has been proposed to_use a
pol ysi | oxane"BBtEPREDY BbI § 8nﬂ€ﬁ§ﬁf?5ﬁdo?léﬁungahﬁaFE6§9§FPéne nononer
as organic S Further, as a nmethod of fgrnln t he |nsulat|ng film there
are two et hode #nRFAOPRY SOPBAEFHEY neERIdL95MebipRi BY ngPLbLEF Bgaﬁr
i nsul ating fi ol yner sol tlon P n_coatin arry out fllm
formati on antPEREct TEPROGICBIBLPLPRg (e sE R SERS rEPr S AE PO AP ¥
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
(Si03), silicon nitride and phosphosilicate glass, and as
the organic system, polyimides have been employed. In
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 Si0O;, 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 equi pnent to carry out filmformation. As the plasma CVD

nmet hod, for exanple, JP-A-2002- 110670 proposes a nethod of form ng an
oxidi'zed trinethylsilane thin filmfromtrinethylsilane and oxygen 5 by the
pl asma CVD nethod. Further, JP-A-11-288931 proposes a nethod of formng 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
vinyl phenyl and an aryl group, by the pldsnma CVD 10 net hod. An insul ating

filmfornmed bX such conventional plasna CVD natﬁrlal has ,favorabl e adhesi on
properties tB aémBaFVPeﬁqHéP§Fn§n&° Cé66¥ePWﬁ Eing AREERECRhi ch is a
wring material, t%re contrar uni ty of the film_may be

probl ematic, or lAﬁe 9 ﬂlééﬁﬁ's i oﬁ‘ert o Th&*PRYi%l 18 @ Wiist ant may
be |nsuff|C|ent Ln sone case t.he ot her hand, the filmfornmed by the

coating methdd® HQSPFQPBFESIQ Wﬁl 8PPy LORBBIe AR ONi6d 26Ceps of coati ng,

sol vent renoval, g@g ; trea re reﬂﬁlred ch _bei ng econonically

i sadvant agesainEe Y dRpAREE GPLR S4TE FFFh FoRMEaTY) o AVBAEEHREST
T SR Sl SR R R PR
STng 1 o dmoythgient sl aliiglice S B prah b
method, a nEEhgd %Eo%aghnglﬁg EH%B%eb%aQQEBUE 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 liquid 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 di'spersing organic conmponent 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 SiQ2 ultrafine
particles forned by evaporation of silicon and oxygen in a gas, to forma
thin filmof SiQ2 ultrafine particles, mdy, for exanple, be nentioned. 10
However, al though these nethods of nmaking the material be porous, are
ef fective tomaERFéde BAVERI @i BLELEFIE 1E0RSPARANENOENANI ERIStsEr-éngt h tends
to decrease, whereby chem cal nechanical polishing (CVWP) may be difficult,
or increase @Prﬁhér#@rééﬂwi gtcBrstant OandZg netHPd | ﬁé ebFPBLEFBAIdue to
absorption of noisture nay be caused in sone cases. Accordingly, the market
further requPFg8nacwePTPOBERANEGBCNRAEFLEH SRhIWER CEaPISf 8§ 1AM t he
requi renents such as a low dielectric constant, ,an adequate nechani cal 20
strength, adR¥EPOHZBFOPEFPI BF PEIEFTBSr PrerREFER1IC PREFEARoMaSE 1opper
di spersi on, Eli na asging resi stance  and nn'stuhg absorption resistance. In
8 ;OWF eS¥ r'é e

order to at gGi FEREATEN 0 t] FBKEatiePRERE 12dn P6r ganosi | ane
type material having an increased prqgportion of carbon in_25 the organic
substituent PBTSFFang™ tﬁepgﬁﬁoﬁa9gn§ep051%lng s10; Blerasine

particles formed by evaporation of silicon and oxygen in
a gas, to form a thin film of SiO, ultrafine particles,
may, for example, be mentioned.

10 However, aithough 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 regquirements
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. 1In 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 ynmer has been proposed. 5 For exanple, JP-A-2000-302791 proposes a
“method to obtain an interlayer insulating filmnot being porous and having
a_dielectric constant of at nost 2.4, by using a coating solution obtained
by hydrol ysis and 5 pol ycondensati on of a silicon conpound having an
adamantyl group by a sol-gel nethod in the presence of an aqueous acid

sol ution. However, this material is a material for the coating nethod, and
there are still groblens of the above 10 described film formation nethod by
the film coatingt OReKBHPL1Er SEECBURE VOF 3 PHE P ILNPERPPERSURd & thipss &©
circunstances, the present invention has,K 15 been made to sol ve the above
probl ens, an8PERiPsaRninsgréayest lpﬁéllﬁrté%ntfll Averti HFN9 FeGAUFe 2 hovel

| ow dlelectrlc constant _material, particul arly a material for , a | ow

diel ectric cBA¥taft2 aéﬁﬂﬁFFﬁdchPHFtEBﬁtﬁln@ﬁgmoéFtﬁeﬂ 'oPYanEsinNg Gon
conpound of an organosil ane cogpound % an _or an05|loxane conpound,

sui tabl e for C82pEEIDSO &Gﬁﬁﬁeﬁ ang §Yp §F@éy§ AS@ ating film enpl oyi ng
it, and a sem conduct evi ce .containing suc sulatlng film The

pr esent |%veﬁPEV§OH§§QSP aRd Phaf EFQHEP%Z§OBF5%E%%kPI&8ﬁ &Spound of an

OrganOSIIaneagggggggq g@gu% by a sol-gel method in the presence of an

aqueous 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, suitable 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. Nanmely, the present invention
resides in a material for insulating film conprising an organosilicon
conpound of one of the following formulae (1) to (4), fromwhich an
insulating filmis formed by chem cal vapor deposition 10 of the

or ganosi | i coH- XHpBURPRRE of QY ah o3t + RN cdRPBundS r 8Pt E3BAEBSHF t he
followng formula (1) having, such a, structure that a. secondary hydrocarbon
group and af&tkerid oW, afrsutREERY | {1 bBndedr E6clartyceaniafom R1 H

Si R3gOR4) 4- (mt+n 2 15 Rmformua (1) wherein each of Rl and R2 represents
a Cl.20 hydﬁ%k%i%ﬁﬁFlﬁr%ﬁﬁﬁt¢@Fr%&ﬁ%%%ﬁﬁ%ra?%ﬁu%ﬁtﬁQQrBééngﬁrgPoup havi ng
at |east one al kenyl group, or an al kenyl 0 nd an aryl group, R4
represents a4 g%%d$'%%F%fd%%éoﬁc ° éﬁh%ﬁ?%g%ﬂeaPB ®Hfrepresents an
i nt eger of fron11tto 2, n represents an integer of from1l to 2, and mtn
represents 1rvention.

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=(mysn)

R2
15 m formula (1)

wherein each of R' and R? represents a Ci.;9 hydrocarbon
group, R3 represents a Ci-30 hydrocarbon group having at
least one alkenyl group, or an alkenyl group and an aryl
group, R* represents a C;-19 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.integer of from2 to 3; an organosil oxane conpound represented by the
followng formula (2) having such a structure that a 7 secondary

- hydr ocarbon group and/or an al kenyl group is directly bonded to a silicon
atom RI RZ-Cl1 \ /Rs Si-0 x fornula (2) wherein RL and R2 are as defi ned
above, R5 represents a 5 Cl1_23 hydrocarbon group or a hydrogen atom and x
represents an integer of 2 or above; an organosilane conpound represented by
the following formula (3) having such a Structure that a vinyl group is
directly bonded to a silicon atom r /')-Si(oR6)4v 10 ( ~~ ~P fornula (3)
wherein R6 represdary Aydrocerkpir o&atboAngly 0Fp adr ad kemydr eF@vtatigm and p
represents 2 or 3; an organosil oxane conpound represented by the follow ng
fornula (4) ﬁaVEﬁglyubﬁn%e§tﬁ@cﬁuﬁélﬂﬁéﬂ ators vinyl group is directly
bonded to a silicon atom 7/ R7 t formula (4)

RI
|
R>=CH R®

o)

wherein R' and R? are as defined above, R®> represents a

formula (2)

5 Cji-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(OR6)4-p
10 P formula (3)

wherein R® represents a Ci-19 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:

v

Y —o-)
\ /,

wherein R’ represents one of a C;_50 alkyl group, an

formula (4)

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

20



wherein R7 represents one of a C1_20 alkyl group, an alkenyl 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 explained in detail below In
the above formula (1), each of Rl and R2 is a C1_20 5 saturated or

unsat urat ed 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 the present inventioﬁ If the carbon nunber exceeds
20, it tends_to be dif obtain _a_material such as a correspondi ng
organi ¢ hal i §8°T HPnggﬁR FABFYEQﬁ QHTOBF§|H§HENTHQ purity tends to be | ow
in sonme cases. Taking stable use i.n a CVD equi into ., sideration, a
C1_10 hydrocarboﬁcﬁ%o&%ei§rﬁ§FPFC&P§FP}1°f5“Bﬂggg¥? e?ﬂdﬂla Vi ewpoi nt
that the vapg g % ée of the organosil ane conpound mnll not be too | ow.
Exanpl es of PRE gd §c8Fbon group for each of RL and R2 are not

Group. an a1yl al I SHEaGFodRd FE6T 2al 11 aBAF g RGuS haJSos nEhit e RL and
Ro may et hgaturm%eaf o (henent. A% RYAIRLES,9h 3.505° Whgre Bl and R2 are

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 Ci-;9 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.yy, 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,



to each other, a secondary hydrocarbon group may be nentioned wherein Rl
and R2 are at |east one nenber or at 25 | east two nenbers selected fromthe
-group consisting of nethyl, ethyl, n-propyl, isopropyl, n-butyl, i-butyl,
sec-butyl, tert-butyl, n-pentyl, tert-anmyl, n-hexyl, 9 cyclohexyl, phenyl
and toluyl groups. As exanples of a secondary hydrocarbon group in a group
in which RL and R2 are bonded to each other and bonded to Si by neans of
secondary carbon, cyclobutyl, 5 cyclobute®yl, cyclopentyl, cycl opentadienyl,
cycl ohexyl, cycl ohexenyl, cycl ooctenyl and cycl ooct adi enyl groups may be
nent i oned as CHFRCOSYaxamheEy 1 ARG KO 1MopidFaiRsh of RL and R2, an

i so-propyl group wherein RlL and R2 are_both nethyl, a sec-butyl group 10
wherein Rl and RASrSXdRIRA Andt 19RANISNE RIS 9T QR | Bt adi eny!
cycl ohexyl and cycl ohexenyl groups_,wherein Rl_and R2 are bonded_to each
other, are pREPEEr &d W@Pé%ﬁéh BEENBM ¥Lf RPRIRRDi He . exBhi Qther12nd

hydr ocar bon group havin t |least one 15 al kenyl group, or .an al kenyl group
and an aryl %r%‘ﬁ%d AS Sghg’yalnl?@rﬂﬂ %&?ﬁ,oﬁarﬂ*,caﬂ?%p&%ﬂl,oqu'enyl, 1-
e e 1o ok B PSR e BET E SY S IR T oo
Phe ol Kenyl YFORES T 120 dRSarin B5b 0y e AT Sroube Hay "
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.5 hydrocarbon group having at least one
15 alkenyl group, or an alkenyl group and an aryl group. As
the alkenyl group, vinyl, l-propenyl, 1l-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 Ci-zp hydrocarbon group other than an
aryl group, such as the same group as R' and R? may be
mentioned.
R* represents a Ci_;9 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



aryl group, such as the sanme group as R1 and R2 may be nentioned. R4
represents a Cl-1o hydrocarbon group or a hydrogen 25 atom and the

- hydrocarbon group nmay be a saturated or unsaturated hydrocarbon group, and
may have any of straight chain, branched chain and cyclic structures. If 10
t he carbon nunber exceeds 10, the vapor pressure of the fornmed organosil ane
tends to be low and its use in a PECVD equi pnment nay be difficult in sone
cases, such being unfavorable. 5 R4 is pteferably nethyl, ethyl, n-propyl,

i sopropyl, n-butyl, i-butyl, sec-butyl or tert-butyl whichis a Cl 4

hydr ocar bon BhﬁuﬁthOVigﬁm ?rpﬁéﬁéﬁgﬁi&Q/OﬁhﬁhgaﬁﬁFePFéﬁﬁuﬁﬁ?éﬁ?é%@hts an
integer of froml to 2, n represents an integer of  from1l tg 3, and mtn
represents ahCFHEegeFIaRgssfagdeotenfferC REMELY, 2Ry FSos&CHIR Gr oup wher ein
m=1l  and n=1_or m=2 and n=0 represents a disubstituted dial koxysilane, and a
hydr ocar bon §EGUP ﬁﬂwemﬁnﬁpmaanﬁe AL2E1E3 taAR SOTe GASRS3 SWEFh=0
represents trisubstitut al koxysilane. A m xture thereof is 15 incl uded
in the presefiflfHvEn PKﬂFaggécific exanpl es of the organosilane conpound
represented by the above

isopropyl%inyIdiﬁetﬁ%x@ﬁ?%%%ggigié%épgggl§Eﬁ§ﬂéﬁgf9699¥#kaﬁé?proPyl'
I sopropyl vinglpdiotert-, 20 hut 9xysh) 309 o3 L22R 2RYLY! Dyl TRt haxysid ane,
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-



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

i sopropyl di vi nyl met hoxysi | ane, isopropyldivinylethoxysil ane,
“isopropyldivinyl-tert- butoxysilane, isopropylvinylnethyl methoxysilane, 25

i sopropyl vi nyl net hyl et hoxysi | ane, isopropyl vinyl nethyl- 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 nmethoxysilane,
sec- butylvinyl di et hoxysil ane, sec-butylvihyl-di-tert- butoxysilane,

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

di - sec- but yl VPRYIDREPKYEBEEBRysi | ane, sec- butyl di vi nyl met hoxysi | ane, sec-
but yl di vi nyl et hoxysi | ane_and sec-butyl divinyl-tert- butoxysilane. In the
above fornul a (2FSCeRELYIVIRY l9RaeRIORYF13ENeL0 S95¢ sane one as in the above
formula (1).. R5 represents. a Cl1_20 hydrocarbon group or a hydrogen atom
and the hydPBEXIBORY §FdBERAKYS TGP Cex SR BULHE VERY lssie t6%&-as  defi ned for
each of Rl, R2 and R3. Speci.fic exanples of the organ05|loxane conpound is
repr esent ed BVtPﬁ¥5é569§ fGFnﬁﬁﬁ EEFYFH&PM&@eGEPXYSS lane,; fdogropyl - 1, 3, 5-

trivinylcyclotrisil ox te ralsop
tetrav ny‘-wy CyBhby v S TP panudi Tadey Tl SRR ORI L D L -

13,579 pegéggkgglﬁgglopgggaﬁl|9§81V1ny1%e%h%&§él %ne, 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.po 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
(BY 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,

(¢)y 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,



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- pent avi nyl cycl opent asi | oxane, (C)
1,3,5-triisopropyl-1,3,5- trinmethylcyclotrisiloxane, 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-triethylcyclotri¥2l oxane, 12

1,3,5, 7-tetraisopropyl-1,3,5,7- tetraethyl cycl otetrasil oxane,

1, 3, 5, 7, 9- peht &ir Sopr&pr 21 S3P5 oPYd-—dert aet’hyl cycl opent asi | oxane,

hexai sopropyl cyclotri sil oxane, 5 oqctaisopropylcyclotetrasil oxane,
decai sopr opy FEFERSHENLSYCILEkEREast 19X8ne | 13de st PI-Pentaisopropyl-
1,3,5-trinethylcyclotrisiloxane, 1,3,5, 7-tetra-sec-butyl -

1, 3, 5, 7- t et r amBt Ryl cycPEPERLIEYIGNSIOPeR e SE 1PXgNsent a-

sec-butyl -1, 3,5, 7, 9- pent anet hyl cycl,opent asi | oxane, 1,3,5 10

tri-sec- but yPeXa3sgrrPPYlRYCAPEFItHilofPeeane, 1, 3,5, 7-
tetra-sec-butyl-1,3,5, 7-tetraet hyl cycl.ot et rasil oxane and

1,3, 5, 7, 9P peRF&24ECPBEAPYHL Y C3 05 SIS LIOXPR&  hy| cycl opent asi | oxane, (D)
1,3,5-triisopropyl cyclotrisiloxane, 1,3,5 7- 15 ,

tetrai sopr op&?&?&ﬁ&é@??&&w&}&ﬁ’@?tf,sé,lé’?‘?}“@ 1,3,5-tri-sec-butyl-

pent a sopr oy oyl goont el hoxane, 13 sl eqy unvlexelod siloxane
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 Cji_ig
hydrocarbon group or a hydrogen atom, and the hydrocarbon
group may be the same one as defined for R®.

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,



but yl cycl opent asi | oxane. 20 In the above fornula (3), R6 represents a Cl1_10
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)

di vi nyl di net hoxysi | ane, divi nyl di et hoxysil ane, 13 divi nyl

di -tert-butoxysilane, trivinylnmethoxysilame, trivinylethoxysilane and
trivinyl tert-butoxysilane. In the above formula (4), R7 represents a Cl1_20
al kyl ~groupdiganzilkéaykegtobptoryanlangl §Gravpnydpeshrryaililpnes net hyl ,
ethyl, vinyl, n-propyl, iso-butyl or the like nmay be nentioned. Specific
exanpl es of Fﬁévéﬂggﬁébpﬁﬁﬁaﬁén@oﬁﬁéuﬁalvﬁéyﬁe§€ﬁﬁe@uﬁyxwﬁé1&E6Ve forml a
(4) having such a structure that a vinyl %ﬁoup is directly bonded to a 10
silicon atom indPudde Bpoves mrmyleet(idyl,- R 3resprepenagl ayErob rabkybxane,
1,3,5, 7-tetranmethyl -1, 3,5, 7-tetravi nyl cycl otetrasil oxane,

1, 3,5, 7, 9- peBEAHPt h§P- &1EepY} grogenpay PRy REYEl OpeHPasiSPegardcally,
1,3,5-triethyl-1,3,5 15 trivinylcyclotrisil oxane _

1,3, 5, 7- tet r B8ERAYL. 180517 Vighlay nPrepyiot éEPabItERanE 4h¢ like may
1,3,5,7

, 9-pentaethyl - 1,3,5,7,9-pentavinyl cycl opent asi | oxane,
be mentioned.

Specific examples of the organosiloxane compound
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):



(G hexavinylcyclotrisiloxane, octavinylcyclotetrasiloxane and 20

decavi nyl cycl opent asi | oxane. The nethod for producing the organosil ane

- compound of the above formula (1) is not particularly limted. For exanple,
t he organosilane conpound represented by the formula (1) can be produced by
reacting an organic 25 conpound represented by the following fornmula (5): 14
R HCGX R2 fornmula (5) wherein RL and R2 are as defined above, and X
represents a hydrogen atom a chlorine até4m a brom ne atomor an i odine
atom w th organol jjthiumor netal lithiumgranule 5 to produce a conpound in
whi ch a secondarthydrocarbon group and a lithiumatomare directly bonded,
and reacting thiﬁ conpound with a hal ogenated organosilane or a

hal ogenat ed or gahtéatk¥xysi | ane represented by the following formula (6): 10
X'pSRBq(CR4)4_(p+d) formula (6) wherein X represents a fluorine atom a
chlorine atom a R3ronmine atomor an iodi n€oatnoma RZ)and R4 are as defi ned
above, p represents an integer of fromQ to 4, q represents an integer of
from1l to 2, VARESpRqRr epR@sBntdre B5 gefiftedabdre 4 #d vhdefPr el ber, the

or ganosi | ane conmpound represented_by . .
a hydrogen atom, a chlorine atom, a bromine atom or an

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 organocalkoxysilane represented by the
following formula (6):

10 X' pSiR%¢ (OR?) 4- (psa 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+gq 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



the fornmula (1) can be produced by using netal magnesium instead of the
organolithiumor the netal lithiumgranule in the above production nethod.

+ 20 Exanpl es of the organic conmpound represented by the fornmula (5) wherein
X is a chlorine atom a bromne atom or an iodine atominclude isopropyl
chloride, isopropyl bromde, isopropyl iodide, sec-butyl chloride,

sec-butyl brom de, sec-butyl iodide, cyclopentyl chloride, 25 cycl opentyl
brom de, cycl opentyl iodide, cyclohexyl 1B5 chloride, cyclohexyl brom de and
cycl ohexyl iodide. Further, exanples of the organic conpound represented by
the formul a ¢BYowhérei AYX1PEexYRy BrogéAe anemcyrdlohgxyeydloshiéit-adi ene,

pent anet hyl cycl opent adi ene 5 and 1, 2, 3, 4-tetranet hyl - 1, 3-cycl opent adi ene. By
reacting or ganoFuhkings s geames o indt yHhe jongiaiiacocam@usutyl  lithiumwith
such a conmpound, a compound in which_a secondary hydrocarbon group and a

li t hi um at onFapeesanteet by 56sdEQrTEgan Bé)phbgucas. X160 SERamICESISH t he

hal ogenat ed organosil ane, hal ogenated organoal koxysi_ | ane or )

t et r aal koxysfFaneinedpfes encéareitena ensr n@ﬁatesl)et%(wéw&éopentadlene

vinyl triethoxysilane, vinyltrinmethoxysilane, divinyldimethoxysilane,

di vi nyl di%t h8R¢sill dné, 415 raTeBYRyildBreYRéRpsnttaféene. By reacting

vi nyl et hyl di net hoxysi | ane, vinyl n-propyl di nethoxysil ane, vinyl n-
butyldinetho??gﬁpaxéFhﬁPﬂyFH@Ph?FdPﬁgPﬁMiyéPFQﬁEW or tert-buty

lithium with 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 et hyl di met hoxysi | ane, vinyl n-propyl di net hoxysil ane, vinyl
n- butyl di met hoxysil ane, vinyltrichlorosilane, 20 divinyldichlorosilane,
-vinyl met hyl di chl orosilane, vinylethyldichlorosil ane,
vinyl met hyl di chl orosil ane, vinylethyldichlorosilane, 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 havi nglat |east one al kenyl group.
Further, after the preparation reaction, when a halogen atomdirectly
bonded to sibhlkonysemanss silpsthéuted &ivk ex ywidrasarders noedishya a
hydrocarbon group as a product, an alkali netal al koxide represented by the
fol | owi ng fopraPact?) aps alkadtedetadr @dikoxider reprieseptad &y WieR4AOM f or nul a
(7) wherein Mis an alkali nmetal, and R4 is as defined above. Exanples of
the al kali népalonikexifeamudgr ddentied nepctede therewidh Aon ncl ude |ithium
met hoxi de, lithium ethoxide, |ithiumi-propoxide, sodium nethoxide, sodium
10 et hoxi de, @$B8KYARICIPFGpoxi de, potassi um nmet hoxi de, potassi um et hoxi de,
pot assi umi - propoxi de and potassium tert-butoxide. By enploying the present
producti on nethod, Rt organosil ane &@¥pedad (Fépresented by the formula (1)
wth 15 a high purity can be obtained with a high yield while suppressing
formation ofwg§r§p5dyzg§_an alkall metal, and R* is  as defined above.
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



The conditions for production of the conpound in which a secondary
hydrQcarbon group and a lithiumatom are directly bonded, are not
“particularly limted, and 20 one exanple is shown below. As the netal
lithiumto be used, a lithiumwire, a lithiumribbon or a lithiumshot may,
for exanple, be enployed, and it is preferred to enploy lithiumfine
particles having a particle size of at nost 500 }imin 25 view of reaction
efficiency. As the netal nagnesiumto be Used, a magnesium ri bbon,

magnesi um granul e_or a magnesi um powder may, for 17 exanple, be enpl oyed.
As the organBKPPRilGm P& KEPIS¥ES-a n- hexane solution of n-butyl Iithium or
a n-pentane solution_of tert-hutyl, lithiummy, for exanple, be enployed. 5
The sol vent to béSudd® GO Ham &P ike msted pat I A%HS $3HEEP so | ong
as it is used for_said _technical field. For exanple, a saturated

hydr ocar bon CSuBRPHSYA- fehtidNg OF- feR BT Lameh&Pand 1y Qlot&Ldd U ! hept ane
or n-decane, _an_unsaturated hydrocarbon such_as 10 tol uene, xylene or
decene-1, or lafbetRema¥ucikOXs ¢ P& FEPLo¥iSs-opyl ether, tert-butyl

met hyl ether, dibutyl _ether or cycl ope I t hyl ether,. may be used.
Further, 5a mxe Hl’?pls\?éﬁ’teqthépe&gr‘fﬁﬁ%a% Eg‘e%s‘éf‘:tﬂﬂ? r'eadtiton tenperature
for the above reaction,is,;18 prefergbly such a temperature range that the
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



conmpound i n which a secondary carbon atomand a lithium atom are bonded, or
conpound in which a secondary hydrocarbon group and a nagnesi 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
enpl oyed, preferably at a tenperature of from-85 to 150C. As the pressure
condition of the reaction, the reaction may be carried out under el evated
pressure, normal pressure or reduced 25 I#essure. The prepared conpound in
whi ch a secondary hydrocarbon group and a lithiumatomare direct]ly bonded
18 or conpofRdPHPAHREN1R WBEGRdar yeRPBABEX BEAT§FEUPCRNITR UPnaditesi um at om
are directly bonded, na¥ be used,as it is after the production, or it may
be used aft ePRgREEAETeATOBr §aRI E1REFFd¥, PRBESE | MENi Bf YFSRefsl Lfadifesi um
and 5 lithiumhalide or magnesi um hal i de as a reaction by- product are
removed. ThedEbRHi ENBnBTBAUERACRealEi 6f BRYt R8 B§RPoBAH SN URKRAEH <&
secondary hydrocarbon group and a Li,thiumatom are directly bonded or
conpound i n” ARPRRLS Eégéﬁﬁar?eiélh}aFBé&WbSH gesap BRENgSHEFnesdm at om are
directly bonded, thus obtained, and the hal ogenated organqgsilane or the

hal ogenat®ed ot §RhBRI KexySFI aﬁeméﬁn?ﬁéquBé‘élgSr At & r@%ﬁtl&fﬂebﬁ(at

particularly limted, and one 3xanp|e is shown bel ow.
product 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



15 As the reaction solvent to be used, the sanme solvents as the solvents
whi ch can be used for the production of the above conpound in which a
-secondary hydrocarbon group and a lithiumatom (or a magnesium aton) are
directly bonded may be used. The reaction 20 tenperature is preferably such
a tenperature range that the conpound in which a secondary hydrocarbon
group and/or an al kenyl group and a lithiumatom (or a nagnesium aton) are
directly bonded, will not deconpose. ThelPeaction is preferably carried out
usual ly at a 25 tenperature of from-100 to 200C which_is industrially
enpl oyed, pr &RSCABION M2Ya RefFeiraiast €W Wh -85 a- e IKSSET e he pressure
condition of the reaction, the 19 _reaction may be carried out under
el evat ed predOFEl DIGSFITSH s HABICHD RERFEH Dr essure. The net hod for
produci ng the organosil oxane conpound , of the above fornmula (2) is not
particularly |imtndiPd sfe% RERAHE T ddi REIFRR S EXaRpie, COPPPeadti ng a
hal ogenat ed al koxysi | ane conpound substituted by a secondary, hydrocarbon
group, represéntel® RPIMre TG ! i Mata Rt ievdaigh s deiiaEed r @idir e
that a secondary hydrocar on(gro pis directly bonded to a silicon atom 10
n

with watef it 589 use | FX Gady TRCRATIH /S (OR4)5X2_5

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:

R]
|

RL—CH\
Si(OR*)X2-
R® formula (8)

, R’ and X are as defined above, and s

wherein R!, R?, R
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



R5.formula (8) 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
exanpl e of the organosilane conpound represented by the above fornula (1),
or a conpound having an al koxy group of the above conpound substituted by
chlorine, bromne, iodine or fluorine may be used. 20 One havi ng an al koxy
group of the above conpound substituted 2% chlorine, brom ne, iodine or
fluorine can be obtained by changing the conditions in the sane nethod for
produci ng théléoRpodAd -of the above fornula (1). Further, the conpound of

t he above formul a (8£.thus 25 obtai ned may contain the conpound of the above
fornmula 20 (1) &f (Br ASithahichd casrds tcadxitde étlnlen@ftlrr?élcd?lqréactl on,

an inorganic acid such as hydrochloric_acid, nitric agid ar sulfuric aC|d
or an organlénaéPGrQGEHCa§C5dt6P85n€§uPVQHPEhAEF&Cn§§1§e Sipirdyre&C ithe
reaction sol vent to be used for production of  the organosil oxane conpound
represented By EREIPELRURSIG 2PTi @PnBEIRRACI GRS FYCHi Afted so long as it is
used for sald t echni field, For exanple, a saturated 10 hydrocarbon such
as n-pentanet OﬁuﬁﬁﬁﬁﬁigonﬁCh@ﬁéﬂemayc§€I8W8}8¥§ ‘n- hept ane or n-decane, an

unsaturated The reaction solvent to be used for production of
the organosiloxane compound represented by the formula
(2) is 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-butanocl 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



hydr ocar bon such as tol uene, xylene or decene-1, an ether such as diethyl
ether, dipropyl ether, tert-butyl nmethyl ether, dibutyl ether, cyclopentyl
“met hyl ether or 15 tetrahydrofuran, or an al cohol such as nethanol, ethanol,
i sopropanol, n-butanol, tert-butanol or 2-ethyl hexanol may be enpl oyed.
Further, a m xed solvent thereof may also be enployed. Particularly when an
ether or an alcohol is enployed, an organosil oxane conpound of the 20
formula (2) having a specific nolecular v&lght can be produced with a high
yield in sone cases. As the reaction tenperature for production of the

or ganosi | oxaheaebiapBuRaYr pr €3snted Bytt Hadpsr piEyat2d PreseUTEaction is
preferably carried out usually at a 25 tenperature of from-100 to 200C

whi ch is i ndBS¥mRa| PYesEnpropEdr SpErEr REEFSHT€a t enperature of from -85 to
150C. As the pressure condition of the reaction, the 21 reaction nay be
carri ed. out undefhel Bgabed pogs FCEUCIRG: Fhle PESHNE 1S SRR essur e.
The met hod for producing the organagsil ane conpound _of _the above fornula (3)
is not parti€&l ghﬁyabpfﬁet €qrmydg (3)j dScRRthBIAFEIFULET YT drimdsamhl &nchy
reacting an al koxysil ane such as _tetranet hoxysilane or, tetraethoxysilane
with a vithyl 16r §ahi EenBreFUEEApodRd SXGER1&s” PYnyraCtER%UAR vi nyl nagnesi um
chl oride or vinyl ragnesi um chl oride. Further, it can be produced al so by
10 reacting alhaFﬁﬁgﬁgpﬁdng afe SGERABSTROKYSIRPEFOSE ane

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, wvinyl 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



with a vinyl organic netal conpound such as vinyl [lithium vinyl nagnesium
chloride or vinyl magnesium chloride, and then reacting the al kali netal
-al koxi de of the above fornmula (7) therewith. As the conditions for 15
production, the same conditions as in the nethod for producing the conpound
of the above fornmula (1) nmay be enployed. The nethod for producing the

or ganosi | oxane conpound of the above fornula (4) is not particularly
limted, and 20 it can be produced, for 2%anple, by the sanme nethod as the
nmet hod for producing the conpound of the above fornula (2) enploying as a
materi al a h&PsBehafedl)of§aridsi F&n&S6L &sharodesated ey koxysi | ane
having at |east one al kenyl group represented by the above 25 fornula (6).
Wien the proBaéedislganssiiFaRe e E6FpeEhdhet toeydidSugearerEHfodrfd
represented by one of the 22 faornmulae (1) to (4) is used as an insulating
film materiaPSSi £hp8 pPePBFy 88% FBE Y KFEHSOREEE IntiEMULLLY | ess than 50
ppm and that the content of {npurity elenments other than sjlicon, carbon,
oxygen and h§dEBGBARS STHEF \‘}%’Sr’f FrhHCOZRct SREDMER e PAIET B8] dYETRAFET 10 ppb.
Accordingly, it is _preferred to purify su%h an qrganosilicaon conmpound by
means of TilPRELVER GEPRgTEaGEany JrisTifilsyer Sorl &5 Ssitiedy ¢ us body,

distillation_ under normal pressure or under redyced pressure, or
Accordingly, it is preferred to purify such an

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



10-col um separation using silica, alumna or a polymer gel, to renove
lithiumsalts or magnesiumsalts as by- products. In such a case, as the
"case requires, the above purification nmeans may be used in conbination. By
a nmethod of extracting lithiumsalts or magnesium salts 15 as by-products
with e.g. water, which is enployed for general organic synthesis

technol ogy, the noisture content and the content of inpurity elenents other
than silicon, carbon, oxygen and hydroge?} particularly the content of
metal inpurit reS|due i n_the organosil ane 20 _conpound _or the
organosiloxaﬁ% BoRpELHE ﬁééﬁe@énﬁe@oﬁﬁsséﬁﬁ &P lithe 306y Al1%de (B to (4) to be
finally obtained, tend to be high, and such a conpound is inappropriate as
a material f6F-kPﬁ¥§PéF‘Pﬁ’gSPPFl’i‘ﬁth?@r’r]é’Yc&s@é’ TRGA JERPUR Coasdthere a

by- product containing a 25 S|Ianol structure is forned hydr oxyl groups of
the silanol &8 PFEEUER GiFfhDe. ¢Sodade y @iisdd 1da t¥assi um hydri de so
that the by-product is precipitated in a form23 of a sodiumsalt or a

pot assi um sal t, gﬁ&'ﬁﬁ€ﬂ”Fﬁéonal QR%Q%?%ﬂﬂx&%tﬁﬂ(QFQRF THRIGcE bon

group as the oduc ol at, distillation. For production,
t he operati oft W?t &Ethﬁngéeagt t §a&%n€F%SHOWﬁ tete GOMRHNSt sai d

or ganonet al co und synt he , IS pr ferred that the reaction
is carried gyt gﬁséﬁ at%%@%ﬁ%re e%?ﬁ%%fﬁﬁ aﬁ§a8e5§?dF?@8tlﬂFtF8gen or

argon, and a S%k{ggtbu% g%l%gna mosp%%re 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
said 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



material for purification, etc., to be used are 10 prelimnarily subjected
to dehydration operation. Further, it is preferred that inpurities such as
“metal residue and particles are renoved. The organosil ane conpounds and the
or ganosi | 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
forming the insulating filmmterial of 2she present invention is not
particularly limted. A 20 PECVD egui pnment which is commonly used in the
field of sai BO¥BRRABIPoGHBRER BY & géﬁBCSHBHE?BprPSUGEt?SHrFFeF@ or a
liquid crystal display_production field, is used_.to form.an insulating
film The PE@%@eEaE?p%EFmﬁeaﬁg gﬂrmeaupﬁaﬁﬁﬁﬁ PRIYREEAZEChaPeflailm P&
insulating filmsuch,as 25 an organostlanﬁ ii,xaﬁ%rized,bﬁ a_ vaporizer and
i ntroduced t®-¥hedi ALl dEOBf SHPFFFAFForRat6nIehBrbeFMaLAqn §hedPrZge is
applied to an electrode in_the Liln124 forgation chanber _by a hi gh
frequency pofter tBofr EéMPo LQENEPS BUpPASRRCt 8SPEFATAREI RIAE Rol $nEfitzat i on
filmon e. a silicon substﬁgﬁe in the filmformtion chanber. At this

time, for tﬁﬁuﬁﬂrﬁﬁsérgPHQSHe PHE BFaghaC*4ady3dng 8HERTaSUSFYBF or hel i um
or an oxidizing agent such as oxygen_or.nitrous__oxide be_introduced.
When 111 m {GRRGETOR| BLEAPPFea oHE ByYabPECHEr B ot et nit Hie

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 suitable 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



material of the present invention for insulating film a thin filmsuitable
as a_low dielectric constant material 10 (lowk material) for a
- sem conductor device can be formed. Formation of an insulating filmunder
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 nmethod is a porous insulating fi2mm of a cyclic organosil oxane
conpound, nost of the pores of which have small pore sizes of 1 _nmor
under, and i§t£uFﬁPﬁefiI%P%%%F?%®1%¥Iy1?01§u?%55+%da§u5 PEGRLarePe¥tric
constant materi_al %|OMFK material) for a sem conductor device having | ow
di el ectric cHBEPSEt éFPBt Lc¥ 4Rd 2nQPOnY nPgRirEaRANi d&om dgr hdx ited Uhd hi gh
heat transm ssion properties, As_the PECVD conditi?ns in_such a gase, it is
preferred toWcarFyr oBebut PPEEVBI {2 F 1T of hEFi BAVIMRE hlaWREl SLPYEFYTE6W pl asma
power (W voltage x cyrrent) as sho i n _Exanples for_,_exanple, so as not to
destroy the EPEFPELSFiGkane 957 SFr dermed a§pécirfedalfiiym HOTE &R | ed out
preferablg under _from 1 Wto 21000 W preferably from 1 X{to 1,000 W
Further, 2n FASE &¥i HGPP M RYFIAG POREROSIEPEErF ¢ %&F feri’$¥i'cs can be
formed at a high filmfornpation 5_rate by usi | i ¢.organosil oxane in
whi ch a Vi nyETCHPoBaRE ARCPEGBNapST CYPoaS SAPETBSTIES (8% RE Eame
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.



silicon atom A porous |low dielectric constant insulating filmcan be
obt ai ned al so by form ng one of the materials of the 10 fornulae (1) to (4)
“into a filmby CVD, and then subjecting the filmto a heat treatnment at a
tenperature of 350 deg.C or over at which bond between one of the

secondary hydrocarbon group, the al kenyl group, the alkyl group and the
aryl group and the silicon atomis broken. 15 The heat treatnent tenperature
is preferably 350 deg.C or over at whicldormation into a porous body is
conpl eted, and 500 deg.C or under at which a sem conductor device will not
deteri or at e. EARMPLBwl di el ectri c-constant material of the present 20

invention is suitable for production of ULSI mul til ayer
|nterconnectPRﬁﬂﬂRéTﬁ@N1QBnQB@ﬁHPMB@UEEéUMeﬁﬁlngﬂﬁ AtSE§O§P§B i ncluded in
the present invention. Now, the present invention will be explained in

detail with H%P%@QAEBONOGBQHﬁpAE . AHSREVEP TUMNATRMeS4BAt DIRECTRYent i on is by
no neans restricted to such speC|f|c Exanpl es. 26 EXAMPLE 1 PREPARATI ON OF
ORGANOVAGNESBONPER WWHI CH A SECONDARY  HYDROCARBON GROUP AND A MAGNESI UM ATOM
ARE DI RECTLY BONDED 5 53.4 g (2.20 nol) of netal nagnesiumand 1.60 L of
dry dietyl etheP3wéré@ éﬁa?@e@oﬂﬁ giometpdypageeRdyrf pRgk 1-60 L of

dry diethyl ether were charged 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



equi pped with a dropping funnel and a nechanical stirrer in a stream of
nitrogen, and cooled to OC. A solution having 246 g (2.00 nol) of isopropy
“brom de diluted with 10 200 M of dry diethyl ether was dropw 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 diethyl ether

sol ution of isopropyl magnesium brom de. 15 PREPARATI ON OF ORGANCSI LANE
COVPOUND HAVI NG SUCH A STRUCTURE THAT A SECONDARY HYDROCARBON GROUP AND A
VI NYL GROUP ARE DI RECTLY BONDED TO A SI LI CON ATOM 206 g (1.39 nol) of vinyl
tri met hoxysi PRsaiasd 300 trateowadr Wigitdtlhad emelar aBcathfeePSyra B0 L
four-necked 20 flask equipped with a dropping funnel and a mechani cal

stirrer in aobtpdamléf @i tfo§Sr, medd SdoliePireRE VinAingiihsyshendove

prepared diethyl ether solution of isopropyl magnesi um brom de was dropw se
added t her et 85" @t BRi§ECr Prvgusfer ARBeri6doMas283nPiiut es, and reaction 25
was carried out at room_tenperature for 2 hours. After, _ conpletion of the
reaction, magnesilif AEHEGTe ISORTRRY L aidyl byngirharet L haie réddved by
filtration, and the 27 obtained,filtrate was distilled under reduced
pressure Yo 285taPRALY gH(BMB82 ot Fofandks &5yl Ay I tdiSmeiafoddysi | ane as

an ai ned product. The yield was 63.5% The isol ated
i sopropyl vi nYFgemEthdLY4o™Ene was 5 anal yzed by 1H NVR, 13C NMR and GC- VB,

and the results ., \vr. 51.07 ppm (s, 6H,2CH;), 51.08 ppm (s,1H,CH),
53.62 ppm (s,6H,20CH;), 085.95-6.30 ppm (m,3H,CH=CH,)
BC-NMR: 812.0 ppm, 16.7 ppm, 50.7 ppm, 8130.2 ppm,
10 5136.4 ppm
GC-MS: Mw=160, C;H3160,Si
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



were as follows. 1H NVR 51.07 ppm (s, 6H 2CH3), 51.08 ppm (s, 1H CH), 53.62
ppm (s, 6H, 20CH3), 55.95-6.30 ppm (m 3H, CH=CH2) 13C-NWR 512.0 ppm 16.7
“ppm 50.7 ppm 5130.2 ppm 10 5136.4 ppm GC-Ms: Ma=160, C7HL6Q2Si Furt her,
t he nmoi sture and magnesi um contents in 100 g of the obtained

i sopropyl vi nyl di met hoxysi | ane were neasured by neans of a Karl Fischer

noi sture neter and is | CP-MS (inductively coupled plasna nass spectroneter,
manuf act ured by Yokogawa Anal ytical Systed®, Inc., tradenane "HP4500") and
as a result, H20=5 ppm and My<10 ppb, and the obtai ned product was useful
as a materi aftream PﬁsHPEFPH@nfiPﬁﬁ SEAERANPLEAS PREPARATION G°TORGANCS| LANE
COVPOUND HAVI NG SUCH_A STRUCTURE THAT TWO VI NYL GROUPS_ ARE DI RECTLY BONDED
TO A Sl LI CORRBRIOMBEET gL E2188 LR Bexarei-nylaFeh 6PBBLEERED 830tge 25

(480 i) of potgsaium L orLsbul oxLde a1 3.0, of 0Ly phexale v char ged
Lo n 282t gam. ot nlitogen, and,esell an ves quried ot for 17
chiori de s esidue. as g byaprodugt, was  removed by filtration, a3d the
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: 81.39 ppm (s, 18H,2'Bu0), 55.87-6.28 ppm
(m, 6H, 2CH=CH3)
GC-MS: Mw=228, Ci3H40,Si
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, Hy;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



5 distilled under reduced pressure to obtain 257 g (1.13 nol) of divinyl

di -tert-butoxysilane as an ainmed product. The yield was 56.5% The isol ated
~divinyl di-tert-butoxysilane was analyzed by 1H NVR and GC-Ms, and the
results were as 10 follows. 1H NVR 51.39 ppm (s, 18H, 2t BuO, 55.87-6.28 ppm
(m 6H, 2CH=CH2) GC-M5: Mwn=228, Cl2H242Si Further, the noisture and
potassiumcontents in 100 15 g of the obtained divinyl di-tert-butoxysilane
were neasured by neans of a Karl Fischer29moisture neter and |CP-Ms

(i nductively coupl ed plasm nmass spectroneter manuf act ur ed b¥1Y0ko awa
Anal ytical SystéhEic| aeid apfadeRamd ofPAstoafvaiefagag mwesd chageeh ppm
and K<10 20 ppb, and the obtained product was useful as a material for

i nsul ating filn? EXARVEPET3INPREPARATAON SRVUGREBENOSILOXANECCHMWAID HAVI NG

SUCH A STRUCTURE THAT A SECONDARY HYDROCARBON GROUP AND. A VI NYL 25 GROUP
ARE DI RECTLYSBOKDED: TORA SPRFEARNATER 560403008 hor) lopour under

i sopropyl vi nyl di net hoxysi | ane, _ 556 0.9 nol) of pure water, 152 g (1.55
mol ) of 29 &&EAUXC %g?%raﬁﬂm31%ﬁl?goégtEE?aﬁ?%?Bfﬂ?anTﬁEr@néhﬂﬁﬁéa inab
L four - nesked LLagk sgatipned 4 th 8 TRehanicah SLiLele 41g.eacl on vas

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

10 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.

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

B3Cc-NMR: 514.4 ppm, 514.5 ppm, 516.3 ppm, 5133.1 ppm,
5133.2 ppm, 0133.4 ppm, 0134.6 ppm, 5134.8 ppm, 5135.0
ppm

20 GC-MS: Mw=342, Ci5H3003Si;

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

25 plasma mass spectrometer, manufactured by Yokogawa
Analytical Systems, Inc., tradename “HP4500”) and as a

result, H;0=8 ppm and Mg<l1l0 ppb, and the obtained product



r ef | ux.

~drying,

1,3,5-triisopropyl-1,3,5-trivinylcyclotrisil oxane
obtained fromthe organic |ayer

After conpletion of the reaction,
of f, ,and the obtained organic |layer was dried by nol ecul ar sieves. After

255 g (0.746 nol) of

yield was 10 24.1% and the conversion ratio of

i sopropyl vi nyl di net hoxysi |l ane was 72.4% 30he isol ated
1,3,5-triisopropyl-1,3,5 trivinylcyclotrisiloxane was anal yzed by 1H NVR and
GC- MB, and Whé Hesdlisagepemasefraploner 15sulafiRg £11g5-1. 14 (m 21H, ' Pr),

55.88-6.23 ppm (m 9H, CH=CH2) 13C- NMR 514.4 ppm 614.5 ppm 516.3 ppm

THE and water 5 were distilled

by distillation under reduced pressure.

as an ai ned product was

The

5133.1 ppm EEAN¥BLE fpm 6133.4 ppm 6134.6 ppm 5134.8 ppm 6135.0 ppm 20

GC- M5: Mn=342, Cl5H3003Si 3 Furt her,

noi sture and nmagnesi um contents in 100 g

of the obtai ned I $15 Saes TG 26, 315 Examplienyd @it itdiatoerte dwer e

nmeasured by neans of a Karl Fischer noisture nmeter and I CP-M5S (inductively

coupl ed 25 pl(dsfE Aedd SpedEPBREPYLMCLRNLFAREGPOHYE) 78R YRR USRS
Syst ens,

film

EXAMPLE 4

10

15

20

25

isopropylvinyldimethoxysilane in Example 3, 1,3,5-
triisopropyl-l,B,5—érimethylcyclotrisiloxane was
produced. The yield was 25.3%, and the conversion ratio
of isopropylmethyldimethoxysilane was 75.8%.

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),

13C-NMR: 515.3 ppm, 515.5 ppm, 516.4 ppm, 516.5 ppm

GC-MS: Mw=306, C;3H3003S1i3

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
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=9 ppm and Mg<l0 ppb, and the
obtained product was useful as a material for insulating
film.

EXAMPLE 5

PREPARATION OF ORGANOSILOXANE COMPOUND HAVING SUCH A

| ytical
I nc., tradename "HP4500") and as a result, H20=8 ppm and My<10
ppb, and t helBBtsrRe@tpP8dust (300°wa81ldseful as a material for insulating



In.the same manner as in Exanple 6 except that 458 g (3.09 nol) of

i sopropyl met hyl di met hoxysi | ane was used 5 instead of 500 g (3.09 nol) of

i sopropyl vi nyl di met hoxysilane in Exanple 3, 1,3, 5-
triisopropyl-1,3,5-trinmethylcyclotrisiloxane was produced. The yield was
25.3% and the conversion ratio of isopropyl nethyl di net hoxysil ane was
75.8% 10 The isolated 1,3,5-triisopropyl-1,3,5- trinethylcyclotrisiloxane
was anal yzed by 1H NVR, 13C-NVR and GC-NB, and the results were as foll ows.
1H NVR  50.197-0.213 ppm (m9H, CH3), 61.06-1.10 (m21H 'Pr), 15 13C NWVR
515. 3 ppm 52BRECHPRE SEBT4ApEANYS16REUBpAE BTRESTLVMAMESDSEDCTZHR0O3S13

Furt her, noisture and magnesi um contents in 100 g of the obtained
1,3,5-trii sopLopyYPNIABOE- trimethyl cyclotrisiloxane were nmeasured by neans
of a 20 Karl Fischer noisture neter and I CP-MS (inductively coupled plasna
mass spectromnet ed, 2m@ngf d6Pudetiody oYokogawwaseal ymiccdl, 25Pstensl6 Ihc.
tradenane "HP4500") and as a result, H20=9 ppm and My<10 ppb, and the
obt ai ned prodaét wastesefbhtasod werer rhhrped insal &t Lngouzsnkicked EXAMPLE 5
PREPARATI ON OF ORGANCSI LOXANE COVPOUND HAVI NG SUCH A 31 STRUCTURE THAT A
VI NYL GRGUP f%2PkReEQTLYPBANDEDNTE® Aropping funnel 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’lH—NMR and GC-MS, and the results were as
follows.
'H-NMR: 55.90-6.32 ppm (m,CH=CH,)
GC-MS: Mw=392, Ci1gH240451i,4
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,



SILICON ATOM 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
~droppi ng funnel and a nechanical stirrer in a stream of nitrogen, 500 g
(3.27 nol) of divinyldichlorosilane was dropw se added thereto fromthe
droppi ng funnel at roomtenperature over a period of 1 hour, and reaction
was carried out further for 1 hour. 10 After conpletion of the reaction,
octavi nyl cycl otetrasi |l oxane as an ai ned prdduct was extracted with 1.0 L of
n- pent ane, and the obtai ned n- pentane |ayer was dried by nol ecul ar sieves.
After dryinpanuiacgured3by wekposwaodnatvhyraycPyséenasi fogane 15 as an

ai ned product was obtained fromthe pentane |ayer by distillation under
reduced presttpdengne YHBAEORAS and. 89 aangstRé  cHaVe? sPion aadi Hoolo

di vinyl di chl orosil ane was_ 45.0%_ The .i sol ated octavi nyl cycl ot et rasil oxane
was 20 anal yped. bgndH-ERoRRE1@EAMBroghgtt Wasr 8sglfd @er @ agterdilons.

1H NVR 55.90-6. 32 ppm (m CH=CH2) GC-Ms: Ma=392, Cl6H24M4S14 Furt her,

noi st ure andfﬁﬁgh§§PEﬁFéBﬁtéﬁﬂ§-in 100 g of 25 the obtained

octavi nyl cycl otetrasi | oxane were neasured by neans of a Karl Fischer

noi st ur e et BXAYRHE| €P- M5 (i nductivel y coupl ed pl asma nass spectroneter, 32

PREPARATION OF ORGANOSILOXANE COMPOUND 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: 50.255-0.290 ppm (m, 12H,CH;) 55.90-6.32 ppm

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

GC-MS: Mw=344, Ci3H2404Si,

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")



manuf act ured by Yokogawa Anal ytical Systenms, Inc., tradenane "HP4500") and
as a,result, H20=9 ppm and My<10 ppb, and the obtai ned product was useful
as a material for insulating film 5 EXAMPLE 6 PREPARATI ON COF

ORGANGCSI LOXANE COMPOUND 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 same manner as in
Exanpl e 5 except that 500 g 10 (3.55 nol) of vinylnethyldichlorosilane was
used instead of 500 g (3.27 nol) of diviByldichlorosilane in Exanple 5,
1,3,5 7-tetravinyl-1,3,5,7 tetramethyl cycl otetrasil oxane was produced. The
yield was 18759@Safd feFetldondePsPoRPFaerRe ¥P<18 PPRyl RBChYG chl or osi | ane
was 66.0% The isolated 1,3,5,7-tetravinyl-1,3,5,7-, ) ,

t et r anet hyl cyOIreteeCadrosisie Wags UariWlz &F By MAENIVR larfPT GENE 2 GHRE t he
results were as follows. 1H NVR 50.255-0.290 ppm (m 12H, CH3) 55.90-6. 32
ppm 20 (m 13R18=CH2) GC- MS: Ma=344, Cl2H2404S14 Further, noisture and
magnesi um contents in 100 g of the obtained 1,3,5,7-tetravinyl-1, 3,5, 7-

t et r amet hyl c?élp’gtpé‘t?r g(si | oxane were neasured by neans of a 25 Karl Fischer

nmoi sture neter _.and | CP- V5 fin uctijvely coupled plasma nass spectroneter,
manuf actu?edpﬁ‘f‘sm?‘ol?&ﬁ%R eal Systens, Inc., tradenane "HP4500")

Using a plasma polymerization equipment NL-OPS50FT
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/Si=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



33. 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 PCOLYMERI ZATI ON
"Using a plasma pol ynerizati on equi pnmrent NL- OP50FT nanuf actured by N 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-butoxysilane partial pressure of
0.7 torr at roomtenperature for a polynetization (discharge) tinme of 12

m nutes, and a film _thereof was formed_on a silicon substrate The results

are shown beFSATPLs Fi Ieﬁﬁcﬁ?rtn'&thia&n JimedhvAS IS tHoRYP L L afg WaS 1HDribdsi ti on
(XPS) C=41.3 at% 0=36.7 at% 220aw§ O& =1.88 atomc ratio,

Q' Si =1.67 at 6%0“@%3:2@%&%?&%1&@ ‘hi ABR FREY 5§sa§§clsrhﬁ’ﬁmby SEM
Flat dense film The filmwas a thin film having a high proportion of carbon
(organic SUb?@IPWént) relative to silicon, suitable as a material for

insulating film _2 (IE%%ARATIVE NP F|I fornation by pl asna
pol ymeri zati on m&@ﬁﬂh rfption rate 105 i :

5 Thin film composition (XPS)
C=32.2 at%, 0=40.6 at%, Si=27.1 at%
C/Si=1.19 atomic ratio,
0/Si=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



out on a silicon substrate in the sane manner as in 34 Exanple 7 except

t hat _ di nmet hyl di met hoxysi | ane was used as the nononer to be polynerized. The
"results are shown below. Filmformation rate: 10.8 nmimin. 5 Thin film
conposition (XPS) C=32.2 at% 0=40.6 at% Si=27.1 at% C/ Si=1.19 atomc
ratio, O Si=1.50 atomic ratio Observation of thin filmcross section by SEM
10 Flat dense film The filmformation rate was | ow and the proportion of
carbon (organic substituent) relative to 8blicon was |ow as conpared with
Exanple 7, and only a thin film unsuitable as a material for insulating
filmwas 15 obt aiRIETVEdNPLE gt IPEASMATPCESAERI T2 € FPY nE%¢ mat i on by

pl asma pol ynerization was carried out on a silicon substrate in the sane
manner as in 20 Exanpl & A texd&te thia™ i sopr opyl vi nyl di met hoxysi | ane was
used as the nononer tq be polynerized. The results are, shown below. Film
formation rate: 10t MRtRIIC ThiHm (Y3 & onpdsi 1ok kap)o 2% B8l 6 at %

0=25.1 at% Si=18.3 at% ) ) )
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,
0/8i=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 0/51=1.00 atomic ratio in the monomer was
maintained, and it is suggested that the monomer cyclic

25 structure was maintained.



C/Si=3.09 atomic ratio, O Si=1.37 atomc ratio 35 Cbservation of thin film
cross section by SEM Flat dense film The obtained filmwas a thin film

~having a high proportion of carbon (organic substituent)

relative to 5

silicon, suitable as a material for insulating film EXAMPLE 9 PLASMA
POLYMERI ZATION Fil mformation by plasma pol ynerization was carried out on a
silicon substrate in the sanme manner as in 10 Exanple 7 except that

1,3,5 7-tetravinyl-1,3,5,7- tetranet hyl cyz® ot etrasil oxane was used as the
nononer to be polynerized. The results are shown below. Filmformation
rate: 153 nnEFPHPLETAON film conposition (XPS) 15 C=58.7 at% 0=20.9 at%
Si=20.4 at% C/Si=2.88 atomc ratio, O Si=1.02 atomc ratio Observation of
thin film cr858S¥BcPPOHXMBRIZBMIONE| at dense film 20 The obtained filmwas a
thin filmhaving a_hi %h praoportion _of carbqn (organic substituent)_relative

to silicon, suitadfe

472 Ehole (Y2 P 1AGMa ROUVARSTE ¥4 Waurdaeried he

Q' Si=1.00 atomic ratio.,in the npnoner was npmaintained, and it is suggested
t hat the non@HérOByélﬁéllcon substrate 1n the same manner as in

5 Example 7 except that 1,3,5-triisopropyl-1,3,5-

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/Si=4.36 atomic ratio,

0/Si=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/Si=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.



25.structure was mai ntai ned. 36 EXAMPLE 10 PLASMA POLYMERI ZATI ON Fi Il m
formption by plasma pol ynerization was carried out on a silicon substrate
“in the sane manner as in 5 Exanple 7 except that 1,3,5-triisopropyl-1,3,5-
trivinylcyclotrisil oxane was used as the nononer to be polynerized. The
results are shown below. Filmformation rate: 215 nmimin. Thin film
conposition (XPS) 10 C=68.5 at% 0=15.8 at% Si=15.7 at% C/ Si=4.36 atom c
ratio, O Si=1.01 atomc ratio Cbservation3®df thin filmcross section by SEM
Fl at dense film 15 The obtained filmwas a thin filmhaving a higher
proportion of cafbdi EOgatilons dissts t delnt )"/étidt i ve to silicon than Exanple
9, suitable as a material for insulating film Further, the O Si=1.00
atomic ratio in HHE fdddheOmRes Ifdi it al , and it is suggested that the 20
mononer cyclic structure was maintained. EXAMPLE 11 PLASMA POLYMERI ZATI ON
Filmformation by pl asfa®doBy -z &50n nds *ecartiidd - lo@t%n a silicon

substrate in the sane nanner. as in 25 Example 7 except that
1,3,5-triisopropyl-1,3851=3.18 atomic ratio,

5 0/81i=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



trimethylcyclotrisiloxane was used as the nononmer to be polynerized. The
results are shown below. 37 Filmformation rate: 117 nmimin Thin film
“conposition (XPS) C=60.8 at% 0=20.1 at% Si=19.1 at% C/ Si=3.18 atomc
ratio, 5 O Si=1.05 atomc ratio Cbservation of thin filmcross section by
SEM Flat dense film The obtained filmwas a thin filmhaving a higher
proportion of carbon (organic substituent) relative to 10 silicon than
Exanple 9, suitable as a material for ins88ating film Further, the

Q' Si=1.00 atomc ratio in the nononmer was maintained, and it is suggested
that the noRBFBRPURGCPAYISEr FMCHr & W Urkifaithed. 215 9ISl AL
APPLI CABI LI TY According to the present inyentiqn, the follow n remar kabl e
effects wi || MBET8EEAPREd ITRMREARI/QE BRe 2 leritl oot it AEFriasent

i nvention, a mater.i al haang a low dielectric constant and hi gh nmechani cal
strength 20 PRRIEE pPod Ged158Ta IO divscddtlr B¢ Comdttaftiatatiét al for an
interlayer insulating filmaof g sem, ongfctor devi ce, . by using an

or ganosi | ane1B6RPoEH raﬁ&ﬁﬁﬂaéﬁngogé Hos Gx &5V 'h&A™MgPSsuch a

structure that _.a .secondary _hydrocarbon .group and/or an al kenyl group is 25
i roct 'y bonGEaEs SHELY! PEORSAEGGE i M g EDeY



i nventi on. Fur

ther, according to the present invention, an organosilane

conpound and/ or an organosi| oxane 38 conpound having 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 net hod,
A material for
of the foll ow

can be s efficiently produced with high purity. 39 CLAIMS 1.
insulating filmconprising an organosilicon conpound of one
ng formulae (1) to (4), framwhich an insulating filmis

formed by 5 chem cal vapor deposition of the organosilicon conmpound: an
or ganosi | ane conpound represented by tHe2f¥%fmula (1) having such a

structure that

a_secondary hydrqcarbon, group and an .al kenyl group are

directly bonded fomate&ipilcédRTatBflARINOHILLE ROAPERGIIOME) ~ 2 10 R m

formula (1) wherein each of RL and

represents a CL 20 hydrocarbon group,

. R2 20
R3 represent STHABPS24 1RPHr 6ERPRYRYYPduS FaPitng et TAldRUIrshe HRERR  gr oup,

or an al keny

I
group or a 151

roup and an aryl . group, R4 _represents g CL 10 hydrocarbon
ﬁy&Poééh'athiH{“ ﬁthl&%r BT S UdR G derl Mo 5 #E%"f‘fi/ 2, n

5 chemical vapor 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:

10

R1
HC SIR®(OR®) 4~(mn)

2
R* /m formula (1)

wherein each of R! and R® represents a C;_;g hydrocarbon

group, R® represents a Cj.p hydrocarbon group having at

least one alkenyl group, or an alkenyl group and an aryl

group, R* represents a Ci.io 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=CH R°

oy

formula (2)




represents an integer of froml to 2, and mtn represents an integer of from
2 to,3; an organosil oxane conpound represented by the formula (2) having
such a structure that a secondary hydrocarbon 20 group is directly bonded
to asilicon atom R / R2-C\ R5 Si-Ox formula (2) 40 wherein R1 and R2
are as defined above, R5 represents a Cl_20 hydrocarbon group or a hydrogen
atom and x represents an integer of 2 or above; an organosilane conpound
represented by the formula 5 (3) having4uch a structure that a vinyl group
is directly bonded to a siljicon atom ( r 4~P -)-Si (OR6)4i formula (3)
wherei n R6 réprreetntR’ andl Roakpdrscachoncsr ebpver & Kyaregentatsm and p
represents 2 or 3; 10 an organosil oxane conpound represented by the formul a
(4) having stck BYSrpgetrbere ohavPac¥i ayhvgregsn stogi.r 8 ¥ bonded to a

silicon atom 7\/R7 Si-O
represents an integer of 2 or above;

an organosilane compound represented by the formula
5 (3) having such a structure that a vinyl group is

directly bonded to a silicon atom:

( /‘)—Si(ORG)H
P formula (3)

wherein R® represents a Ci.1o hydrocarbon group or a
hydrogen atom, and p represents 2 or 3;

10 an organosiloxane compound represented by the formula
(4) having such a structure that a vinyl group is

directly bonded to a silicon atom:

nvi
\ Si

o)x

formula (4)

wherein R’ represents one of a C;.50 alkyl group, an

15 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,

20 cyclohexyl, cyclohexenyl or cyclopentadienyl.
3. The material for insulating film according to Claim
1, wherein a vinyl group and an isopropyl group are
bonded to the same silicon atom in the formula (1) or

(2).



x formula (4) wherein R7 represents one of a C1_20 al kyl group, an 15

al kepyl group and an aryl group, and x is as defined above. 2. The materi al
“for insulating filmaccording to claim 1, wherein the secondary hydrocarbon
group in the formula (1) and/or (2) is isopropyl, sec-butyl, cyclopentyl,
20 cycl ohexyl, cycl ohexenyl or cycl opentadienyl. 3. The material for
insulating filmaccording to Caim 1, wherein a vinyl group and an

i sopropyl group are bonded to the sane s¢licon atomin the fornula (1) or
(2). 41 4. The material for insulating f|In1accord|ng to Claim_ 1, wherein
t he organ03|ﬁlcoﬁhﬁoﬁﬁéﬁﬁaaéffPHelpéP%ﬁFénglfl Bn8L6PTEINT; &0 frd adm

i sopropyl vi nyl di met hoxysi | ane, 1sqpr.op IV|nyId|ethoxyS|Ian

1, 3, 5- tr||so§roHP?rfl§ 5hs PFE@PH?P@%EPBtFP@PPH%Qn@ he formula (1)
1,3,5,7- tetralsoprop¥l-1 3,5, 7- tetraV|n |.cycl tetraS|onane and 1,3,5,7,9-
pentalsoprop?P 103 827 95p8H€a9ln§F896P8§%Nﬂ§¥ FgRgheoxys1l ?W@ material for
i nsul ati ng f|In1accord|ng iﬁ ih hgs a . cont ent |npur|t|es
derived from E6PFER¥LYAL &gﬂgF Qﬁ ysi PEn ar & er&redtSPsORy éhén silicon,
car bon, oxygen and hydr Iess t and has i.sture
content o L B84 TR tEb HE o8 LotRB  mlery &1 'r R LFASEORECRY I i Eedor di ng
to Clalnl 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 organosilane compound

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

RI
HC SiR*(ORM 4(m+n)

2
R 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)



1, -wherein the chem cal vapor deposition is plasma 15 enhanced chem cal
vapoy deposition (PECVD). 7. A nmethod for producing the organosilane
- conpound represented by the fornula (1) as defined in laiml:. R H( I i

S R3n( OR4) 4- ( mtn)
as defined above,

R2 Mformula (1) wherein RL, Rz, R3, R4, m n and mtn are
20 whi ch conprises reacting an organi ¢ conpound

represented by the following formula (5 R HCX R2 formula (5) 42
wherein R1 and R2 are as defined above, a#fidl X represents a hydrogen atom a
chlorine atom a bromine atomor an jodine atom wth one of organolithium
netal |ithiuWRegranuRe aRd Retdle mEysiRd AT ®IuER A EorpiitERRS 5 whi ch
a secondary hydrocarbon group and_a lithiumatomor a nagnesium atom are
directly bon@eBYJ#RESFeaEPMng2t RELOBBRE AEA™e oRPSERE IR B @ &0 Féhat ed
organosi | ane jor_,a hal ogenat ed or ganoal koxysi.l ane represented _hy the
fol | owi ng f oiRALES( BFOM10WKTHSRBG( ORAPEIEPLA) thd iyl FStE) it X
represents a fluorine aton1ﬁg chlorine atom a_ brom ne atom or, an i odi ne

d

atom R3 and9RATHLE Z5CGBEC

magnesium to produce a compound in

5 which a secondary hydrocarbon 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' 5SiR*G (OR?) 4= (peq 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:

RY‘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:



above, p represents an integer of fromO to 4, q represents an integer of
froml to 2, and p+g represents 15 an integer of 4 or under, and when a

"hal ogen atom directly bonded to silicon renmains, reacting an al kali netal
al koxi de represented by the followng fornula (7) therewith: RAOM formul a
(7) 20 wherein Mis an alkali netal, and R4 is as defined above, and
carrying out purification by filtration, distillation or columm separation.
8. A nethod for producing the organosil ané3conpound represented by the
formula (2) as defined in daiml1l: t 43 / RLHRzZ-CI1 \ R Si -0 x fornula
(2) wherein R1, R2 ang'R5 are as defined above, which conprises reacting a
hal ogenat ed al koxysj | dne gonpound substituted by a secondary hydrocarbon
group, representedRS'Qﬁ fhe following formula (8) having such a structure
that a secondary hyp€§§?r roup is directly bonded to a silicon atom
R R2_OH

formula (2)

wherein R', 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

R?—CH
Si(OR®X2-5
R® 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



/| St(OR4)6X2_s R5 fornmula (8) wherein R, R2, R4, R5 and X are as defined
abovg, and s 10 represents an integer of fromO to 2, with water in the
“presence of an acid or a base. 9. An insulating filmforned by a PECVD

equi pnment using the material for insulating filmas defined in any one of
Clains 1 to 6. 15 10. The insulating filmaccording to Claim9, which has a
cyclic siloxane structure of the organosil oxane conpound of the fornmula (2)
and/or (4). 11. The insulating filmaccorédng to Claim9 or 10, which is
formed into a gorous body by subjecting the insulating 20 filmto a heat
treat nent at2akeBMpePaPUPe2Bf &f P&EYt JZOLENPEr BEPKEMat whi ch bond between a
silicon atom and one  of a secondary hydrocarbon group, an alkyl group, an
44 al kenyl §Foud BRBLEANGEGFOYr BGYIFS Hﬁéi@@n.thfz.mAuéérﬁl@@né&ﬁfrb@Sdevi ce

using the insulating filmas defined.in an¥ one of Clains 9 to 11.
defined in any one of Claims 9 to 11.



