DESCRI PTION Cyclic sil oxane conmpound, a material for formng Si- containing
film and its use Technical Field [0001] The present invention relates to a
material for formng Si-containing filmand the like, and particularly to
a material for a low dielectric constant interlayer insulating filmused in
mul tilayer interconnect technology in logic ULSI. Especially, it relates to
a material for formng Si-containing filmcontaining a cyclic siloxane
conmpound for plasma polynerization and its use. Background Art [0002] In
production technology in the fieldDHsdrREFEEEGN ed circuit in an electronic

I ndustries, demand for high integration and speed-up is increasing. Wth

respect to cydlliiconsillodanees gipdund ) 0@ ¢ MdtdridBt hedr t hedrmides f ogi@ance by
mniaturization of MOSFET, perfornance of wring connecting those has been

probl enat i o Elihg FiAMCIEdR itk Widd Ng resistance and reduction in
capaci tance betmeen mnrlngs and in interlayer capacitance are required in

order to solM& i Preakdgnin wiring delay due to multilayer interconnects.
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[0001]

The present invention relates to a material for
forming Si-containing film and the like, and particularly
to a material for a low dielectric constant interlaver
insulating film used in multilayer interconnect technology
in logic ULSI. Especially, it relates to a material for
forming Si-containing film containing a cyclic siloxane
compound for plasma polymerization and its use.

Background Art
[0002]

In production technology in the field of integrated
circuit in an electronic industries, demand for high
integration and speed-up is increasing. With respect to
silicon ULSI, especially logic ULSI, rather than
performance by miniaturization of MOSFET, performance of
wiring connecting those has been problematic. Namely,
raduction in wiring resistance and reduction in capacitance
between wirings and in interlayer capacitance are required
in order to solve the problem in wiring delay due to

multilayer interconnects.



[ 0003] Accordingly, at present, instead of alumnumwring used for the
nost part of the in integrated circuit, introduction of copper wring
having a | ower electric resistance and mgration resistance is essential,
and a process of conducting copper plating after seed formation by
sputtering or chem cal vapor deposition (hereinafter abbreviated as CVD)

nmet hod has been used practically. [0004] There are various proposals as a

|l ow dielectric constant interlayer insulating filmmaterial. Heretofore as
the inorganippozystem silicon dioxide (SiQ2), silicon nitride and a
phosphosilicate gl ass have been used, and as the organic systema polyi m de

has been used. HRWeweHingl§CCd Yprébbhtr2 AWsRRY® Obr ORI AMALAM ayiEIRy
honogenous interlayer insulating film fhere are the proposal of
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nononer to obtain and using as a coating eri i nor gani ¢

Spin on d 1nar, I C d the.proposal_of using a polysiloxane
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SOG [OOOSL Further, as 3 nmet hod .of form.ng the insulating film g
eslstance and migration resistance 1s essential, an a

process of conducting copper plating after seed formation
by sputtering or c¢hemical wvapor deposition (hereinafter
abbreviated as CVD) method has been used practically.
[0004]

There are various proposals as a low dielectric
constant interlayer insulating film material. Heretofore
as the inorganic system, silicon dioxide (S5i0;), silicon
nitride and a phosphosilicate glass have been used, and as
the organic system a polyimide has been used. However,
recently, with a purpose of obtaining a more homogenous
interlayer insulating film, there are the proposal of
previously  hydrolyzing, that isg, polycondensing, a
tetraethoxysilane monomer to obtain 8i0,, and using as a
coating material called inorganic Spin on Glass (inorganic
S80G), and the proposal of using a polysiloxane obtained by
polycondensing an organic alkoxysilane monomer, as an
organic SOG.

[0005]

Further, as a method of forming the insulating film,



there are the following two nethods. An application nethod of a coating
nmet hod of coating an insulating film polynmer solution with a spin coat or
the like to forma film and a CVD nmethod of mainly plasma polynerizing in
a plasma enhanced chem cal vapor deposition (PECVD) equipnent to forma
film [0006] As the proposal of the PECVD nethod, for exanple, Patent
Docunent 1 proposes a nethod of formng a trinethylsilane oxide thin film
fromtrinethylsilane and oxygen by the PECVD nethod, and Patent Docunment 2

proposes  GHEINAL- PO FB NG AR P! t6)d %ﬁéxﬁ{@a&xi 36 %é\lyj{&gﬁe{iﬁg%bdi
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form a film,
[0006]

As the proposal of the PECVD method, for example,
Patent Document 1 proposes a method of forming a
trimethylsilane oxide thin film from trimethvlsilane and
oxygen by the PECVD method, and Patent Document 2 proposes
a method of forming an alkylsilane oxide thin film from an
alkoxysilane having a straight-chain alkyl such as methyl,
ethyl and n-propyl, an alkynyl such as vinyl phenyl, and an
aryl group by the PECVD method. Those insulating films
formed with the conventional PECVD method materials have
good adhesion to a barrier metal and a copper wiring
material which is a wiring material, whereas there were the
cases that uniformity of a film becomes problem and film
formation rate and dielectric constant are insufficient.
[0007]

As the proposal of PECVD using a cyclic siloxane,
Patent Document 3 proposes a method of using

tetramethylcyclotetrasiloxane, and Patent Document 4



proposes a nmethod of using tetraal kyl cycl otetrasil oxane,

t et raam nocycl ot etrasi | oxane, octaal kyl cycl otetrasil oxane or

oct aam nocycl ot etrasi | oxane. Those nmethods intend to |ower dielectric
constant by using a cyclic siloxane as a raw material conpound to form
pores in a thin filmformed, while maintaining its cyclic structure in the
thin film fornmed. However, according to the present inventors' finding,
when a filmis formed by PECVD using those substituted cyclic siloxanes, a

thin filmbagdadll eheGldiog CORS!alind' detiad .t%(%lyc%:tfselﬁ(}oisiollbc;ﬁr{@d' Thi s

Is consid ue to that a cyclic stfucture o SiToxane’

conpound i i q% | Rt eqr. i | asma tq far a chain structure, and
t hus does ﬁzoetpt%con i téelote%t%la%cehcha%gr’ous oﬁc!:lar?qfﬂlqlnqy de%ffg‘:]r L{ltccl’ﬂlxearn,é Pat ent
Docunment 5 proposes a Si X- gb red. . cyclic siloxane such as .
hexaret hy| Clgf:ﬁ?mgggxg@ 8%rasz.lo¥ane. hose meL{:(ilodas intend to
1,3,5-trinethyl-1 3,5-triyinyIc%cIotrisionane, and Patent  Docunent 6
pr oposes t&Qﬂﬁﬁﬂéﬁﬁﬁ?QRF%Fngﬁ R3REy B oM Fidge -2 sEBSEICufddoNrBrl Aaark
conmpound and 1, 3,5, 7-tetramethyl - 1,3,5,7-tetraai nyl cyclotetrasil oxane as an
ei ght - menb&@é&yd maé'ﬁ,‘lli%l ForeRQiRd u?@lefoﬁnpl?‘%ﬁﬁ éon@ thhdm fadwmeegrmed,
according to the present inventors' finding, a thin film having dielectric
const ant ofwhides madant2iBing rdis obyalhed structure in the thin film
formed. However, according to the present inventors’
finding, when a film is formed by PECVD using those
substituted cyclic siloxanes, a thin film having dielectric
constant of 1less than 2.7 is not obtained. This 1is
considered due to that a cyclic structure of its cyelic
siloxane compound is easily disintegrated in plasma to form
a chain structure, and thus does not contribute to make a
porous thin film.
[0008]

Further, Patent Document 5 proposes a six-membered
cyclic siloxane such as hexamethylcyclotrisiloxane and
1,3,5-trimethyl-1,3,5-trivinyleyclotrisiloxane, and Patent
Document 6 proposes to copolymerize a bisbenzocyclobutene-
substituted disiloxane compound and 1,3,5,7-tetramethyl-
1,3,5,7-tetravinylcyclotetrasiloxane as an eight-membered
cyclic siloxane under a plasma condition. However,

according to the present inventors’ finding, a thin film

having dielectric constant of less than 2.5 is not obtained



by a nethod of using vinyl- and/or nmethyl-substituted cyclic siloxane as
proposed by those. [0009] Patent Docunent 7 and Patent Docunent 8 propose a
filmformation nethod of a |low dielectric constant thin film by PECVD

met hod using a porogene. The former proposes a nethod of |owering
dielectric constant by feeding triethoxysilane, diethoxynethylsilane and
a-terpinene as a porogene in PECVD equi pnent chanber, form ng PECVD film
and annealing at a tenperature of 400C or higher to vaporize a conmponent

derived froyp aat efpithede off aukhhg Tihyl-t hai@hyr Maké f1gy 1 heub i Ded£ddn
porous. The latter proposes a nethod of |lowering dielectric constant by

suppl yi ng exehad A1 dretdATpenRs Irpicpy: 4, 8- dimethylene, vinylfuryl
et her as porogene, and nitrous oOxide as an oxidizing agent in PECVD

equi pnent q&ﬁﬂgﬁr’ formng PECVD film annealing at a tenperature of 400C
or higher, and ‘vapori zing a conponent derived fromvinylfuryl ether in a
thin film thereg%

| ower dielectric c5%§5%2$°%§%e%gig’;%bﬁ%ﬁ%@%ﬁﬁibﬁéggﬁgngﬁgyg%%ﬁ%ﬁgﬁfx :ffvég
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pr obl ens tfg?lénﬂgiﬁ%égntég%ﬁggrhsfhg a porogene. The former proposes
a method of lowering dielectric constant by feeding
triethoxysilane, diethoxymethylsilane and a-terpinene as a
porogene in PECVD equipment chamber, forming PECVD film,
and annealing at a temperature of 400°C or higher to
vaporize a component derived from o-terpinene in a thin
film, thereby making the thin film porous. The latter
proposes a method of lowering dielectric constant by
supplying cyclo-1,3,5,7-tetrasilylene-2,6-dioxy-4,8-
dimethylene, vinylfuryl ether as pordgene, and nitrous
oxide as an oxidizing agent in PECVD equipment chamber,
forming PECVD film, annealing at a temperature of 400°C or
higher, and vaporizing a component derived from vinylfuryl
ether in a thin film, thereby making the thin film porous,
Those methods can expect to lower dielectric constant by
pore formation. However, the component derived from
porogene is removed from the inside of the thin film once

formed, into the outside thereof by a post-treatment.

Therefore, there are the problems that matrix of the thin



filmis disintegrated, a conposition in the inside of the film becones

het er ogenous, nechani cal strength such as hardness and Young nodul us
deteriorates, pores forned becone a continuous open pore, and diffusion of
a metal conponent into a filmis not prevented. [0010] On the other hand,
as the proposal of coating type, although uniformty of a filmis good,
three steps of coating, solvent renoval and heat treatnent are necessary,

and this is econonically disadvantageous than CVD material. Further, there
are many cgsgg tl@tdfgﬂ?ﬁéQPaEQda Rardonilos iR A ﬁ{‘dtl?ecgﬂggﬁewa the
material as a wiring nmatert al and uniformcoating o a coating liqurd to a
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[0010]

On the other hand, as the proposal of coating type,
although uniformity of a film is good, three steps of
coating, solvent removal and heat treatment are necessary,
and this is economically disadvantageous than CVD material.
Further, there are many cases that adhesion to a barrier
metal and a copper wiring material as a wiring material,
and uniform coating of a coating liquid to a miniaturized
substrate structure become the problem.

[0011]

Further, in the coating type material, a method of
forming a porous material in order to form Ultra Low-k
material having dielectric constant of 2.5 or lower, and
further 2.0 or lower is proposed. There are a method of
forming pores by dispersing organic component fine
particles which are easily thermally decomposed, in a
matrix of an organic or inorganic material, and heat
treating; a method of forming 8$i0; ultrafine particle thin

film by evaporating silicon and oxygen in a gas to deposit



Si02 ultrafine particles forned; and the |ike. However, those pore formng
met hods are effective to lower dielectric constant, but there were the
cases that nechanical property deteriorates, Chem cal Mechanical Polishing
(CWP) becones difficult, and water adsorption gives rises to heighten of a
dielectric constant and wiring corrosion due to adsorption of noisture.
[0012] Therefore, the market further requires materials having good bal ance
satisfying all of the requirenments of |low dielectric constant, sufficient

mechani cal g3lg,enfiitbarH1epheRibPed DRSS ; MRhAl LY YERELON Rbw&apper
di ffusion, plasma ashing resistance, noisture resistance and the like. As
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degree, a material™1s proposed "whic as internediate propertie ween an
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met hod, w thout 7 _
gives rises to heighten of a dielectric constant and wiring

corrosion due to adsorption of moisture.
[0012]

Therefore, the market further requires materials
having good balance satisfying all of the requirements of
low dielectric constant, sufficient mechanical strength,
adhesion to a barrier metal, prevention of copper diffusion,
rlasma ashing resistance, moisture resistance and the like.
As a method of satisfying those requirements with good
balance in a certain degree, a material is proposed which
has intermediate properties between an organic peclymer and
an 1inorganic polymer by increasing carbon proportion of
organic substituents to silane in an organic silane
material. For example, Patent Document 9 proposes a method
of obtaining an interlayer insulating film having
dielectric constant of 2.4 or less using a coating solution
obtained by  Thydrolytically polycondensing a silicon
compound having an adamantyl group in the presence of an

acidic aqueous solution by a sol-gel method, without



form ng pores. However,

equi prent  far
Si - cont ai ni ng 4&},\,&13 (r?éar

R e

this material is a coating type material, and still
has the problemof the filmformng nethod by a coating type as descri bed
above. [0013] Patent Docunent 1. JP-A-2002-110670 Patent Document 2:
JP-A-11-288931 Patent Docunent 3: Patent No. 2067801 Patent Docunent 4:
JP- A-5-279856 Patent Document 5: WD 03/019645 panphl et Patent Docunent 6:
JP- A-2004- 47873 Patent Docunent 7: JP-A-2005-19980 Patent Docunent 8:
JP- A- 2001- 298023 Patent Docunent 9: JP-A-2000-302791 Disclosure of the

I nvention Rrgdiei Hbdést he HomeoRlr ONelSs t RaBakY81 [1014] cHaRikiEeSeRte

i nvention has been made in view of the above problens, and its object is to

provide a npiwddiall foandf %rﬂmrig ey elene -SAN PRI B TLRN f&i&e%&rhl\/n&
mat eri al contalnlng a cyclic siloxane compound suitable to a PECVD
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Disclosure of the Invention

Problems that the Invention is to Solve

[0014]

The present invention has been made in view of the

above problems, and its object is to provide a material for

forming novel Si-containing film, especially a material

containing a cyclic siloxane compound suitable to a PECVD

equipment for low dielectric constant insulating f£ilm, and

to provide an 8i-containing film using the same, and a

semiconductor device containing those films.

Means for Solving the Problems



[ 0015] The present inventors have found that a cyclic siloxane conpound
havi ng a substituent containing a hetero atomis suitable as an insul ating
film especially a low dielectric constant interlayer insulating film
material for a sem conductor device, and acconplished the present

I nvention. [0016] That is, the present invention relates to a material for
formng Si-containing film characterized by containing a cyclic sil oxane
conmpound represented by the followi ng general formula (1) [0017] [Chem 1]
(Al " I \foomsy R/ 2 n SIOXO0 (1) (Inthe fornula, A represents a group
containing at | east one selected fromthe group consisting of an oxygen

atom a boron atree apteeit! I A@RRNEHE MRl FRIHESAHS a a hyEfOUEsn at om
or a hydrocarbon group. nis 1 or 2, and x is an integer of from2 to 10.).
9 siloxane compound having a substituent containing a hetero

atom is suitable as an insulating film, especially a low

dielectric constant interlayer insulating film material for

a semiconductor device, and accomplished the present

invention.

[0016]

That is, the present invention relates to a material

for forming Si-containing film, characterized by containing

a cyclic siloxane compound represented by the following

general formula (1)

[0017]

[Chem. 1]

(A\)n (/R’ )Z—n

Si—O

(1)

{In the formula, A represents a group containing at least
one selected from the group consisting of an oxygen atom, a
boron atoem and a nitrogen atom, and R' represents a
hydrogen atom or a hydrocarbon group. n is 1 or 2, and x

is an integer of from 2 to 10.).



[0018] Further, the present invention resides in a production nmethod of an
Si-containing film characterized by using the above-described material for
forming Si- containing filmas a raw material. Further, the present

i nvention relates to an Si-containing film characterized by being obtained
by the above-described nethod. Further, the present invention resides in a
production nethod of an Si-containing film characterized by subjecting the
above- described Si-containing filmto heat treatnent, ultraviolet

i rradi ati oroo@gt ment or electron ray treatnent. Further, the present

i nvention resides in an Si-containing film characterized by bei ng obtai ned

by the above- desguikedr ,proghst | @raBuod. imNiddtaon t heeBR@saNt {AVention
resides in a sem conductor device, characterized by using the

above- desc?zia%c%m%orm@tm@gokl I aélasbﬁm&kfﬁggn@l&h' Mehd rizdd her,

the present invention resides in a cyclic siloxane COITpOUﬂ characterized

by being T e e3RIGT Bk t BB (L haYLPOLEEN 2L ERL Y Aok 200 LRORP) sd Chem

containing film as a raw material. Further, the present
invention relates to an Si-containing film, characterized
by being obtained by the above-described method. Further,
the present invention resides in a production method of an
Si-containing film, characterized by subjecting the above-
described Si-containing film to heat treatment, ultraviolet
irradiation treatment or electron ray treatment. Further,
the present invention resides in an Si-containing film,
characterized by being obtained by the above-described
production method. Further, the present invention resides
in a semiconductor device, characterized by using the
above-described S8i-containing film as an insulating film.
[0019]

Further, the present inventicn resides in a cyclic
siloxane compound, characterized by being represented by
the following general formula (20)

[0020]

[Chem. 2]
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IH2C h R19 Si - OB (20) (In the fornula, R1B represents a hydrocarbon
group, and R19 represents a hydrogen atom or a hydrocarbon group. g is an
integer of from2 to 10, and h is an integer of froml1l to 3.). Advantage of
the Invention [0021] According to the present invention, the foll ow ng
remar kabl e effects are exhibited. That is, as a first advantage of the
present invention, a material having a low dielectric constant and high
mechani cal strength can be provided as a |low dielectric constant nateri al
inan interlgtyer insulating filmof a sem conductor device, by using the
cyclic siloxane™onmpound represented by the general fornula (1) as a
material for, foygsMng Si-containing film Further, the present invention can
produce a cﬁqgc si | oxane conpound represented by the general forrmula (1)

which is uséfulXhs a PECVD net hod interlayer insulating 11 filmmaterial in
high purity with\googiefficiency. Brief Description of the Draw ngs
/
Si-—0

£

(20)
(In the formula, R' represents a hydrocarbon group, and R'®
represents a hydrogen atom or a hydrocarbon group. g is an
integer of from 2 to 10, and h is an integer of from 1 to
3.).
Advantage of the Invention
[0021]

According to the present invention, the following
remarkable effects are exhibited. That 1is, as a first
advantage of the present invention, a material having a low
dielectric constant and high mechanical strength can be
provided as a low dielectric constant material in an
interlayer insulating film of a semiconductor device, by
using the cyeclic siloxane compound represented by the
general formula (1) as a material for forming Si-containing
film. Further, the present invention can produce a cyclic
siloxane compound represented by the general formula (1)

which is useful as a PECVD method interlayer insulating

11



[0022] [Fig. 1] Fig. 1 is a view showing a parallel plate capacitively
coupl ed PECVD equi pnent. [Fig. 2] Fig. 2 is a view showi ng an inductively
coupl ed PECVD equi pnent. Description of Reference Nunmerals and Signs

[0023] 1. PECVD equi pnent 2. PECVD chamber 3. Upper electrode 4. Lower

el ectrode 5. Substrate for formng thin film 6. Matching circuit 7. RF
power source 8. Tenperature control equipnent 9. Vaporizer 10. Liquid flow
rate control equipnent 11. Gas flow rate control equipnent 12. Contai ner

13. Conpourd 1kepadeaikad iby Hilm geransl Widhnygcdd Befikdeddpi ng 15. Pi ping
12 16. Exhaust equi pnment 17. Earth ground
Brief Description of the Drawings
[0022]
[Fig. 1] Fig. 1 is a wview showing a parallel plate
capacitively coupled PECVD edquipment.
[Fig. 2] Fig. 2 is a view showing an inductively coupled
PECVD equipment.
Description of Reference Numerals and Signs
[0023]
1. PECVD equipment
2. PECVD chamber
3. Upper electrode
4. Lower electrode
5. Substrate for forming thin film
6. Matching circuit
7. RF power source
8. Temperature control equipment
9. Vaporizer
10. Liquid flow rate control equipment
11. Gas flow rate control equipment
12. Container
13. Compound represented by the general formula (1)
14. Piping

15. Piping

12



18. Earth ground 19. PECVD equi pnent 20. PECVD chamber 21. Coil 22.
Quartz pipe 23. Heater part 24. Substrate for formng thin film 25.

Mat ching circuit 26. RF power source 27. Tenperature control equi pnent 28.
Vaporizer 29. Liquid flowrate control equipnment 30. Gas flow rate control
equi prent 31. Shower head 32. Container 33. Conpound represented by the
general fornmula (1) 34. Piping 35. Piping 36. Exhaust equipnment 37. Earth
ground , Best Mdde for Carrying Qut the Invention [0024] 13 The present

invention is desqrd_b@;‘ﬂﬁsc{etéadid&@nqw [ 0025]
17. Earth ground
18. Earth ground
19. PECVD equipment
20. PECVD chamber
21. Coil
22. Quartz pipe
23. Heater part
24. Substrate for forming thin film |
25. Matching circuit
26. RF power source
27. Temperature control equipment
28. Vaporizer
29. Liquid flow rate control equipment
30. Gas flow rate control equipment
31. Shower head
32. Container
33. Compound represented by the general formula (1)
34. Piping
35. Piping
36. Exhaust equipment
37. Earth ground
Best Mode for Carrying Out the Invention

(0024}
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In the present invention, a hydrocarbon group showmn by Rl, and R2, R4, R 6,
RBr ROr Rioi R'i Rz RI3r Ra Rlsr Rifi R12'" r r Rl7, R o and R19 shown
hereinafter is preferably a saturated or unsaturated hydrocarbon group, and
may have any of straight-chain, branched-chain and cyclic structures.
Further, in the general formulae (3), (5) and (7) shown below, when p, g or
ris 2 or nore, the respective formulae may be bonded with each other to
forma cyclic structure. Were the nunber of carbon atons exceeds 20, it

ey be i f 11 cUl trried piladht! AWVERIIOR 1 o5 ek 3 P iG0dASAANdd Yy OF gani ¢

hal i de, and even if got, its purity may be |low  Further, ere considering

stabl e use [gy-%1CVD equi pnent, a hydrocarbon group having from1l to 6
carbon ato I's” particularly preferable in the point that vapor pressure of

an organic sil aneg do%not be,(ii(gm?i too,.l.ow. [0026], The drocar bon group
shown by R1, andlR2, U, PEBSSRE 1RYSN&ISN pp Dy@yocarppn gmppp shownpg |

R17 , R18 and R19 showa hegeinaftar ig nof, pariicularly,|limted,, but,is
pr ef er abl y%yar}f{ al E‘?Fi c:!ﬁ'ouB ha%i'n(f frr S 1Rt°0 & car%ém §tsdr’rr§ 4anRgrfyIR 6group,

aroup, an FkerSlaand GrOURRORN heRSARRFASE droRFeSAFARIN & RATAReAp and

an al kynyl aryl
or unsaturated hydrocarbon group, and may have any of
straight-chain, branched-chain and c¢yclic structures.
Further, in the general formulae (3), (5) and (7) shown
below, when p, g or r is 2 or more, the respective formulae
may be bonded with each other to form a cyclic structure.
Where the number of carbon atoms exceeds 20, it may be
difficult to get a raw material such as the corresponding
organic halide, and even if got, its purity may be low.
Further, where considering stable use in a CVD equipment, a
hydrocarbon group having from 1 to 6 carbon atoms is
particularly preferable in the point that vapor pressure of
an organic silane does not become too low.
[0026]

The hydrocarbon group shown by R}, and R?, R*, R®, RS,

RQ , RIO , R11 , R12 , R13 , R14 , R15 , RlG , Rl'? , R18 and R19 shown
hereinafter is not particularly limited, but is preferably
an alkyl group having from 1 to 6 carbon atoms, an aryl

group, an arylalkyl group, an alkylaryl group, an alkenyl

group, an arylalkenyl group, an alkenylaryl group, an
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group, and nore preferably an al kyl group having from1l to 6 carbon atons
and an aryl group. [0027] Specific exanple include al kyl groups such as

nmet hyl, ethyl, n-propyl, i-propyl, cyclopropyl, n-butyl, i-butyl,
sec-butyl, tert-butyl, cyclobutyl n-pentyl, tert-anyl, cyclopentyl,

n- hexyl, cycl ohexyl and 2-ethy|hexy|; aryl groups such as phenyl, di phenyl
and napht hyl; arylal kyl groups such as benzyl and nethyl benzyl; and

al kylaryl groups such as o-toluyl, mtoluyl, p-toluyl, 2,3- dinethylphenyl,
2, 4-di met hyghemil . g2oapdi NBANY yny2, r%?}?t BRHPPERY a1 kvnvlarvl
3, 4- dlnethylphenyl 305 dlnethylp eny %' rlnethylphé%yf¥ny arY

0- ethylphe%y réré%g&éb t f?9¥| L3 Zﬁhl BWr teher, ex | es

i ncl ude al o;ﬂ groups such as Vi ny][f ggro en Vi %rbut('?’en;e/ﬁ e

1, 3- but adi penten 2- cyclopentenyl

cycl opent af?n cr?;/rPorP r}tc’ﬁn%/cyc operyﬁ 3’ gn;ﬂ et hyl cycl opent adi enyI 1- hexenyl ,

1- cyclohexiﬁé 7 2, 4-cycl ohexadi enyl, 2, cyclohexadlenyl

2,4,6-cycl 6t§trienyl and 5- nor bor nen- 2- yl; arylalkenyl groups such as

2-pheny|-|-ethen% alkenylaryl groups such_  as o-styryl, mstyryl and

p-styryl: al kynyPPg§R3tps SxeArle incdirign@lkyil ;ﬂ%&ﬁﬁ/lsu@ oty L

1-butynyl, 2-butynyl, 3- )
ethyl, n—propyl, i-propyl, cyclopropyl, n-butyl, i-butyl,
sec-butyl, tert-butyl, c¢yclobutyl, n-pentyl, tert-amyl,
cyclopentyl, n-hexyl, cyclohexyl and 2-ethylhexyl; aryl
groups such as phenyl, diphenyl and naphthyl; arylalkyl
groups such as benzyl and methylbenzyl; and alkylaryl
groups such as o-toluyl, m-toluyl, p-toluyl, 2,3-
dimethylphenyl, 2,4-dimethylphenyl, 2,5-dimethylphenyl,
2,6-dimethylphenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyl,
2,4,6-trimethylphenyl, o-ethylphenyl, m-ethylphenyl and p-
ethylphenyl.
[0028]

Further examples include alkenyl groups such as vinyl,
allyl, 1l-propenyl, 1l-butenyl, 1,3-butadienyl, 1l-pentenyl,
l-cyclopentenyl, 2-cyclopentenyl, cyclopentadienyl,
methylcyclopentadienyl, ethylcyclopentadienyl, 1-hexenyl,
l-cyclohexenyl, 2,4-cyclohexadienyl, 2,5-cyclohexadienyl,
2,4,6-cycloheptatrienyl and 5-norbornen-2-yl; arylalkenyl

groups such as 2-phenyl-l-ethenyl; alkenylaryl groups such

as o-styryl, m-styryl and p-styryl; alkynyl groups such as
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butynyl, 1-pentynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, 1- hexynyl,
3-hexynyl and 5-hexynyl; aryl al kynyl groups such as 2-phenyl-I|-ethynyl; and
al kynyl aryl groups such as 2- ethynyl-2-phenyl. [0029] O those, an al kyl
group having from1l to 4 carbon atons and phenyl group are particularly
preferable. [0030] In the above general forrmula (1) , A represents a group
containing at | east one selected fromthe group consisting of an oxygen
atom a boron atomand a nitrogen atom and nay have any of strai ght-chain,

branched-ca@hgnyaod13§3d¢yﬁyrpcpuﬁg§p¥5993lh~NﬁEthmJ,2£bﬁ99ﬁ§19!@9 oxygen

Is preferable, and the exanple thereof 1 ncludes an oxygen-containi ng group

repr esent ofubynivhe hobAthAg10eneBhuAYIY a-ERhiAQI2] 4 kSRR 102 (2

(In the formula, R2 are the sane as definéd a r e follow ng

gener al foggg&gyﬁ§);igﬁééhuﬁ§ L&Qethékynyl; arylalkynyl groups such

as 2-phenyl-l-ethynyl; and alkynylaryl groups such as 2-
ethynyl-2-phenyl.
[0029]

Of those, an alkyl group having from 1 to 4 carbon
atoms and phenyl group are particularly preferable.
{0030]

In the above general formula (1), A represents a
group c¢ontaining at least one selected from the group
consisting of an oxygen atom, a boron atom and a nitrogen
atom, and may have any o©of straight-chain, branched-chain
and cyelic structures.

[0031]

Above all, A containing oxygen is preferable, and the
example thereof includes an oxygen-containing group
represented by the following general formula (2)

[0032]
[Chem. 3]

-0-R? (2)

(In the formula, R? are the same as defined above),
or the following general formula (3)

[0033]
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-RB_ (-ORz)P (3) (Inthe formula, R2 are the sane as defined above, R3
represents a hydrocarbon residue. p is the nunber of OR2 as a substituent
on R3, and is an integer of 1 or nore.). [0034] Exanples of R3 in the above
general formula (3), and R5 and Rl shown hereinafter include hydrocarbon
resi dues having structures in which p, q or r hydrogen atons are
elimnated fromthe structures of hydrocarbon groups shown as the exanples
of R, R RRERBR RoR1RI2 Rls R4 R5R6 R7, RI8 and R19,
respectivehtheﬁ'sqqurated or unsaturated hydrocarbon residue having from1
to 20 carbon atons is preferable, and may have any of straight-chain,
branched-chai n angsc gélﬁ;structures. [ 0035] Where the nunber of carbon

at ons exceeds 20, vagor aPessure of an organi c silane formed becones | ow,

and it may_be difficult to use in a PECVD equi pnent .esuj ti in

unf avor abl & *&as .eTtéOIK\m'bJo% athi fF oxyg&n ?gﬁﬁré%rﬁﬂfg}n ﬁp’glfﬁy g%c])up, a
si | anoxy group, an al kox arzl grou or _an alkoxyalkﬁl group, and norg

pr ef er abl y TERRTESROLS g"}o%%d A ?h%’[i)f FER ULy 4Rcarhohhat sERer BferR group
whi ch has an al koxy group having from1l to 4 carbon atons as a 17

substit uenBs @r sppsiibendr &% Rhavahg ifoanlinbegesapboh or more.).

[0034]

Examples of R®? in the above general formula {3), and
R’ and R’ shown hereinafter include hydrocarbon residues
having structures in which p, g or r hydrogen atoms are
eliminated from the structures of hydrocarbon groups shown
as the examples of R', R?, R*, R®, R®], R®’, R'°, R, R'?, R?3,
R, RS, R, R, R and R'?, respectively. A saturated or
unsaturated hydrocarbon residue having from 1 to 20 carbon
atoms is preferable, and may have any of straight-chain,
branched-chain and cyclic structures.

[0035]

Where the number of carbon atoms exceeds 20, vapor
pressure of an organic silane formed becomes low, and it
may be difficult to use in a PECVD equipment, resulting in
an unfavorable case. The A containing oxygen is preferably
an alkoxy group, a silanoxy group, an alkoxyaryl group or
an alkoxyalkyl group, and more preferably an alkoxy group
having from 1 to 4 carbon atoms, a phenyl group which has

an alkoxy group having from 1 to 4 carbon atoms as a
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atons whi ch has an al koxy group having from1 to 4 carbon atons as a
substituent. RL in this case is preferably an al kyl group having from1l to
6 carbon atons, and nore preferably an alkyl group having from1l to 4
carbon atons. (0036] Exanple of the A containing nitrogen includes a

ni trogen-contai ning group represented by the followng general fornmula (4)
[0037] [Chem 5] R4 NR4 (4) (Inthe formula, R4 is the sane as defined
above), or the followi ng general forrmula (5) [0038] [Chem 6] R4 R5 N 4

5 L5, (L SR ol RSSO 0 LRGBS LA
atoms which has an alkoxy group having from 1 to 4 carbon
atoms as a substituent. R' in this case is preferably an
alkyl group having from 1 to 6 carbon atoms, and more
preferably an alkyl group having from 1 to 4 carbon atoms.
{00386]

Example of the A containing nitrogen includes a
nitrogen-containing dgroup represented by the following
general formula (4)

[0037]

[Chem. 5]

R (4)
(In the formula, R!' is the same as defined above),

or the following general formula (5)

[0038]
[Chem. 6]
a

—R"® N\\

4

R

9 (5)

(In the formula, R®* is the same as defined above. R®

represents a hydrocarbon residue. g is the number of NR*,
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18 as a substituent on R5, and is an integer of 1 or nore.). |In the above
formula, R4s may be the sane or different. The A containing nitrogen is
preferably an al kyl am no group, a dialkylam no group, an arylam no group or
a diarylamno group. [0039] Exanple of the A containing boron include a
boron- containing group represented by the follow ng general fornula (6)
[0040] [Chem 7] 6 R6 R6 (6) (In the formula, R6 is the sane as defined
above), or the followi ng general forrmula (7) [0041] [Chem 8] R6 R7 B\

R6 1 (7) (ki tahesdd titwen RBohSRE heaﬁarr&sa%rﬂeifmf@&elabsfel Ré nd §sents a
hydr ocarbon residue. r is the nunber of BR62 19
In the above formula, R's may be the same or different.
The A containing nitrogen is preferably an alkylamino group,
a dialkylamino group, an arylamino group or a diarylamino
group.
[0039]

Example of the A containing boron include a boron-

containing group represented by the following general

formula (6)
[0040]

[Chem. 7]

R (6)

(In the formula, R® is the same as defined above),

or the following general formula (7)

[0041]
[Chem. 8]
RS
. L
—QR B\\
R®
r (7)
(In the formula, R® is the same as defined above. R’

represents a hydrocarbon residue. r is the number of BRY,
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substituted on R7, and is an integer of 1 or nore.). In the above formnula,
R6s may be the sanme or different. The A containing boron is preferably an
al kyl boron residue or an al koxyboron residue. [0042] Further, a nmaterial

for formng Si-containing film characterized by containing a cyclic

si | oxane conmpound represented by the general formula (1) having a structure
that substituents of the general forrmulae (2) to (7) are present as a

m xture is included in the scope of the present invention. [0043] In the
general fosobsaithredwren K, isnd $ecardaiwytedwdr o€arlbosr gnonp .9l aIrertiary
hydr ocar bon group, directly bonded to Si atom the cyclic siloxane conpound

represent edhebubbie Foraidla,f ®eumay( by itheSlsaltid icZe i fFddaasta, Md2a thin
filmhaving a | ow dielectric constant value and high nechanical properties

i s obtai nedonplii fRnkS bR liaP| BrefdMENRE an Nal By PHEESHARLY 1 dueX drS an
preferably 3 to 4, and a nolecular weidght of the cyclic siloxane conpound

B TSR St o (1) 3 prererably Lessthan 1,000
[0042]

Further, a material for forming Si-containing film,
characterized by containing a c¢yclic siloxane compound
represented by the general formula (1) having a structure
that substituents of the general formulae (2) to (7) are
present as a mixture is included in the scope of the
present invention.

[0043]

In the general formula (1), when R' is a secondary
hydrocarbon group or a tertiary hydrocarbon group, directly
bonded to $i atom, the cyclic siloxane compound represented
by the general formula (1) is stabilized in plasma, and a
thin film having a low dielectric constant value and high
mechanical properties is obtained, which is preferable.
Further, n is preferably 1, x is preferably 3 to 4, and a
molecular weight of tha cyclic siloxane compound
represented by the general formula (1) is preferably less
than 1,000.

(0044]

Specific examples of the c¢yclic siloxane compound
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represented by the general formula (1) include 2,4, 6-
tritert-butyl-2,4,6-trinethoxycyclotrisiloxane, 2,4,6-
trisec-butyl-2,4,6-trinmethoxycyclotrisiloxane, 2,4, 6-
triisobutyl-2,4,6-trinmethoxycyclotrisiloxane, 2,4,6-tri-n-

butyl -2, 4, 6-trinmethoxycycl otrisil oxane, 2,4,6-tricycl o-

butyl -2, 4, 6-trimethoxycyclotrisiloxane, 2,4,6-triisopropyl-
2,4,6-trinethoxycyclotrisiloxane, 2,4,6-tri-n-propyl-2,4,6-

tri met hoxy gyphrelsentiddoxage, thed, §ehérsYCl OPFARYA - 2(P) 6-include 2,4,6-
trimethoxycyclotrisiloxane, 2,4,6-triethyl-2,4,6-tri-

met hoxy cy Cle@% fle3itl-exdya -and ,%Pﬂo&nbrﬂhﬁs&%ﬂwcﬂ%&»i@-nqxane, 2,4,6-
trimet hoxycyclotrisil oxane. [0045] Further exanpl es include
2,4, 6-11it el AUl yhivg14064 lgliteli RRUEH lotdi @43 -
2.4, 6-trisec-l§uty|-2%’4, 6-tri- et hoxycydl alet Iloxan%gc,ane’ 2,48
2,4,6-trii tyh- G- triel - L Sil.oxane b
2 YRR 8 e B e, 2,4, 6-trin
2,4,6-tricyclobutyl -2, 4, 6-triethoxygyclq- .trisil oxane, ,
506 tr1 1 BV O Ll O A P L e ane. | 2.4, 6-tricyelo-
2,4,6-tri-n-propyl-2,4,6-triethoxycyclotri- siloxane, o
2, 4, 6-t ri cPERPIEpdi-67 tFimathioayay; isidioxadyq oxarfe,6-triisopropyl-
2,4,6-triethyl-2,4,6-triethoxycyclotrisiloxane and
2, 4, 6- t ri mét By6-Erimethoxpcaysdpdyrdisdtlioxaineox Z2nd. , §-0046Tn -Rurardr— Zexdarfpt
i nclude 2,4,6-tritert-butyl-2,4,6- 21
trimethoxycyclotrisiloxane, 2,4,6-tricyclopropyl-2,4,6-
trimethoxycyclotrisiloxane, 2,4,6-triethyl-2,4,6-tri-
methoxycyclotrisiloxane ‘and 2,4,6-trimethyl-2,4,6-

trimethoxycyclotrisiloxane.
[0045]

Further examples include 2,4,6-tritert-butyl-2,4,6-
triethoxycyclotrisiloxane, 2,4,6-trisec-butyl-2,4,6-tri-
ethoxycyclotrisiloxane, 2,4,6-triisobutyl-2,4,6-triethoxy-

cyclotrisiloxane, 2,4,6-tri-n-butyl-2,4,6-triethoxycyclo-

trisiloxane, 2,4,6-tricyclobutyl-2,4,6-triethoxycyclo-
trisiloxane, 2,4,6-triisopropyl-2,4,6-triethoxycyclotri-
siloxane, 2,4,6-tri-n-propyl-2,4,6-triethoxycyclotri-
siloxane, 2,4,6-tricyclopropyl-2,4,6-triethoxycyclotri-
siloxane, 2,4,6-triethyl-2,4,6-triethoxycyclotrisiloxane

and 2,4,6-trimethyl-2,4,6-triethoxycyclotrisiloxane.
[0046]

Further examples include 2,4,6-tritert-butyl-2,4,6-

21
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tri-n-propoxycyclotrisiloxane, 2,4,6-trisec-butyl-2,4,6-
tri-n-propoxycyclotrisiloxane, 2,4,6-triisobutyl-2,4,6-tri-

n- propoxycyclotrisil oxane, 2,4,6-tri-n-butyl-2,4,6-tri-n-
propoxycyclotri sil oxane, 2,4,6-tricyclobutyl-2,4,6-tri-n-
propoxycyclotri sil oxane, 2,4,6-triisopropyl-2,4,6-tri-n-
propoxycyclotrisil oxane, 2,4,6-tri-n-propyl-2,4,6-tri-n-
propoxycyclotri sil oxane, 2,4,6-tricyclopropyl -2, 4, 6- tri-n-

pr opoxycyclt@&r-hsE&%@&? éa%tws&u%&axb 1,3, 2, etr clotyrigsi | oxane
and 2,4 trimethyl trl-n- propoxycyclotr|5|loxane [0 47] "Furt her

exanpl es | Rehudleptopolyiticheies Bl bheaet & 4l e raananRAXAYY O fd-Riaxane,

2,4,6-trisec-butyl triisopropoxycycl’ot’risil oxane,

2,4,6-triiso AR oxycycl,0 ;19X _
2,4,6-tri - % EéPxéch ot lSléggro%Bxyc?dﬂdkiﬁi I%&gh%wl ~2,4,6-tri-n
2,4,6-tric clobu rii_soprop Iotr|S|

24611 PESRS ﬁ&%l%ﬁ%@&ﬁwopo% YLsBYI-2,4, 6-txin-
2,4,6-tri-n-p pyl-2,4,6- triisopropox cyclotr|S|onane
2,4,6-tricPEPBBF@EVFi?tﬁléllPF@P§bprop% Jofeitinisontoryis 2,4, 6-tri-n-
2,4,6-triethyl-2,4,6- triisopropoxycyclotrisiloxane and

2. 4. 6-tri mPERPEXYCHCAotriisidexasgoxy cy @ dt B dinionaRs oRYIoA8)4 Mntten-
exanpl es include 2,4,6,8-tetratert-butyl- 22

propoxycyclotrisiloxane, 2,4,6-tricyclopropyl-2,4,6-tri-n-
propoxycyclotrisiloxane, 1,3,5-triethyl-1,3,5-tri-n~
propoxycyclotrisiloxane and 2,4,6-trimethyl-2,4,6-tri-n-
propoxycyclotrisiloxane.

[0047]

Further examples include 2,4 ,6-tritert-butyl-2,4,6~

triisopropoxycyclotrisiloxane, 2,4,6-trisec~butyl-2,4,6-
triisopropoxycyclotrisiloxane, 2,4,6-triisobutyl-2,4,6-
triisopropoxycyclotrisiloxane, 2,4,6-tri-n-butyl-2,4,6-

triisopropoxycyclotrisiloxane, 2,4,6-tricyclobutyl-2,4,6-
triisopropoxycyclotrisiloxane, 2,4,6-triisopropyl-2,4,6-
triiscpropoxycyclotrisiloxane, 2,4,6-tri-n-propyl-2,4,6-
triisopropoxycyclotrisiloxane, 2,4,6-tricyclopropyl-2,4,6-
triisopropoxycyclotrisiloxane, 2,4,6-triethyl-2,4,6-
triisopropoxycyclotrisiloxane and 2,4,6-trimethyl-2,4,6-
triisopropoxycyclotrisiloxane.

[0048]

Further examples include 2,4,6,8-tetratert-butyl-
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-tetranet hoxycycl otetrasil oxane, 2,4,6,8-tetrasec-

, 4,6, 8-tetranet hoxycycl otetrasil oxane, 2,4,6,8- tetraisobutyl-2,4,6,
nethoxycyclotetra5|onane

-tetra-n-butyl-2,4,6, 8-tetranet hoxycyclotetra- sil oxane,
tetracyclobutyl-2,4,6,8-tetranethoxy- cycl otetrasil oxane,

-tetrai sopropyl -2,4,6,8-tetra- methoxycycl otetrasil oxane,
-tetra-n-propyl -2, 4,6, 8- tetranmethoxycycl otetrasil oxane,

- t ebor,ac G IsoRledipilme tAokyRyel bletaamt Nexuexs| ot & 1Y | Gasec-
-tetraethyl- 2,4,6, 8- tetranethoxycyclotetra5|onane and 2, 4,6, 8-
thy k@A -, 8- (68 BARRARELEY AU Oxardd049] Fy ey gexanpl es

me
de 2,4,6,8-tetratert- butyl - 2, 8 tetraethoxycyclotetra3|onane
, 8-

te AR t
,8 te1t;tr gc?gﬁ'gc? yll % g % % E%Etra \%‘%tg’{ ras% gx)&?r%gfe’z 4,6, 8-
bu yl t et raet hoxycyclote |Io ne
é\‘d%c'l%og’&t R g’“% g%étar’e?ét%hgf} S Py QS ERRS
tetr |so ropyl-2,4,6,8 tetraethoxy C clotetra3|loxane
_{ oFR OB Rupy | - 22446 5 BT A ER o B th o G TEmeL ey -
yclopropyl 2,4, 6, 8- tetraethoxycyclotetra5|onane

|t eCHFAORRtrasiloFagey ot r ZotihGuPoyE R EORIIRNa% bt B teteas:

thyl-2, 4, 6, 8-tetraethoxycyclotetrasil oxane. 23
methoxycyclotetrasi1oxane, 2,4,6,8-tetra-n-propyl-2,4,6,8-

OOODOOOOOOODQJ I\)OO

""NCOI\)I\JN"’I\)I\J_"’I\)I\JNI\)I\)I\JGJUI\)
GJO CD@GJD

3

tetramethoxycyclotetrasiloxane, 2,4,6,8-tetracyclopropyl-
2,4,6,B-tetramethoxycyclotetrasiloxane, 2,4,6,8-tetraethyl-
2,4,6,8-tetramethoxycyclotetrasiloxane and 2,4,6,8-
tetramethyl-2,4,6,8-tetramethoxycyclotetrasiloxane.

[0049]

Further examples 1include 2,4,6,8-tetratert-butyl-
2,4,6,8-tetraethoxycyclotetrasiloxane, 2,4,6,8-tetrasec-
butyl-2,4,6,8-tetraethoxycyclotetrasiloxane, 2,4,6,8-tetra-
isobutyl-2,4,6,8-tetraethoxycyclotetrasiloxane, 2,4,6,8-
tetra-n-butyl-2,4,6,8-tetraethoxycyclotetrasiloxane,
2,4,6,8-tetracyclobutyl-2,4,6,8-tetraethoxycyclotetra-
siloxane, 2,4,6,8-tetraisopropyl-2,4,6,8-tetraethoxy-
cyclotetrasiloxane, 2,4,6,8-tetra-n-propyl-2,4,6,8-
tetraethoxycyclotetrasiloxane, 2,4,6,8-tetrcyclopropyl-
2,4,6,8-tetraethoxycyclotetrasiloxane, 2,4,6,8-tetraethyl-
2,4,6,8-tetraethoxycyclotetrasiloxane and 2,4,6,8-

tetramethyl-2,4,6,8-tetraethoxycyclotetrasiloxane.
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[ 0050] Further exanples include 2,4,6,8-tetratert-butyl -
2,4,6,8-tetra-n-propoxycycl otetrasil oxane, 2,4,6, 8-
tetrasec-butyl-2,4,6,8-tetra-n-propoxycycl ot etrasil oxane,

2,4,6,8-tetrai sobutyl-2,4,6,8-tetra-n-propoxycyclotetra- sil oxane,

2:4,6 8-tetra-n-butyl-2,4,6,8-tetra-n-propoxy- cyclotetrasil oxane,
2,4,6,8-tetracycl obutyl -2,4,6,8-tetra- n-propoxycycl otetrasil oxane,
2,4,6,8-tetrai sopropyl- 2,4,6,8-tetra-n-propoxycycl otetrasil oxane,

2,4, 6, 8-tet0asn] propyl -2, 4,6,8-tetra-n-propoxycycl otetrasil oxane, 2,4,6, 8-
tetrcycl opropyl -2, 4,6, 8-tetra-n-propoxycycl otetrasil oxane,

2, 4,6, 8-tetraet hplir2hdz6, Gnitiglaed)- PiAEDAIEY Cl201ete - tid Hradata -ty -
2,4,6,8-tetramethyl -2, 4,6,8-tetra-n- propoxycycl otetrasil oxane. [0051]
Further examql s s'-%'tlf%e-n?-F‘l- l%tt%rttral&‘itlﬂxane, 2,4,6,8-
2,4,6, 8- tetralsopropoxycyc tetrasi| oxane, 4,6,8-tetra-

sec- butyl _81,+11S8P0 L9

2,4,6, 8- te%’r“eéfgg%&t ﬁ’lt? 496 48%0)é8¥%§%sopr OE) ?cy teltortae-traﬁlolfe{cr?ene’

2,4,6, 8-t eLr or N cIotetrasH

2. 4.6 8-t ?r’gdyd? ?éttrf‘lf"g’ v 2 gt'r%algs %%6% SRS q%c?%dfr?e
2,4,6,8-tetrai so opyl 2,4, 6, 8-tetrai sgpropo otetraS|onane
2,4,6,8-tefH oﬁfae‘&r’opyl 22446688'%9?61&8’8‘?:@@ % A A THRRPO 4, 6, 8
24

cyclotetrasiloxane, 2,4,6,8-tetracyclobutyl-2,4,6,8-tetra-
n-propoxycyclotetrasiloxane, 2,4,6,8-tetraisopropyl-
2,4,6,8-tetra-n-propoxycyclotetrasiloxane, 2,4,6,8-tetra-n-
propyl-2,4,6,8-tetra-n-propoxycyclotetrasiloxane, 2,4,6,8-
tetrcyclopropyl-2,4,6,8-tetra-n-propoxycyclotetrasiloxane,
2,4,6,8-tetraethyl-2,4,6,8~tetra—n~propoxycyclotetra-
siloxane and 2,4,6,8-tetramethyl-2,4,6,8-tetra-n-
propoxycyclotetrasiloxane.

[0051]

Further examples include 2,4,6,8-tetratert-butyl-
2,4,6,8-tetraisopropoxycyclotetrasiloxane, 2,4,6,8-tetra-
sec-butyl-2,4,6,8~tetraisopropoxycyclotetrasiloxane,
2,4,6,8-tetraisobutyl-2,4,6,8-tetraisopropoxycyclotetra-
siloxane, 2,4,6,8-tetra-n~-butyl-2,4,6,8-tetraisopropoxy-
cyclotetrasiloxane, 2,4,6,8-tetracyclobutyl-2,4,6,8-
tetraisopropoxycyclotetrasiloxane, 2,4,6,8-tetraisopropyl-
2,4,6,8-tetraisopropoxycyclotetrasiloxane, 2,4,6,8-tetra-n-

propyl-2,4,6,B-tetraisopropoxycyclotetrasiloxane, 2,4,6,8-
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tetracycl opropyl -2, 4, 6, 8-tetrai sopropoxycycl ot etrasi | oxane,
2,4,6,8-tetraethyl-2,4,6,8-tetrai sopropoxycycl otetra- siloxane and
2,4,6,8-tetramethyl -2, 4, 6, 8-tetrai sopropoxy- cyclotetrasil oxane. [0052]
Further exanples include 2,4,6,8,10-pentatert-butyl -

2,4,6, 8, 10- pent anet hoxycycl opent asi | oxane, 2, 4,6, 8, 10-

pent asec- butyl -2, 4, 6, 8, 10- pent anet hoxycycl opent asi | oxane,
2,4,6,8,10-pent ai sobutyl -2, 4, 6, 8, 10- pent anmet hoxycycl o- pentasiloxane

2,4,6,8, 10~ €

2,4,6, 8, 10- pentaé§13§ﬁqpl-€%gﬁg%%g lu-peméggéﬁ?%g%géfopen a5| oxane
2,4,6, 8, 10- 0 ntanetho clo si | oxane,
2,4,6, 8,10 2d21$f{gdignsc§?{)py¥é}5ﬁ4$6’%%l? ralst%x%ﬁ/%/ %%ar | oxane,
2,4,6,8,10-pent ac cIo r opy. nt.a ycI opent asi | oxane,
2. 4.6, 8 10-‘3@&’%%/ dnd) zé'ézé'ﬁ ’iﬁe‘?ﬁa&?f% %y‘igd%pé T3 OICREeReY
2,4,6,8, 10- pentanethyl 2 4,6, 8, 10-pentanethoxycyc|opentaS|onane. [ 0053]
Furt her exéﬁﬁkﬂ$ ﬁkﬁ?%?WPG 8, 10- pent atert-butyl -

2,4,6,8, ljfentaethoxycyclopenta5|onane 2,4,6, 8, 10-

pent asec 0A32) 4, 6, 8, 10 pentaethoxycyclopenta5|onane

2,4,6,8,10 pent ai sobutyl -2, 4, 6, 8, 10- pent aet hoxycycl o- pent asi | oxane,

2. 4.6, 8, 10- pent a-Furthhieyl - xamplEs 1@ngénte 25,4,6,8,10-pentatert-butyl -

2,4,6,8,10-pentamethoxycyclopentasiloxane, 2,4,6,8,10-
pentasec-butyl-2,4,6,8,10-pentamethoxycyclopentasiloxane,
2,4,6,8,10-pentaisobutyl-2,4,6,8,10-pentamethoxycyclo-
pentasiloxane, 2,4,6,8,10-penta-n-butyl-2,4,6,8,10-penta-
methoxycyclopentasiloxane, 2,4,6,8,10-pentacyclobutyl-
2,4,6,8,10-pentamethoxycyclopentasiloxane, 2,4,6,8,10-
pentaisopropyl-2,4,6,8,10-pentamethoxycyclopentasiloxane,
2,4,6,8,10-penta-n-propyl-2,4,6,8,10-pentamethoxycyclo-
pentasiloxane, 2,4,6,8,10-pentacyclopropyl-2,4,6,8,10~-
pentamethoxycyclopentasiloxane, 2,4,6,8,10-pentaethyl-
2,4,6,8,10-pentamethoxycyclopentasiloxane and 2,4,6,8,10-
pentamethyl-2,4,6,8,10-pentamethoxycyclopentasiloxane.
[0053]

Further examples include 2,4,6,8,10-pentatert-butyl-
2,4,6,8,10-pentaethoxycyclopentasiloxane, 2,4,6,8,10-
pentasec-butyl-2,4,6,8,10-pentaethoxycyclopentasiloxane,
2,4,6,8,10-pentaisocbutyl-2,4,6,8,10-pentaethoxycyclo~

pentasiloxane, 2,4,6,8,10-penta-n-butyl-2,4,6,8,10-penta-
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et hoxycycl opent asi | oxane, 2,4, 6, 8, 10- pent acycl obutyl -

2,4,6, 8, 10- pent aet hoxycycl opent asi | oxane, 2, 4,6, 8, 10-

pent ai sopropyl - 2, 4, 6, 8, 10- pent aet hoxycycl opent asi | oxane,
2,4,6,8,10-pent - n-propyl -2, 4, 6, 8, 10- pent aet hoxycycl o- pent asi | oxane,

, 6,8, 10- pent acycl opropyl -2, 4, 6, 8, 10- pent aet hoxycycl opent asi | oxane,

, 8, 10- pent aet hyl - 2, 4, 6, 8, 10- pent aet hoxycycl opent asi | oxane and

8, 10- pentanet hyl -2, 4, 6, 8, 10- pent aet hoxycycl opent asi | oxane. [ 0054]
I X Hbloag dyitdlopde tasd 1exntl- pent at er,t4- it/ 10 -pentacyclobutyl -

8, 10- pent a- n- pr opoxycycl opent asi | oxane, 2, 4,6, 8, 10-

ec- byt Wl 28410 1RGNS 13RMHASI | OXang 4,6,8,10-

, 8, 10- pent ai sobutyl -2, 4, 6, 8§, 10- pent a- n- propoxycycl o- pentasil oxane,

8, 105 N -2 4, , Oy P t asj ,

8,1OP%%ﬁ%%?g%ﬁ%%ﬁ?;%f%Z?kék%%:?%Q%%ﬁﬁgﬁnﬁpBbpoﬁycyc ogéﬁ%g§$$gggne,
8. 10- taj 50ROy -2 _10- n- t asi | ,
o 102t P s eyt A R AR L Poxane,
8
8
8

c - -
— -
D -

D -
[ [
g - v -

, 8, 10- pent acycl opr opyl - 2, 6,%: 0-, pent 3- n- pr.opoxycycl.opent asi_| oxane,

8 LoBAtARRIEPe 4, 6. 2l gt RSS2 e G

10- pent anet hyl - 2, 4, 6, 8, 1Q- pent a- n- pr opoxycycl o- pent asi | gxane.
2,4,6,8,10-pentaethyl-

TNDNDNDNDNDNDNNNT NDNTINNDDN

O = e e aT LTI
OrPArAAIAIMAS AT AAA

OO OO0

[

5 pentaethoxycyclopentasiloxane,

-

2,4,6,8,l10-pentaethoxycyclopentasiloxane and 2,4,6,8,10-
pentamethyl-2,4,6,8,10-pentaethoxycyclopentasiloxane.
[0054]

Further examples include 2,4,6,8,10-pentatert-butyl-
2,4,6,8,10-penta-n-propoxycyclopentasiloxane, 2,4,6,8,10-
pentasec-butyl-2,4,6,8,10-penta~n-propoxycyclopentasiloxane,
2,4,6,8,10-pentaisocbutyl-2,4,6,8,10-penta-n-propoxycyclo-
pentasiloxane, 2,4,6,8,10-penta-n-butyl-2,4,6,8,10-penta-n-
propoxycyclopentasiloxane, 2,4,6,8,10-pentacyclobutyl -
2,4,6,8,10-penta-n-propoxycyclopentasiloxane, 2,4,6,8,10-
pentaisopropyl-2,4,6,8,10-penta-n-propoxycyclopentasiloxane,
2,4,6,8,10-penta-n-propyl-2,4,6,8,10-penta-n-propoxycyclo-
pentasiloxane, 2,4,6,8,10-pentacyclopropyl-2,4,6,8,10~
penta-n-propoxycyclopentasiloxane, 2,4,6,8,10-pentaethyl-
2,4,6,8,10~penta-n-propoxycyclopentasiloxane and
2,4,6,8,10-pentamethyl-2,4,6,8,10-penta-n-propoxycyclo-
pentasiloxane.

[00551
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t her exanples include 2,4,6,8, 10-pentatert-butyl -

, 6, 8, 10- pent ai sopr opoxycycl o- pent asi | oxane, 2, 4,6, 8, 10-

tasec-butyl -2, 4, 6, 8, 10- pent ai sopr opoxycycl openta sil oxane,

, 8, 10- pent ai sobutyl -2, 4, 6, 8, 10- pent ai so- propoxycycl opent asi | oxane,

8, 10- penta-n-butyl - 2,4,6, 8, 10-pent ai sopr opoxycycl opent asi | oxane,
10- pentacycl obutyl -2, 4, 6, 8, 10- pent ai sopr opoxycycl openta sil oxane,
10- pent ai sopropyl -2, 4, 6, 8, 10- pent ai so- propoxycycl opent asi | oxane,

u
e

;
4

n

4,6

4, 6,

4,6, 8,

4,6, 8,

4,6, 8,10-penta yl t 0 lgﬁgg; ane,

4,6, 8, 10- pentggygpggnﬁféﬁé?é% égﬁggge?{gigggfggﬁiicyc opéﬁ?%l i | oxane,
4,6, 8, 10,pgntaet Ryl - 8,.10- ental 0 pent and
4,6, 8, 10%2“%%\5‘? )k? Ipe?%f 1€ O?r eCPftcajﬂop 3%3:(%5 dpe as’lé’oxglhrbe
056 urther exa S | C .6- hexamnet hoxyc clotr|S|onane
2 4] 4,6 % ;}c ’|Bs']1 O)p alsopropoxycy le enta-
2,4,4
2,4,4
2,4,4
xat er
t oxyc
2,4,4
2,4,4

0

, 6 6 hexa n- pr opo cIotrl- S|onane

,6,@4 propo%& &4 |HQ5&%*§obutyl -2,4,6,8,10-pentaiso-
6, 6- hexacycl opropoxycycl otri sil oxane, 2,2,4,4,6,6-
b reppaysyslopsint@sdidexane 4 4, 6, 6-2hdefdt-10-penta-n-butyl -

exatert-

ut oxycyclotrisil oxane, 2,2,4,4,6, 6- hexalsobutoxy cyclotrisil oxane,
,6,&qﬂeﬁaﬁnHﬂﬂpﬁﬂﬁ@pﬂamnapnﬂymmmtapemtis1loxane, 2,4,6,8,10-

6, 6- hexacycl obut oxycycl otri si | oxane. 27

pentacyclobutyl-2,4,6,8,10-pentaisopropoxycyclopenta-

F
2
p
2
2
2
2
2
2
2
2
[

2
2
2
2
h
b
2
2

siloxane, 2,4,6,B,10—pentaisopropyl—2,4,6,8,10-pentaisd—
propoxycyclopentasiloxane, 2,4,6,8,10-penta-n-propyl-
2,4,6,8,10-pentaiscopropoxycyclopentasiloxane, 2,4,6,8,10~
pentacyclopropyl-2,4,6,8,10-pentaisopropoxycyclopenta-
siloxane, 2,4,6,8,10-pentaethyl-2,4,6,8,10-pentaisopropoxy-
cyclopenta-siloxane and 2,4,6,8,10-pentamethyl-2,4,6,8,10-
pentaisopropoxycyclopentasiloxane,

[0056]

Further examples include 2,2,4,4,6,6-
hexamethoxycyclotrisiloxane, 2,2,4,4,6,6-hexaethoxy-
cyclotrisiloxane, 2,2,4,4,6,6-hexa-n-propoxycyclotri-
siloxane, 2,2,4,4,6,6-hexaisopropoxycyclotrisiloxane,
2,2,4,4,6,6-hexacyclopropoxycyclotrisiloxane, 2,2,4,4,6,6-
hexatert-butoxycyclotrisiloxane, 2,2,4,4,6,6-hexasec-
butoxycyclotrisiloxane, 2,2,4,4,6,6-hexaisobutoxy-
cyclotrisiloxane, 2,2,4,4,6,6-hexa-n-butoxycyclotrisiloxane

and 2,2,4,4,6,6-hexacyclobutoxycyclotrisiloxane.
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[ 0057] Further exanples include 2,2,4,4,6,6,8, 8-

oct anet hoxycycl ot etrasi | oxane, 2,2,4,4,6, 6,8, 8-oct aet hoxy-
cyclotetrasil oxane, 2,2,4,4,6,6, 8, 8-octa-n-propoxycyclo- tetrasil oxane,
2,2,4,4,6, 6, 8, 8-oct ai sopropoxycycl otetra- sil oxane,

2,2,4,4,6, 6, 8, 8-octacycl opropoxycycl otetra- sil oxane,
2,2,4,4,6,6,8,8-octatert-but oxycycl otetrasil oxane,

2,2,4,4,6, 6, 8, 8-oct asec- bot oxycycl ot etrasi | oxane,
2,2,4,4,6,3@%%?]octaisobutoxycyclotetrasionane,

2,2,4,4,6, 6,8,8-oct a- n- butoxycyclotetrasiloxane and

2,2,4,4,6,6, 8, 8-qct cIobutox | ot etrasi | [ 0058], Furt her exanpl es
i ncl ude 2, 2, 4, 4 %eg 10, 1(? thoxﬁfglué%ent as@'oia‘h 4, é 6/8,8-
2,2,4,4,6,6, 8, 8, 10 10- decaethoxycyclopenta5|ona

2.2, 4 4 6, @F-AetHoRy YSILERLERGIORAAR opferdt dbid defheB , 8-octaethoxy-
2,2,4,4,6,6,8, 8,10, 10-deca- isopro oxycyclopenta3|loxane

2.2. 4, 4. 6, GYEIDtetresilexanscl opridodidid dpdht8rs ¢ tacmpropoxycyclo-
2,2,4,4,6,6,8,8,10,10- decatert-butoxycycl opentasil oxane,

2.2, 4, 4, 6, et mmsidot@nealecas &, bt AkyENEe] Bofertcdsa il siqamepoxycyclotetra-
2,2,4,4,6,6,8, 8,10, 10- decapentai sobutoxycycl opent asi | oxane,

2,2,4,4, 6, 6if,ckal ,10- deca--Dut oKy )R O erdds dyolaner agskycyclotetra-
2,2,4,4,6, 6, 8, 8,10, 10- decacycl obut oxycycl opent asi | oxane. [0059] 28

siloxane, 2,2,4,4,6,6,8,8-octatert-butoxycyclotetrasiloxane,
2,2,4,4,6,6,8,B-octasec~-botoxycyclotetrasiloxane,
2,2,4,4,6,6,8,8-octaisobutoxycyclotetrasiloxane,
2,2,4,4,6,6,8,8~-octa-n-butoxycyclotetrasiloxane and
2,2,4,4,6,6,8,B-octacyclobutoxycyclotetrasiloxane.

[0058]

Further examples include 2,2,4,4,6,6,8,8,10,10-
decamethoxycyclopentasiloxane, 2,2,4,4,6,6,8,8,10,10~
decaethoxycyclopentasiloxane, 2,2,4,4,6,6,8,8,10,10-deca~n~-
propoxycyclopentasiloxane, 2,2,4,4,6,6,8,8,10,10-deca-
isopropoxycyclopentasiloxane, 2,2,4,4,6,6,8,8,10,10-
decacyclopropoxycyclopentasiloxane, 2,2,4,4,6,6,8,8,10,10~
decatert-butoxycyclopentasiloxane, 2,2,4,4,6,6,8,8,10,10~-
decasec-butoxycyclopentasiloxane, 2,2,4,4,6,6,8,8,10,10-
decapentaisobutoxycyclopentasiloxane,
2,2,4,4,6,6,8,8,10,10-deca-n-butoxycyclopentasiloxane and
2,2,4,4,6,6,8,8,10,10-decacyclobutoxycyclopentasiloxane.

[0059]
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Furt her exanples include 2,4,6-tris(2-methoxyethyl)-
2,4,6-trimethylcyclotrisiloxane, 2,4,6-tris(2-tert-butoxy-
ethyl)-2,4,6-trinmethylcyclotrisil oxane, 2,4,6, 8-tetrakis(2-
met hoxyet hyl ) -2, 4, 6, 8-t et ranet hyl cycl ot et r asi | oxane,
2,4,6,8-tetrakis(2-tert-butoxyethyl)-2,4,6, 8-tetranethyl -
cycl otetrasil oxane, 2, 4,6, 8, 10-pent aki s(2- net hoxyet hyl ) -
2,4,6,8,10-tent anet hyl - cycl ot pent asi | oxane and 2, 4, 6, 8, 10-

pent aki s(2-tert - PULeKYet Wil O3 Aclfapent AR el ?nﬁ%l'@fy%séﬂﬁ)ﬁane’

[ 0060] Further exanples include 2, trls(4 et hoxypheny

2,4,6-trimgt uy'?cﬁgﬁlg%%cgfgaa%n%ﬁ dS(4 et tglg(Z-tert—butoxy—

butoxyphenyl) clotrisi oXane 2,4

4 AR b STR IR -

tetranethylc cIotet asi | 8 10 pent aki s(4-

ot hoxypheRFERORVEEBYA) T Eeﬁpgngﬁmaaeahamc&g 2% Lawgne,
2,4,6, 8, 10- pentakls(4 tert-but oxyphenyl)-2, 4,6, 8, 10- pent a-
nethylcycl@pén§a§|F@%&ﬁ@l5U@U@EFQ%9“§%§NQ§%§#ﬁF@s%r |Brfe@tramethyl -
2,4,6-tris(methoxynethyl)- 2,4, 6-trimethyl cyclotrisiloxane,

, 6-tri s@‘pllmm?mﬂpxa@,m, 6- t & ,Metthi,dPcipetrtiakiilsobéame thoxyethyl ) -
,6-tris(n-propoxy- nethyl)-2,4,6-trimethylcyclotrisiloxane,

6

2, 4,
2,4
2,4,6-tris@,496,B8910-tentamethyl-cyclotpentasiloxane and 2,4,6,8,10-

pentakis (2-tert-butoxyethyl)-2,4,6,8,10-pentamethylcyclo-
tetrasiloxane,
[0060]

Further examples include 2,4,6-tris (4-methoxyphenyl) -
2,4,6~trimethylceyclotrisiloxane, 2,4,6-tris(4-tert-
butoxyphenyl}-2,4,6-trimethylcyclotrisiloxane, 2,4,6,8-
tetrakis (4-methoxyphenyl)-2,4,6,8-tetramethylcyclotetra-
siloxane, 2,4,6,8-tetrakis(4-tert-butoxyphenyl)-2,4,6,8-
tetramethylcyclotetrasiloxane, 2,4,6,8,10-pentakis (4~
methoxyphenyl)-2,4,6,8,10-pentamethylcyclopentasiloxane and
2,4,6,8,10-pentakis (4-tert-butoxyphenyl)-2,4,6,8,10-penta-
methylcyclopentasiloxane.

[0061]

Further examples include 2,4,6-tris(methoxymethyl)-
2,4,6-trimethylcyclotrisiloxane, 2,4,6-tris(ethoxymethyl) -
2,4,6-trimethylcyclotrisiloxane, 2,4,6-tris (n-propoxy-

methyl)~2,4,6-trimethylcyclotrisiloxane, 2,4,6-tris(iso-
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propoxynet hyl )-2,4,6-trimethylcyclotrisil oxane, 2,4, 6-
tris(n-butoxynethyl)-2,4,6-trinmethylcyclotrisiloxane,
2,4,6-tris(iso-butoxynmethyl)-2,4,6-trinethylcyclotri- siloxane and
2,4,6-tris(tert-butoxynethyl)-2,4,6- trinethylcyclotrisiloxane. [0062]
Furt her exanples include 2,4,6-tris(methoxynethyl)-
2,4,6-triethylcyclotrisiloxane, 2,4,6-tris(ethoxynethyl)-
2,4,6-triethylcyclotrisiloxane, 2,4,6-tris(n-propoxy-

met hyl ) - 2, propoudyeiethiydy cl2qir, i6sitraretdy 1 2yvE1otHriiss(licé@ane , 2,4,6~
propoxynet hyl)-2,4,6-triethyl cyclotrisiloxane, 2,4,6-

t ri s( n- but @sisRnPattokyhethiyili)ehl, Graramethivie@lat i siloxane,
tris(iso-butoxynethyl)-2,4,6-triethylcyclotrisiloxane and

2,4, 6-tri st qr e~ QX4 toxdmtb th 1f)i-9t,hxleﬁxtﬁxli;a§éﬁhy8ﬂdﬁi%ﬁi— [ 0063]

Furt her exanples include 2,4, 6-tris(nmethoxynethy

2, 4,6-trii }?E_?,%gy{ecyd ot rﬁin%i | oxane, ﬂz’e&t%itédét?ﬁ_ie%—_*bﬁ‘t?&'swethyl) -2,4,6-

met hyl ) - 2, riisopropyl cycl ot ri gil‘oxane, ,
propoxymet hyl.) -2, 4,.6-1 i i r.qpyl_cycl otri sil oxane, 2,4, 6-
tris(isoprg%3xf%§¥%§?é£H2€%%-ﬁ%ﬁ%%?%bropylcyclotrisionane,

2,4,6-tris(%-%5boxynethyl)-2,4,6-triisopropylcyclotri- si | oxane,
2,4,6-trisdi9 “pbut oxynmet hyl )-2,4,6-triisopropyl- cyclotrisiloxane and
2,4,6-tris(tert-butoxynethyl)-2,4,6 30 .

Further eXamples include 2,4,6-tris(methoxymethyl})-

2,4,6-triethyleyclotriziloxane, 2,4,6-tris(ethoxymethyl) -

2,4,6-triethylcyclotrisiloxane, 2,4,6-tris(n-propoxy-
methyl)-2,4,6-triethylcyclotrisiloxane, 2,4,6-tris(iso-
propoxymethyl)-2,4,6-triethylcyclotrisiloxane, 2,4,6-

tris{n-butoxymethyl)-2,4,6-triethylcyclotrisiloxane, 2,4,6-
tris(iso-butoxymethyl)-2,4,6-triethylcyclotrisiloxane and
2,4,6-tris(tert-butoxymethyl)-2,4,6~-triethylcyclotri-
siloxane.

[0063]

Further examples include 2,4,6-tris(methoxymethyl)-
2,4,6-triisopropylcyclotrisiloxane, 2,4,6-tris (ethoxy-
methyl) -2,4,6-triisopropylcyclotrisiloxane, 2,4,6-tris(n-
propoxymethyl) -2,4,6-triisopropylcyclotrisiloxane, 2,4,6-
tris (isopropoxymethyl)-2,4,6-triisopropylcyclotrisiloxane,
2,4,6-tris(n-butoxymethyl)-2,4,6-triisopropylcyclotri-
siloxane, 2,4,6-tris(iso-butoxymethyl)-2,4,6-triisopropyl-

cyclotrisiloxane and 2,4,6-tris(tert-butoxymethyl)-2,4,6-

30



| sopropyl cyclotrisiloxane. [0064] Further exanples include
,6-tris(methoxynethyl)- 2,4,6-tri-n-propylcyclotrisiloxane,
,6-tris(ethoxy- nmethyl)-2,4,6-tri-n-propylcyclotrisiloxane, 2,4,6-tris(n-
poxymet hyl)-2,4,6-tri-n-propylcyclotrisil oxane, 2,4, 6-
s(i sopropoxynet hyl)-2,4,6-tri-n-propylcyclotrisil oxane,
,4,6-tris(n-butoxynethyl)-2,4,6-tri-n-propylcyclotri- sil oxane,
,4,6-tris(iso-butoxynmethyl)-2,4,6-tri-n-propyl- cyclotrisiloxane and
,4,6-tri s ri-Jag: )i 2.:4, 8-~ L1 i-n-propyl cyclotrisiloxane. [0065]
urt her exa‘t-'rrjr:g]less in%ﬁé}?éztr&%tlﬁios(ar?ee{'hoxynet hyl ) -
4,6-trit%Q%Egthlcyclotrisionane, 2,4,6-tris(ethoxy-
met hyl )-2, 4,6-tritert-butylcyclotrisiloxane, 2,4,6-tris(n-
o]

ropoxymethyl)-2,4 6-tritert-butylcyclotrisilao 2,4, 6-

ri s(i sopropoxynBef: ;2,3¥%@Pr?¥er 9?&&@?cﬁ%ﬂ@ﬁg¥%ﬁﬂ#ﬁéﬁﬁ§°xymethyl)'
4,6-trisg$-butoxynethyl)-2,4,6-trLtert-butyIcyclotri- si | oxane,

4, 6-tri s@ Lo HGxPTEIARYL Y G FaniseMansit yi - ¢yl br§ 1S5 splathosim
4

r

t

A~ O h~DMT

,6-tris(tert-butoxynethyl)-2,4,6- tritert-butylcyclotrisiloxane. [0066]

t her ex#@gdihed livdoldude trisrennapylimciebniaidydxane, 4, 2,4,6-tris(n-

ricycl opentyl cyclotrisiloxane, 2,4,6-tris(ethoxy- 31
propoxymethyl)-2,4,6-tri~n-propylcyclotrisiloxane, 2,4,6-

tris (isopropoxymethyl) ~2,4,6-tri-n-propylcyclotrisiloxane,
2,4,6-tris(n-butoxymethyl)-2,4,6-tri-n-propylcyclotri-
siloxane, 2,4,6-tris(iso-butoxymethyl)-2,4,6-tri-n-propyl-
cyclotrisiloxane and 2,4,6-tris(tert-butoxymethyl)-2,4,6-
tri-n-propylcyclotrisiloxane.

[0065]

Further examples include 2,4,6-tris (methoxymethyl) -
2,4,6-tritert-butylcyclotrisiloxane, 2,4,6-tris(ethoxy-
methyl)-2,4,6-tritert-butylcyclotrisiloxane, 2,4,6-tris(n-
propoxymethyl) -2 ,4,6-tritert-butylcyclotrisiloxane, 2,4,6-~
tris (isopropoxymethyl)-2,4,6-tritert-butylcyclotrisiloxane,
2,4,6-tris(n-butoxymethyl)-2,4,6-tritert-butylcyclotri-
siloxane, 2,4,6-tris(iso-butoxymethyl)-2,4,6-tritert-butyl-~
cyclotrisiloxane and 2,4,6-tris(tert-butoxymethyl)-2,4,6-
tritert-butylcyclotrisileoxane.

[0066]
Further examples include 2,4,6-tris(methoxymethyl)-

2,4,6-tricyclopentylcyclotrisiloxane, 2,4,6-tris (ethoxy-
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met hyl )-2,4,6-tricycl opentyl cyclotrisiloxane, 2,4,6-tris(n-

propoxynet hyl )-2,4,6-tricycl opentyl cyclotrisiloxane, 2,4,6-
tris(isopropoxynethyl)-2,4,6-tricyclopentylcyclotri sil oxane,
2,4,6-tris(n-butoxynethyl)-2,4,6-tricyclopentyl- cyclotrisil oxane,
2,4,6-tris(iso-butoxynethyl)-2,4,6- tricyclopentylcyclotrisiloxane and
2,4,6-tris(tert- butoxynethyl)-2,4,6-tricyclopentylcyclotrisiloxane. [0067]
Furt her exanples include 2,4,6-tris(methoxymnethyl)-

2,4, 6- trlcyclohexylcyclotr|3|onane 2,4,6-tris(ethoxy-

met hyl ) - 2, @WMC%I%@&HJ@@W@MWHZ%MM%(@ 4,6-tris(n-
propoxynethyl) 2,4,6-tricycl ohexylcyclotrisiloxane, 2,4, 6-
tris(isoprmexynﬂmmﬂﬁyhl12Xiﬂ&ﬁtAMﬂyﬁhpgdnnmﬂcMcﬁqﬁﬁiBQmmxane, 2,4,6-
2,4,6-tris(n-butoxynmethyl)-2,4,6-tricyclohexylcyclotri- siloxane,

4, 6-triS&MWsﬁmﬁdpﬂdﬁﬁiyﬂétﬁyk%42JJJsauﬂﬂﬂyﬁﬂdpeﬂﬁ¥1d¥dﬂéﬂﬂimaﬂe and
4,6-tris(tert-butoxynethyl)-2,4,6- tri cyclohexylcyclotrisionane [ 0068]

2,
2,4, 6-
Further exajjplsgndc! @q?s%ﬁé(d-ﬂm:aﬁaaﬁ{ml-) , 6-tricyclopentyl-
2 6- tr|nethylcyclotr|3|loxane 2,4, 6- trls(ethoxyethyl)

2,4, 6-

e

4,6t r xane, 2 ri s ) _
thyl)-2,4,6-t r| rret ]160{/&0 egt risil ongntg 6 6%%(1%& oxymethyl) 2,4,6

t hy 6- 1 ¢l ot si|
B e i B U B ot 2. -t ert-

butoxymethyl)-2,4,6-tricyclopentylcyclotrisiloxane.

4,
4

[0067]

Further examples include 2,4,6-tris(methoxymethyl)-
2,4,6-tricyclohexyleyclotrisiloxane, 2,4,6-tris (ethoxy-
methyl)-2,4,6-tricyclohexylcyclotrisiloxane, 2,4,6-tris(n-
propoxymethyl) -2 ,4,6-tricyclohexylcyclotrisiloxane, 2,4,6-
tris{isopropoxymethyl)-2,4,6-tricyclohexylcyclotrisiloxane,
2,4,6-tris(n-butoxymethyl)-2,4,6-tricyclochexylcyclotri-
siloxane, 2,4,6-tris{iso-butoxymethyl)-2,4,6-tricyclochexyl-
cyclotrisiloxane and 2,4,6-tris(tert-butoxymethyl)-2,4,6-
tricyclohexylcyclotrisiloxane.

[0068]
Further examples include 2,4,6-tris(methoxyethyl)-

2,4,6-trimethylcyclotrisiloxane, 2,4,6-tris(ethoxyethyl) -

2,4,6-trimethylcyclotrisiloxane, 2,4,6-tris(n-propoxy-
ethyl)-2,4,6-trimethylcyclotrisiloxane, 2,4,6-tris(iso-
propoxyethyl)-2,4,6~-trimethylcyclotrisiloxane, 2,4,6-

tris(n-butoxyethyl)-2,4,6-trimethylcyclotrisiloxane, 2,4, 6-

32



tris(iso-butoxyethyl)-2,4,6-trinethylcyclotrisiloxane and
2,4,6-tris(tert-butoxyethyl)-2,4,6-trinmethylcyclotri- siloxane. [0069]
Furt her exanples include 2,4,6-tris(nmethoxyethyl)-
2,4,6-triethylcyclotrisiloxane, 2,4,6-tris(ethoxyethyl)-
2,4,6-triethylcyclotrisiloxane, 2,4,6-tris(n-propoxyethyl)-
2,4,6-triethylcyclotrisiloxane, 2,4,6-tris(isopropoxy-

ethyl)-2,4,6-triethyl cyclotrisiloxane, 2,4,6- tris(n-
butoxyethyl) 2,4, 6- trlethylcyclotr|3|loxane -tris-
(i so- but oxELRMLECrbi texyia iy @/ d &rrh@ﬂ%ﬁ@sraﬁ@tzx@lé-oxane and
tris(tert-butoxyethyl)-2,4,6-triethylcyclotrisiloxane. [0070] Further
exanpl es i ﬂol%@etz,iﬁ,(wmwlnyﬁ%A,6—trimethylcyclotri—
2,4,6-triisopropylcyclotrisiloxane, 2,4,6-tris(ethoxy-
et hyl) - 2, 4 sGltoxaneapr opyl cycl otri si |l oxane, 2,4,6-tris(n-
propoxyethyl)-2,4,6-triisopropylcyclotrisiloxane, 2,4,6-
tris(isoprqmpoesat hyl)-2,4,6-triisopropylcyclotrisiloxane,
2,4,6-tris(n-butoxyethyl)-2,4,6-triisopropylcyclotri- siloxane,
2,4,6-tris(iso-b hy t il opw - t

FLOXhel Ie):a?r?ﬂ:e@ 1 AYHLPY 4 YAl drid %P&B@%@é(ﬂll

2,4,6-tris(tert-butoxyethyl) - tr||sopropylcyclotr|3|

Further examy es J A RdtctdidiSUIBHIOX Y et BYlg "6 3% s (ethoxyethyl) -

2,4,6-triethylcyclotrisiloxane, 2,4,6-tris(n-propoxyethyl) -

2,4,6-triethylcyclotrisiloxane, 2,4,6-tris (isopropoxy-
ethyl)-2,4,6-triethylcyclotrisiloxane, 2,4,6-tris(n-
butoxyethyl)-2,4,6-triethylcyclotrisiloxane, 2,4,6-tris-

(iso-butoxyethyl)-2,4,6-triethylcyclotrisiloxane and 2,4,6-
tris(tert-butoxyethyl)-2,4,6-triethylcyclotrisiloxane.
[0070]

Further examples include 2,4,6-tris(methoxyethyl)-
2,4,6~-triiscpropylcyclotrisiloxane, 2,4,6-tris(ethoxy-
ethyl)-2,4,6-triisopropylcyclotrisiloxane, 2,4,6-tris{n-
propoxyethyl)-2,4,6-triisopropylcyclotrisiloxane, 2,4,6-
tris (isopropoxyethyl)-2,4,6-triisopropylcyclotrisiloxane,
2,4,6-tris{n-butoxyethyl)-2,4,6-triisopropylcyclotri-
siloxane, 2,4,6-tris(iso-butoxyethyl)-2,4,6-triisopropyl-
cyclotrisiloxane and 2,4,6-tris(tert-butoxyethyl}-2,4,6-
triisopropylcyclotrisiloxane.

[0071]

Further examples include 2,4,6-tris(methoxyethyl)-

33



2,4,6-tri-n-propylcyclotrisiloxane, 2,4,6-tris(ethoxy-
ethyl)-2,4,6-tri-n-propylcyclotrisiloxane, 2,4,6-tris(n-
propoxyethyl)-2,4,6-tri-n-propylcyclotrisiloxane, 2,4, 6-
tris(isopropoxyethyl)-2,4,6-tri-n-propylcyclotrisiloxane,
2,4,6-tris(n-butoxyethyl)-2,4,6-tri-n-propylcyclotri- siloxane,
2,4,6-tris(iso-butoxyethyl)-2,4,6-tri-n-propyl- cyclotrisiloxane and
2,4,6-tris(tert-butoxyethyl)-2,4,6- tri-n-propylcyclotrisiloxane. (0072]

Further exanal & trlCnlgeopnA Rrdiidts{immtmanet Yl ) - 2,4, 6-tris (ethoxy-
2,4,6-tritert-buty|cyclotrisfﬁ%xane, 2,4,6-tris(ethoxy- rist{ethoxy

thyl)-2,4 i & ty .cve) i i 2 S ] L )
O oyt A Ll M T R St nlindd | (12,4, 6-tris(n

pr opoxyet h -tritert- risiloxane,
tris(isopropoxyeth é&- , 4 ,g—t_jte[;zput | qgycl gt r.i sil.axane _
2 4o ir) sERRIRINA 2 i e R e E e cane 2 14 6
2,4,6-tris(iso-hutoxyeth I)-Z,%, -E{itert-butyl- cyclatrisil oxane and
2,4,6-tris éﬁtl&ﬂpaay@a’%fﬁshyizr, A G RRORY R DR s S idheade s [ 0073]
Further exanples include 2,4, 6-tris(nethoxyethyl)- _
2, 4, 6-tri cyolofertisdpciattioiatdydie2 2 £ drirnsraarudcyclotri-
ethyl)-2,4,6-tricyclopentylcyclotrisiloxane, 2,4,6-tris(n-
pr opoxyet hypijloxanes- t r iZe\olfoparitsdicaimitcxyid tdwdie;2 .2 £-6:ri-n-propyl-
tris(isopropoxyethyl)-2,4, 6-tricyclopentylcyclotrisiloxane, 34
cyclotrisiloxane and 2,4,6-tris(tert-butoxyethyl)-2,4,6-
tri-n-propylecyclotrisiloxane.
(0072]

Further examples include 2,4,6-tris(methoxyethyl)-
2,4,6-tritert-butylceyclotrisiloxane, 2,4,6-tris(ethoxy-
ethyl)-2,4,6-tritert-butylcyclotrisiloxane, 2,4,6-tris(n-
propoxyethyl)-2,4,6-tritert-butylcyclotrisiloxane, 2,4,6-
tris (isopropoxyethyl)-2,4,6-tritert-butylcyclotrisiloxane,
2,4,6-tris(n-butoxyethyl)-2,4,6-tritert-butylcyclotri-
siloxane, 2,4,6-tris(iso-butoxyethyl)-2,4,6-tritert-butyl-
cyclotrisiloxane and 2,4,6-tris(tert-butoxyethyl)-2,4,6-
tritert-butylcyclotrisiloxane.

[0073]

Further examples include 2,4,6-tris{methoxyethyl)-
2,4,6-tricyclopentylcyclotrisiloxane, 2,4,6-tris{ethoxy-
ethyl)-2,4,6-tricyclopentylcyclotrisiloxane, 2,4,6-tris{(n-

propoxyethyl)-2,4,6-tricyclopentylcyclotrisiloxane, 2,4,6-

tris(isopropoxyethyl)-2,4,6-tricyclopentylcyclotrisiloxane,
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2,4,6-tris(n-butoxyethyl)-2,4,6-tricyclopentylcyclotri- siloxane,
2,4,6-tris(iso-butoxyethyl)-2,4,6-tricyclopentyl- cyclotrisiloxane and
2,4,6-tris(tert-butoxyethyl)-2,4,6- tricyclopentylcyclotrisiloxane. [0074]
Furt her exanples include 2,4,6-tris(methoxyethyl)-

2,4,6-tricycl ohexylcyclotrisiloxane, 2,4,6-tris(ethoxy-
ethyl)-2,4,6-tricycl ohexylcyclotrisiloxane, 2,4,6-tris(n-
propoxyet hyl)-2,4,6-tricycl ohexyl cyclotrisil oxane, 2,4, 6-

tris(isopr DQX%Q@M'S)(%B%::%}X%%)Q@QW '6‘3—3&911%5@1? Ryl otri-

2,4,6-tris(r-But oxyéeth cydl'dhexylc r - -sil"oxane,
2,4,6-tris(i.g0-but oxyet,hyl )-2, 4,.6-tricycl ohexyl.- cyclotrisilaxane and
24611 S AR oy IS U B e B e S SR 075

Furt her exanples include 2,4,6-tris(methoxypropyl)-
2,4, 6-1r1] eEyFdisdthorameox afRd 2,24,%-ﬁ-rﬁ%ﬁ1%r§x—mwe,thyu -2,4,6-

2,4,6-triethylcyclotrisiloxane, 2,4,6-tris(nmethoxypropyl)-

2,4, 6-trii $pcyigHoppRtlavsitioddsd loxanes- t ri s( met hoxy-

butyl)-2,4,6-trinethylcyclotrisiloxane, 2,4,6-tris-

(et hoxyperltO@74-12, 4, 6-tri net hyl cycl otri si |l oxane and 2, 4, 6-

tris(methoxyhexyl)-2,4,6-trinmethylcyclotrisiloxane. [0076] Further exanples

i ncl ude 2, 4, 6, 8- Fatrthkirs- eXamples include 2,4,6-tris(methoxyethyl)-
2,4,6-tricyclohexylcyclotrisiloxane, 2,4,6-tris(ethoxy-
ethyl)-2,4,6-tricyclohexylcyclotrisiloxane, 2,4,6-tris(n-
propoxyethyl)-2,4,6-tricyclohexylcyclotrisiloxane, 2,4,6-
tris(isopropoxyethyl)-2,4,6-tricyclohexylcyclotrisiloxane,
2,4,6-tris(n-butoxyethyl)-2,4,6-tricyclohexylcyclotri-
siloxane, 2,4,6-tris(iso-butoxyethyl)-2,4,6-tricyclohexyl-
cyclotrisiloxane and 2,4,6-tris(tert-butoxyethyl)-2,4,6-
tricyclchexylcyclotrisiloxane.
[0075]

Further examples include 2,4,6-tris(methoxypropyl)-
2,4,6-trimethylcyclotrisiloxane, 2,4,6-tris{methoxypropyl) -
2,4,6-triethylcyclotrisiloxane, 2,4,6-tris(methoxypropyl)-
2,4,6-triisopropylcyclotrisiloxane, 2,4,6-tris (methoxy-
butyl)-2,4,6-trimethylcyclotrisiloxane, 2,4,6-tris-
(methoxypentyl)-2,4,6-trimethylcyclotrisiloxane and 2,4,6-
tris (methoxyhexyl)-2,4,6-trimethylcyclotrisiloxane.

[0076]

Further examples include 2,4,6,8-tetrakis-
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(et hoxynet hyl ) -2, 4, 6, 8-t etranet hyl cycl ot et rasi | oxane,
2,4,6,8-tetraki s(et hoxynet hyl)-2,4,6,8-tetranet hyl cyclo- tetrasil oxane,
2,4,6,8-tetraki s(n-propoxynethyl)-2,4,6,8- tetramethyl cycl otetrasil oxane,
2,4,6,8-tetraki s(i so- propoxynethyl)-2,4,6,8-tetranethyl cycl otetrasil oxane,
2,4,6,8-tetraki s(n-butoxynethyl)-2,4,6,8-tetranet hyl cycl o- tetrasil oxane,
2,4,6,8-tetrakis(i sobutoxynethyl)-2,4,6,8- tetranethylcyclotetrasil oxane and
2,4,6, 8- tetrakis(tert- butoxynethyl) 2 4 6, 8-tetranet hyl cycl ot etrasi | oxane.
[0077] Further s | ude 2, 8-tetrakis-

(et hoxyrretfﬁ‘ﬁt}w%me@ rréeﬁhﬁ‘éf&ratﬂet‘ahafsl.w&}a’f@traSl1°xaner
2,4,6,8-tetrakis ethoxynethyl -2,4,6, 8- tetraethylcyclo- tetrasil oxane,

2, 4, 6, 8-t eBrlkifs Brietapsiy tl})!é« 82 ,dotfr, Scttiahirame thedigyvadid oxane,
2,4,6,8-tetraki s(i sopropoxy- nethyl)-2,4,6,8-tetraethylcycl otetrasil oxane,
2,4,6,8- t e:tatta'lajss'(llma:bmaoxynﬁt,HyIG),Sz,b&tﬁ“ﬂ-ﬁsdw-@&tdpﬂmEdW)r-e-,4s,i6 @ane,
2,4,6,8-tetraki s(i sobutoxynethyl)-2,4,6,8- tetraethylcyclotetrasil oxane and
2,4, 6, 8-t ettedithmgttrilcylliometralsillokaned, 6, 8-t et 2galt gy lsxtd i irspEii dopxane.
[0078] Further exanples i nclude 2,4, 6, 8-tetrakis-

(met hoxymeph LQtﬂaﬁnﬁp&@Q&bﬁ§@H¥1 AYHP4A™ 1oxane,

2,4,6, 8- tetr)zgkb ethoxygethyl) , 6, 8- tetraQ%fpropylcyc lo 36

2,4,6,8- tetrakls(n—butoxymethyl) -2,4,6,8~tetramethylcyclo-

tetrasiloxane, 2,4,6,8-tetrakis (isocbutoxymethyl)-2,4,6,8-
tetramethylcyclotetrasiloxane and 2,4,6,8-tetrakis(tert-
butoxymethyl)-2,4,6,8-tetramethylcyclotetrasiloxane.

[0077]

Further examples include 2,4,6,8-tetrakis-
(methoxymethyl)-2,4,6,8~tetraethylcyclotetrasiloxane,
2,4,6,8-tetrakis(ethoxymethyl)-2,4,6,8~-tetraethylcyclo-
tetrasiloxane, 2,4,6,8-tetrakis (n-propoxymethyl)-2,4,6,8-
tetraethylcyclotetrasiloxane, 2,4,6,8-tetrakis(isopropoxy-
methyl)-2,4,6,8-tetraethylcyclotetrasiloxane, 2,4,6,8-
tetrakis(n-butoxymethyl)-2,4,6,8-tetraethylcyclotetra-
siloxane, 2,4,6,8-tetrakis{isobutoxymethyl)-2,4,6,8-
tetraethylcyclotetrasiloxane and 2,4,6,8-tetrakis(tert-
butoxymethyl)-2,4,6,8-tetraethylcyclotetrasiloxane.

[0078]

Further examples include 2,4,6,8-tetrakis-

(methoxymethyl)-2,4,6,8-tetra~n-propylcyclotetrasiloxane,

2,4,6,8-tetrakis (ethoxymethyl)-2,4,6,8-tetra-n-propylcyclo-
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tetrasil oxane, 2,4,6,8-tetrakis(n-propoxynethyl)-2,4,86, 8-
tetra-n-propyl cycl otetrasil oxane, 2,4,6,8-tetrakis(iso-

propoxynet hyl ) -2, 4, 6, 8-tetra-n-propyl cycl ot etrasil oxane,

2,4,6,8-tetraki s(n-butoxynethyl)-2,4,6,8-tetra-n-propyl- cyclotetrasil oxane,
2,4,6,8-tetraki s(i sobutoxynethyl)- 2,4,6,8-tetra-n-propyl cycl otetrasil oxane
and 2,4,6,8- tetrakis(tert-butoxynethyl)-2,4,6,8-tetra-n-propylcyclo-
etrasil oxane. [0079] Further exanples include 2,4,6,8-tetrakis-

met hoxy metdayled 14,6 T et r2a'43Q‘prﬁo'mg'ﬁ}élqg 5%?54% ¥ E S 1Bxane,

8- tetrakls(ethoxynethyl) tetrals

8- tety, §n Sp@ro%@%yato%&a%ﬂo@a%e,t et ais OPrORYI el g £ {81 oxane,

, 4,6,
, 4,6,
4, 6, 8- tetra
2 ‘éfé”fte%ﬁs et %”%rrey SRS A A F MG asi | oxane
4,6, 8-
d 2,4,
tra

th

o,

tetr kIS |sobut xynet hyl 2,4,6,8- tetralsopropylcyclotetraS|onane

46 8 fﬂ Sy 13 <2 o ORI SRR o-

si | oxane. [0080] Furt her exanples include 2,4,6,8-tetrakis-

oxy metoRAletE s id.axaneat er t - bRy &8 isdinalsis Ghaahutoxymethyl) -

8-tetraki s(ethoxynethyl)-2,4,6,8-tetratert-butyl 37
2,4,6,B—tetra—n—propylcyclotetrasiloxane and 2,4,6,8-

tetrakis(tert-butoxymethyl)-2,4,6,8-tetra-n-propylcyclo-
tetrasiloxane.
[0079]

Further examples include 2,4,6,8-tetrakis-
(methoxymethyl)-2,4,6,8~tetraisopropylcyclotetrasiloxane,
2,4,6,8-tetrakis (ethoxymethyl)-2,4,6,8-tetraisopropylcyclo-
tetrasiloxane, 2,4,6,B-tetrakis(n-propoxymethyl)-2,4,6,8-
tetraisopropylcyclotetrasiloxane, 2,4,6,8-tetrakis(iso-
propoxymethyl)-2,4,6,8-tetraisopropylcyclotetrasiloxane,
2,4,6,8-tetrakis(n-butoxymethyl)-2,4,6,8-tetraisopropyl-
cyclotetrasiloxane, 2,4,6,8-tetrakis(isobutoxymethyl) -
2,4,6,8-tetraiscpropylcyclotetrasiloxane and 2,4,6,8-
tetrakis (tert-butoxymethyl)-2,4,6,8-tetraisopropylcyclo-
tetrasiloxane.

[0080]

Further examples include 2,4,6,8-tetrakis-

(methoxymethyl)-2,4,6,8-tetratert-butylcyclotetrasiloxane,

2,4,6,8-tetrakis (ethoxymethyl)-2,4,6,8-tetratert-butyl-
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cyclotetrasil oxane, 2,4,6,8-tetrakis(n-propoxynethyl) -
2,4,6,8-tetratert-butyl cycl otetrasil oxane, 2,4,6, 8-

tetraki s(i sopropoxynethyl)-2,4,6,8-tetratert-butylcyclo- tetrasil oxane,
2,4,6,8-tetraki s(n-butoxynethyl)-2,4,6,8- tetratert-butylcyclotetrasil oxane,
2,4,6,8-tetrakis(iso-

but oxynmethyl )-2,4,6,8-tetratert-butyl cycl otetrasil oxane and
2,4,6,8-tetrakis(tert-butoxymethyl)- 2 4 6,8-tetratert-

butylcyclotetra onan 81] Fur XA l.es ,i.nc] ude t.rakis-
( met hoxy met® %‘? Q’Q?%ﬂgacycl op r1t ;é StEARAS dr’offr?é’ Seietnyl)

, 4, g g ::%Lgt:géethoxy %Wié? clote ;;gi J;Q%%ntyl cyclotetu?st]oxane,
, 6, 8- tetracyclopentylcyclotetra3|onane

6
r aki s(i $@¥rapdsfiscmyopoxymed hglﬂe?né}oﬁoleaﬁeﬁrﬁterct;rawmq-oxane

6, 8-t etraki s(n-butoxynet hyl) -

6, 8-t ettedapsiidpe@ng cycl & dt, faftetaakisXm git@xymethyl)-2,4,6,8-

aki s(i sobut oxynet hyl )-2, 4,6, 8-tetracycl opentyl cycl o- tetrasil oxane and

6, 8-t ettedltatiehrdr rasiloxane, 2,4,6,8-tetrakis(iso-

6, 8-tetracycl opentyl cycl ot etrasi | oxane. [0082] Further exanpl es i ncl ude
6

6

- t elpitleix§meltigiLh 62y, g teh) 8 kelﬂt@&—&ﬁﬂﬁ%l@ﬁﬁﬂa@i@dﬁaﬁié afrid oxane,
-tetraki s(ethoxynethyl)-2,4,6, 8-tetracycl ohexyl 38

2,4,6,8-tetrakis(tert- butoxymethyl) -2,4,6,8-tetratert-

I\JNI\)I\)""NI\)""I\JNI\)

ODOOOOOO

butylcyclotetrasiloxane.
[0081]

Further examples include 2,4,6,8-tetrakis-
{methoxymethyl)-2,4,6,8-tetracyclopentylcyclotetrasiloxane,
2,4,6,8-tetrakis (ethoxymethyl)-2,4,6,8-tetracyclopentyl-
cyclotetrasiloxane, 2,4,6,8-tetrakis (n-propoxymethyl) -
2,4,6,8-tetracyclopentylcyclotetrasiloxane, 2,4,6,8-
tetrakis (isopropoxymethyl)-2,4,6,8-tetracyclopentyl-
cyclotetrasiloxane, 2,4,6,8B-tetrakis {n-butoxymethyl) -
2,4,6,8-tetracyclopentylcyclotetrasiloxane, 2,4,6,8-
tetrakis (isobutoxymethyl)-2,4,6,8-tetracyclopentylcyclo-
tetrasiloxane and 2,4,6,8B-tetrakis(tert-butoxymethyl) -
2,4,6,8-tetracyclopentylcyclotetrasiloxane.

[0082]

Further examples include 2,4,6,8-tetrakis-

{(methoxymethyl)-2,4,6,8-tetracyclohexylcyclotetrasiloxane,

2,4,6,8-tetrakis{ethoxymethyl)-2,4,6,8~-tetracyclohexyl-
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cyclotetrasil oxane, 2,4,6,8-tetrakis(n-propoxynethyl)- 2,4,
6, 8-tetracycl ohexyl cycl ot etrasi | oxane, 2,4, 6, 8-
tetraki s(i sopropoxynet hyl)-2, 4,6, 8-tetracycl ohexyl cycl o- tetrasil oxane,
2,4,6,8-tetraki s(n-butoxynethyl)-2,4,6,8- tetracycl ohexyl cycl otetrasil oxane,
2,4,6,8-tetrakis(iso-
but oxynet hyl ) -2, 4, 6, 8-tetracycl ohexyl cycl ot etrasi | oxane and
2,4,6,8-tetrakis(tert-butoxynmethyl)-2,4,6,8-tetracycl o-
hexyl cycl ot et rasi | oxane. Q83] Furthgr exanpl.es.i.nclude 2, 4 6 8-tetrakis-
(nethoxyetﬁnypg?Efgféifg%ggﬁethylc?é?d@é?rggqgﬂ%&ﬁép Proboiyiethyl)
2,4,6,8-tetragkis(ethoxyethyl)-2,4, 6, 8-tetranethyl cyclo- tetrasjl oxane,
,6,8-te%r kﬁs%ﬁiﬁgﬁéSY Pﬁfvyifyﬁingﬁrﬁéﬁ 8 Icyclotet?ééhﬁbgﬁhe,
6, 8-tetraki s(iso- propoxyethyl)-2,4,6,8-tetramethyl cycl otetrasil oxane,
6, 8-t ettﬁﬁageﬁ-%&?ew@?wt%ﬁ) 628 4t S Baketrpcyrdiohexydayadidoxane,
6, 8-tetraki s(i sobut oxyethyl)-2,4,6,8- tetranethylcyclotetrasil oxane and
6, 8- t etrirasitdloxanehut ox etdhl, B-~Xetreks st(ar-barbsadyyledbphyilo &, Masi /8ox ane.
4] Further exanples include 2,4,6,8-tetrakis-
hoxyet hegitrazyélohexydoyvedoiteltepshidbatnasi | oxand,, 6,8-tetrakis (iso-
6, 8-tetraki s(ethoxyethyl)-2,4,6,8-tetraethyl cyclo- tetrasil oxane,
6, 8- t ebldlokymetpyan ey, dat, ey I8+ t4aeyd13hexylcyclotetrasiloxane and

me
141
4

2,4,6,8-tetrakis (tert-butoxymethyl)-2,4,6,8-tetracyclo-
hexylcyclotetrasiloxane.
[0083]

Further examples include 2,4,6,8-tetrakis-
(methoxyethyl)-2,4,6,8-tetramethylcyclotetrasiloxane,
2,4,6,8-tetrakis(ethoxyethyl)-2,4,6,8-tetramethylcyclo-
tetrasiloxane, 2,4,6,8B-tetrakis (n-propoxyethyl)-2,4,6,8-
tetramethylcyclotetrasiloxane, 2,4,6,8-tetrakis(iso-
propoxyethyl)-2,4,6,8~tetramethylcyclotetrasiloxane,
2,4,6,8-tetrakis{n-butoxyethyl)-2,4,6,8-tetramethylcyclo-
tetrasiloxane, 2,4,6,B-tetrakis (iscbutoxyethyl)-2,4,6,8-
tetramethylcyclotetrasiloxane and 2,4,6,8-tetrakis(tert-
butoxyethyl)-2,4,6,8-tetramethylcyclotetrasiloxane.

[0084]

Further examples include 2,4,6,8-tetrakis~
{(methoxyethyl}-2,4,6,8-tetraethylcyclotetrasiloxane,
2,4,6,8-tetrakis(ethoxyethyl)-2,4,6,8-tetraethylcyclo-

tetrasiloxane, 2,4,6,8-tetrakis(n-propoxyethyl)-2,4,6,8-
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tetraet hyl cycl otetrasil oxane, 2,4,6,8-tetrakis(isopropoxy-
ethyl)-2,4,6,8-tetraethyl cycl otetrasil oxane, 2, 4,6, 8-

tetraki s(n-butoxyethyl)-2,4,6,8-tetraethylcyclotetra sil oxane,
2,4,6,8-tetraki s(i sobut oxyethyl)-2,4,6,8- tetraethylcyclotetrasil oxane and
2,4,6,8-tetrakis(tert- butoxyethyl)-2,4,6,8-tetraethyl cycl otetrasil oxane.

[ 0085] Further exanples include 2,4,6,8-tetrakis-

(et hoxyet hyl ) -2, 4, 6, 8-tetra-n-propyl cycl ot etrasi | oxane,

2,4, 6, 8-t ettaifasltbiNexyaidtdtiradid dkadel, et 29460 t3KiG ( ilRigrsgd:axane,
2,4,6,8-tetrakis(n-propoxyethyl)-2,4,6,8- tetra-n-propylcyclotetrasiloxane,
2,4,6, 8-teltdki192SQ, 6, 8-tetraethylcyclotetrasiloxane, 2,4,6,8-
propoxyethyl)-2,4,é, -tetra-n-propyl cycl ot etrasi | oxane,
2,4,6, 8-t et gkl s butoxy 13.-%, Q. <) M- BN P e X x%r bl et rasi |l oxane,
2, 4,6, 8-te:trea :as SSobat oXyeét hy )3 %,’4,’?,'?—6%3%%% 3@0 ﬁ cyc!tg‘taet rasi | oxane
and 2,4, 6, 8- ,tetrakis(tert-b X | ).~ 2.4, 6,.8- - -Rropyleyel 0-o
tetrasil oxasr%el.o 6] Furt helrét@)({éerfp Je(:éa)qrr?gﬁilf‘d"é'sffbjf%%%ﬁgkiéf’ €8
(et hoxyet hyl ) -2, 4.6, 8-tetrai sopropylcycloteirasjl,o e, .
2,4,6,8-teF%ﬁ%P§F@?ﬁ6¥§%§ﬁ§ﬁ¥ﬁfgﬂfg¥§@¥etFﬁﬁ op ﬁﬁ%;hﬂ?ﬁtﬁﬁﬁ¥%ﬁﬁ?%ﬁhne,
2,4,6,8-tetraki s(n-propaoxyethyl)-2,4,6,8- tetraisopropylcyclotetrasil oxane,
2,4,6,8_teppgpgyﬁtg§14g2,4,6,8—tetraethylcyclotetr351loxane.
[0085]
Further examples include 2,4,6,8-tetrakis-

{methoxyethyl)})-2,4,6,8-tetra-n-propylcyclotetrasiloxane,
2,4,6,8-tetrakis(ethoxyethyl)-2,4,6,8~-tetra-n-propylcyclo-
tetrasiloxane, 2,4,6,8-tetrakis{n-propoxyethyl)-2,4,6,8-
tetra-n-propylcyclotetrasiloxane, 2,4,6,8-tetrakis(iso-
propoxyethyl)-2,4,6,8-tetra-n-propyleyclotetrasiloxane,
2,4,6,8-tetrakis(n-butoxyethyl)-2,4,6,8-tetra-n-propyl-
cyclotetrasiloxane, 2,4,6,8-tetrakis(isobutoxyethyl) -
2,4,6,8-tetra-n-propylcyclotetrasiloxane and 2,4,6,8-
tetrakis{tert-butoxyethyl)-2,4,6,8-tetra-n-propylcyclo-
tetrasiloxane.

[0086]

Further examples include 2,4,6,8-tetrakis-
(methoxyethyl)-2,4,6,8-tetraisopropylcyclotetrasiloxane,
2,4,6,8-tetrakis(ethoxyethyl)-2,4,6,8-tetraisopropylcyclo-
tetrasiloxane, 2,4,6,8-tetrakis (n-propoxyethyl)-2,4,6,8-

tetraisopropylcyclotetrasiloxane, 2,4,6,8-tetrakis(iso-
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propoxyet hyl)-2, 4,6, 8-tetrai sopropyl cycl otetrasil oxane,

2,4,6,8-tetraki s(n-butoxyethyl)-2,4,6,8-tetrai sopropyl- cyclotetrasil oxane,
2,4,6,8-tetraki s(i sobutoxyethyl)- 2,4,6,8-tetrai sopropyl cycl otetrasil oxane
and 2,4,6,8- tetrakis(tert-butoxyethyl)-2,4,6,8-tetraisopropylcyclo-
tetrasil oxane. [0087] Further exanples include 2,4,6,8-tetrakis-

(met hoxyethyl )-2,4,6,8-tetratert-butyl cycl otetrasil oxane,
2,4,6,8-tetraki s(et hoxyethyl)-2,4,6,8-tetratert-butyl - cyclotetrasiloxane
2,4,6,8-te :ﬁé% RQ I rasi | oxane,
2,4,6, 8- gr%yk ro);%%rgh%/lf)&f%i%g%gt ?é{lacé&'r t% cyc r?é

tet

rasi | OX NG 6284-’t%tq_-t S&td klb%%)&%tt%e) I}E/dz 62 él-‘ é@ralsopropyl—

tetratert-butylcycl rasi 1 oxane Takl s |so

2.4.5. 5.1 et B ny 1) T2 o b ek ffuconvecnyn

cyclotetraS|onane [ 0088] Further exanples .include 2 8- tetrakls-
(et hoxyet 1482, It@tgﬁleﬁqmldﬁ@h%%% XS | oxaﬁ‘\"é'j
2,4,6,8-tetraki s(ethoxyethyl)-2,4,6,8-tetracycl opentyl - cyclotetra3|loxane,
2,4,6, 8- tenﬁeﬂa&ﬂmskﬁeﬂﬁnanﬁqugthxihr2 4,6,8-tetraisopropylcyclo-
6, 8-tetracycl opentyl cycl otetrasil oxane, 2,4,6,8 41
tetrasiloxane.

[0087]

Further examples include 2,4,6,8-tetrakis-
(methoxyethyl)-2,4,6,8-tetratert-butylcyclotetrasiloxane,
2,4,6,8-tetrakis(ethoxyethyl)-2,4,6,8~tetratert-butyl-
cyclotetrasiloxane, 2,4,6,8-tetrakis (n-propoxyethyl) -
2,4,6,8-tetratert-butylcyclotetrasiloxane, 2,4,6,8-
tetrakis (isopropoxyethyl)-2,4,6,8-tetratert-butylcyclo-
tetrasiloxane, 2,4,6,8-tetrakis(n-butoxyethyl)-2,4,6,8-
tetratert-butylcyclotetrasiloxane, 2,4,6,8B~tetrakis(iso-
butoxyethyl)-2,4,6,8-tetratert-butylcyclotetrasiloxane and
2,4,6,8-tetrakis(tert-butoxyethyl)-2,4,6,8-tetratert-butyl-
cyclotetrasiloxane.

[0088]

Further examples include 2,4,6,8-tetrakis-
(methoxyethyl)-2,4,6,8-tetracyclopentylcyclotetrasiloxane,
2,4,6,8-tetrakis(ethoxyethyl)-2,4,6,8-tetracyclopentyl-
cyclotetrasiloxane, 2,4,6,8-tetrakis (n-propoxyethyl) -

2,4,6,8-tetracyclopentylcyclotetrasiloxane, 2,4,6,8-
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tetraki s(i sopropoxyethyl)-2,4,6,8-tetracycl opentyl cycl o- tetrasil oxane,
2,4,6,8-tetraki s(n-butoxyethyl)-2,4,6,8- tetracycl opentyl cycl otetrasil oxane,
2,4,6,8-tetrakis(iso-

but oxyet hyl)-2, 4,6, 8-tetracycl opentyl cycl otetrasil oxane and
2,4,6,8-tetrakis(tert-butoxyethyl)-2,4,6,8-tetracycl o-

pentyl cycl otetrasil oxane. [0089] Further exanples include 2,4,6, 8-tetrakis-
(et hoxyet hyl ) -2, 4, 6, 8-tetracycl ohexyl cycl ot etrasi | oxane,

2,4,6,8-te r@éji. N QOE! I’%Y- K 131—%‘te?'%c-\£ | cjh tCS{ si | oxane,
2,4, 6, 8-te1t;trea 7S %’-‘pro%of et ﬁ @ : ,’él,’ tet r%a%%?% 1@?3“?}?1 Cre]taor asi | oxane,
2,4,6,8- tetrakis(i sopropoxye yI)-§¥_ 8-t.etracycl ohexyl qycl.p-
tetrasil ox%ﬁ&?af,l&,oé‘,aﬁl-et’et rakitzis]’(lld-ad g;m%{nz%&@@e%y&) 20'4 +6,8~
tetracycl ohexyl cycl otetrasil oxane, 2,4,6, 8-tetrakis(iso- o
but oxyet hy EptFagyvsiepaxtylyaletetnasidBed8 asi 10dxfe Bitptrakis (iso-
2,4,6,8-tetrakis(tert-butoxyethyl)-2,4,6,8-tetracycl ohexyl -
cycl ot et r abuteredhyldo®ol FuB et ragiglicrentydiayid otet g kastansk jand
(et hoxypropyl)-2, 4,6, 8-tetranet hyl cycl otri sil oxane,
2, 4, 6, 8-t elr,dkiés Britettmakisohd Dt-Dut cayv@ thatln aet My | & \Bcl e t tardysillapx ane,
2,4,6,8-tetraki s(nmet hoxypropyl)-2,4,6,8- tetrai sopropyl cyclotrisiloxane,
2,4, 6, 8-t epeaitivd @yeillodat réiloxane.

[0088]

Further examples include 2,4,6,8-tetrakis~
(methoxyethyl)-2,4,6,8~tetracyclohexylcyclotetrasiloxane,
2,4,6,B-tetrakis (ethoxyethyl)-2,4,6,8-tetracyclohexyl-
cyclotetrasiloxane, 2,4,6,8-tetrakis (n-propoxyethyl) -
2,4,6,8-tetracyclohexylcyclotetrasiloxane, 2,4,6,8-
tetrakis (iscpropoxyethyl}-2,4,6,8-tetracyclohexylceyclo-
tetrasiloxane, 2,4,6,8-tetrakis(n-butoxyethyl)-2,4,6,8~-
tetracyclochexylcyclotetrasiloxane, 2,4,6,B~tetrakis{iso-
butoxyethyl)-2,4,6,8-tetracyclohexylcyclotetrasiloxane and
2,4,6,8-tetrakis (tert-butoxyethyl)-2,4,6,8-tetracyclchexyl-
cyclotetrasiloxane.

[0090]

Further examples include 2,4,6,8-tetrakis~
(methoxypropyl)-2,4,6,8-tetramethylcyclotrisiloxane,
2,4,6,8-tetrakis (methoxypropyl)-2,4,6,8-tetraethylcyclo-
trisiloxane, 2,4,6,8-tetrakis (methoxypropyl)-2,4,6,8-

tetraisopropylcyclotrisiloxane, 2,4,6,8-tetrakis (methoxy-
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butyl)-2,4,6,8-tetranethyl cyclotrisil oxane, 2,4,6, 8-

t et raki s(met hoxypentyl)-2,4,6,8-tetranethyl cyclotrisil oxane and
2,4,6,8-tetraki snet hoxyhexyl )-2,4,6, 8-tetranethyl cyclo- trisiloxane. [0091]
Furt her exanples include 2,4,6,8, 10-pent aki s-

(et hoxynet hyl ) - 2, 4, 6, 8, 10- pent anet hyl cycl opent asi | oxane,

2,4,6, 8, 10- pent aki s( et hoxynet hyl ) -2, 4, 6, 8, 10- pent aet hyl - cycl opent asi | oxane
and 2, 4, 6, 8, 10- pent aki s(met hoxynet hyl )- 2, 4,6, 8,

10- pent ai sqRiAYl-v @Wt@ﬂﬂﬂ@ﬂ@l&ﬂ%rﬂﬂﬂéﬁn&xaﬁm es incl ugles-
2,4,6, 8, 10- pentakls-

(nEthOXyetmﬂe “ooi%k Gh E¥Y¥Jﬁ” £Y6 | Ne,A5id clotrisiloxan

2,4,6, 8, 10- pentakls(nethoxyeth '4.'6,'8, 10- pent aet'hyl™- cy¢ opentasf?oxane

and 2,4,6, gntakd S( [}:{31 6,
10- pent ai s%p:cgpyl c’yegllgopen As]ﬁ oXane. Af‘ﬁ%@é]) I%l’rllt’her8 e&%‘%ﬁ) A

2,4,6-tritert, -2,4,6- tris(dinethylam no)cyclotrisil oxane,
2,4, 6- trltgﬁPﬁﬁyﬁ% 4 6-tris(diethyl am no)cyclotrisil oxane,

2,4,6,8-tetra- tert- butyI 2,4,6,8-tetraki s(di net hyl am no) cyclotetra
siloxane ZQP%§k3tetratert butyI 2,4,6,8-tetrakis-
(dlethylan1no)cyclotetra5|onane 2,4,6,8,10-pentatert -

butyl - 2, 4, 6, 8, 10FpaE*heE s( dRFBEBYRSN nodegtudeent 23i4 okehel O4entakis-

(methoxymethyl)-2,4,6,8,10-pentamethylcyclopentasiloxane,
2,4,6,8,10-pentakis (methoxymethyl}-2,4,6,8,10-pentaethyl-
cyclopentasiloxane and 2,4,6,8,10-pentakis (methoxymethyl) -
2,4,6,8,10-pentaigopropylcecyclopentasiloxane.

[0092]

Further examples include 2,4,6,8,10-pentakis-
(methoxyethyl)-2,4,6,8,10-pentamethylcyclopentasiloxane,
2,4,6,8,10-pentakis (methoxyethyl)-2,4,6,8,10-pentaethyl-~
cyclopentasiloxane and 2,4,6,8,10-pentakis (methoxyethyl) -
2,4,6,8,10-pentaisopropylcyclopentasiloxane.

[0093]

Further examples include 2,4,6-tritert-butyl-2,4,6-
tris{(dimethylamino)cyclotrisiloxane, 2,4,6-tritert-butyl-
2,4,6~-tris(diethylamino) cyclotrisiloxane, 2,4,6,8-tetra-
tert-butyl-2,4,6,8-tetrakis (dimethylamino)cyclotetra-
siloxane, 2,4,6,8-tetratert-butyl-2,4,6,8-tetrakis-
(diethylamino) cyclotetrasiloxane, 2,4,6,8,10-pentatert-

butyl-2,4,6,8,10-pentakis (dimethylamino) cyclopentasiloxane
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and 2,4,6,8,10-pentatert-butyl-2,4,6,8,10-pent aki s(di et hyl - am no)

cycl opent asi | oxane. [0094] Further exanples include
2,4,6-triisopropyl-2,4,6- tris(dimethylam no)cyclotrisil oxane,
2,4,6-triisopropyl- 2,4,6-tris(diethylamno)cyclotrisiloxane, 2,4,6,8-tetra-
| sopropyl -2, 4, 6, 8-tetrakis(di net hyl am no)cycl otetrasil oxane,
2,4,6,8-tetrai sopropyl -2, 4, 6, 8-tetraki s(di ethyl am no) cycl otetrasil oxane,
2,4,6,8, 10-pentai sopropyl -2, 4, 6, 8, 10-

pentakls(dl |52 Jane 2k i -
pent ai sopr Sgﬁ Y 44@6%8)l%gpent aki s(di et hylzg%dr?g)agylg%;%%taak-lss(lcflo%(ta{i%. [ 0095]

Furt her ex I r thyl -2, 4, 6-

1, 11 r{ y
tris(dimet %?/an%%n )Ccy gjot%slsil I%(%?anége 2,4,6-trinethyl-2,4,6-
tris(diet hy %lr?@omycl otrisiloxane, 2,4,6,8-tetranethyl -

2,4,6, 8- tet (di rrethyl am no)cyclotetrasiloxane 2,4,6, 8-

tetrarreth 1-2,4,6 et raki s(di et hyl.am_no) cycl ot etra S|onane

2,4 6,8, 10- pent af#EfPRr2, E"éﬁf? 185, prcd d)f 72,46 {rilsopropy1-2,4,6-
(d| met hyl am no)c cl opent asi | oxane and 2, 4, 6, 8, 10- pent a-

met hyl - 2, 4,18 ( vhiaming) splotiEisdlef@nshent ad A obmteiisauosyFur t her
exanpl es include 2,4,6-tris(4-
di net hyl ani2ndpiferbipis @iethwleamnidvslotaisididxaene, 44,4,6,8-tetra-

isopropyl-2,4,6,8-tetrakis (dimethylamino)cyclotetrasiloxane,
2,4,6,8-tetraisopropyl-2,4,6,8-tetrakis(diethylamino) -
cyclotetrasiloxane, 2,4,6,8,10-pentaisopropyl-2,4,6,8,10-
pentakis (dimethylamino)cyclopentasiloxane and 2,4,6,8,10-
pentaisopropyl-2,4,6,8,10-pentakis(diethylamino) cyclopenta-
siloxane.

[0095]

Further examples include 2,4,6-trimethyl-2,4,6-
tris(dimethylamino)cyclotrisiloxane, 2,4,6-trimethyl-2,4,6-
tris(diethylamino)cyclotrisiloxane, 2,4,6,8-tetramethyl~
2,4,6,B-tetrakis(dimethylamino)cyclotetrasiloxane, 2,4,6,8-
tetramethyl-2,4,6,8-tetrakis {diethylamino)cyclotetra-
siloxane, 2,4,6,8,10-pentamethyl-2,4,6,8,10-pentakis-
(dimethylamino) cyclopentasiloxane and 2,4,6,8,10-penta-
methyl-2,4,6,8,10-pentakis(diethylamino)cyclopentasiloxane.
[0096]

Further examples include 2,4,6-tris(4-

dimethylaminophenyl)-2,4,6-trimethylcyclotrisiloxane,
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2,4,6-tris(4-diethylam nophenyl)-2,4,6-trinmethylcyclotri- siloxane,
2,4,6,8-tetraki s(4-di met hyl am nophenyl ) -2, 4, 6, 8-
tetramet hyl cycl otetrasil oxane, 2,4,6, 8-tetrakis(4-diethyl-

am nophenyl)-2,4,6, 8-tetranethylcyclotetrasil oxane,

2,4,6, 8, 10- pent aki s(4-di met hyl am nophenyl ) -2, 4, 6, 8, 10-

pent anet hyl cycl opent asi | oxane and 2, 4, 6, 8, 10- pent aki s(4-
diethylaninophenyl) 2,4,6, 8, 10- pent anet hyl cycl openta- sil oxane. [0097]

Further exgmy ﬁﬂkaféfhfiéﬂfﬁdﬁﬂeﬂyﬂﬁdz:ﬁ‘%iﬁflm?thylcyclotrl-

trls(dlnethylboro)cyc otrisiloxane, 2,4, 6-tritert

butyl -2, 4, PRI oy ey Derah P Bt P o %ﬁér‘yh "2,4,6,8-
g j g g agtra}:rﬁert tsijt%lﬁ{é %?%8 tlgttrakl S(dlftd’lyé bé”é’&traﬁé’ 8} eélgtsl_lyloxane

pentakls(dlnethylboro)cyclopenta5|onane and 2, 10-
pentatert- tﬁﬂ%ﬂ-E?QP¥§¥T%Mf1ﬁﬂﬁeﬂ8§R§ﬁ WXA?Mﬁ%BF%&ﬁ%ﬁ%%R%P“%qonane [ 0098]
Furt her exanples include 2,4, 6- trllsopropyl

tris(di met Riddtd) RIRRT N obdnrbimet hy Jami; ncrmﬁnﬂwrz 4,6,8,10-
2,4,6-tris(diethylboro)cyclotrisiloxane, 2,4,6,8-tetraiso-

propyl - 2, 4 mere-ams tthad ey el opartha sidraRane | oaetr as? | bxG@, 109pentakis (4-
8-tetraisopropyl-2,4,6, 8-tetraki s(di ethyl boro) 45
diethylaminophenyl)-2,4,6,8,10-pentamethylcyclopenta-
siloxane.
[0097]

Further examples include 2,4,6-tritert-butyl-2,4,6-
tris (dimethylboro) cyclotrisiloxane, 2,4,6-tritert-butyl-
2,4,6-tris(diethylbeoro)cyclotrisiloxane, 2,4,6,8-tetratert-
butyl-2,4,6,8-tetrakis (dimethylboro) cyclotetrasiloxane,
2,4,6,8-tetratert-butyl-2,4,6,8-tetrakis{diethylboro}-
¢yclotetrasiloxane, 2,4,6,8,10-pentatert~-butyl-2,4,6,8,10-
pentakis (dimethylboro)cyclopentasiloxane and 2,4,6,8,10-
pentatert-butyl-2,4,6,8,10-pentakis (diethylboro) cyclopenta-
siloxane.

[oo98]

Further examples include 2,4,6é-triisopropyl-2,4,6-
tris(dimethylboro)cyclotrisiloxane, 2,4,6-triisopropyl-
2,4,6-tris(diethylboro)cyclotrisiloxane, 2,4,6,8-tetraiso-

propyl-2,4,6,8-tetrakis(dimethylboro)cyclotetrasiloxane,

2,4,6,8-tetraisopropyl-2,4,6,8-tetrakis(diethylboro)-
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cyclotetrasil oxane, 2,4,6,8,10-pentai sopropyl -2, 4,6, 8, 10-

pent aki s(di et hyl bor o) cycl opent asi | oxane and 2, 4, 6, 8, 10-

pent ai sopropyl -2, 4, 6, 8, 10- pent aki s(di et hyl bor o) cycl openta- sil oxane. [0099]
Furt her exanples include 2,4,6-trinethyl-2,4,6-

tris(di methyl boro)cyclotrisiloxane, 2,4,6-trimethyl-2,4,6-

tris(diethyl boro)cyclotrisiloxane, 2,4,6,8-tetranethyl -

2,4,6, 8- tetrakis(dinethylboro)cyclotetrasiloxane 2,4,6,8- tetranethyl -

6, 8-tetrak t.hyl har | ot

2, 4,6, g rlg éﬁ{%( ter?ettﬁéﬁ q‘f}gf r%sc’ 0 e’sét q?,i&:d(ﬂ'as errr%a'iarfyﬁ% WYL B ot tdT 1 oxane
d 2,4,6,8,1 t 0- t d th

2ch opent adl r&?ﬁ‘ﬁ%@’%ﬁ%} l%ﬂr[cﬁ %%%%%ssa' R gﬂggr? i%(2- i 1Rt hy! -

bor ophenyl) -2, 4, 6- trlnethyligé(nr|3|loxane tris(4-

di et hyl bor STERHSAPEPY: raenakdis @&&@yllprzp)@yclopenta—
8-tetrakis(4- dlnethylborophenyl) 2 4,6,8-tetranethyl - cycl otetrasil oxane,

2,4, 6, 8-t et3idigxane di et hyl borophenyl) 2,4,6,8-tetranet hyl -
cyclotetra3|loxane 2,4,6, 8, 10-
pentakis(4~kﬂ0ﬁ§jhylborophenyl)-2,4,6,8,10-pentanethy|cyc|o- pent asi | oxane
and 2,4,6,8, 10-pentakis(4-diethylborophenyl)- 2,4,86,8,

10- pent anet hyl cy Guedrirasi lexeades 01GHcldfde 2,4,6-trimethyl-2,4,6-
tris{(dimethylboro)cyclotrisiloxane, 2,4,6-trimethyl-2,4,6-
tris({diethylboro)cyclotrisiloxane, 2,4,6,8~tetramethyl-
2,4,6,8-tetrakis (dimethylboro)cyclotetrasiloxane, 2,4,6,8-
tetramethyl-2,4,6,8-tetrakis (diethylboro)cyclotetrasiloxane,
2,4,6,8,10-pentamethyl-2,4,6,8,10-pentakis (dimethylboro) ~
cyclopentasiloxane and 2,4,6,8,10-pentamethyl-2,4,6,8,10-
pentakis (diethylboro)cyclopentasiloxane.

[0100]

Further examples include 2,4,6-tris(4-dimethyl-
borophenyl)-2,4,6-trimethylcyclotrisiloxane, 2,4,6-tris(4-
diethylborophenyl)-2,4,6-trimethylcyclotrisiloxane,
2,4,6,8-tetrakis{4{-dimethylborophenyl)-2,4,6,8-tetramethyl-
cyclotetrasiloxane, 2,4,6,8-tetrakis(4-diethylborophenyl)-
2,4,6,8-tetramethyl- cyclotetrasiloxane, 2,4,6,8,10-
pentakis (4-dimethylborophenyl)-2,4,6,8,10-pentamethylcyclo-
pentasiloxane and 2,4,6,8,10-pentakis(4~-diethylborophenyl) -
2,4,6,8,10-pentamethylcyclopentasiloxane.

[0101]

46



The material for formng Si-containing filmof the present invention
contains the cyclic siloxane conpound represented by the general formula
(1). Wen it is used as an insulting filmmterial, it is preferable that
the anount of inpurities other than silicon, carbon, oxygen, hydrogen,
nitrogen and boron is |less than 10 ppb, and a water content is |less than 50
ppm [0102] The production nmethod of the cyclic siloxane conpound
represented by the general formula (1) is not particularly Ilimted, but the

met hod of producimig tRSLEe¥Ehi C fr OKSARI n§ OBIAM thaVing t et ect uwg of
the general fornula (2) can use, for exanple, a nmethod of hydrolyzing an

i ;?Eﬁgaﬁ‘;ﬁ%‘%‘? i'[&‘é'?é‘%i%&”ipe%?g%iff RS _%g‘%%j Eégﬁgka‘iﬂ?”g‘g?‘ﬁg&?f‘i ﬁiﬂ .
azregae%é]sg% X n%?h%ﬁé oggp?g%P Fo:}m%lé Qég Rifs e, 24 1? 3 as

acid or a ba ucing by r tinga cyclic sTToxAne

represented by tAe QNP YIRS L 1P M @ (D Hleferable that the

amount of impurities other than silicon, carbon, oxygen,
hydrogen, nitrogen and boron is less than 10 ppb, and a
water content is less than 50 ppm.

[0102]

The production method of the cyclic siloxane compound
represented by the general formula (1) i.s not particularly
limited, but the method of producing the c¢ycelic siloxane
compound having the structure of the general formula (2)
can use, for example, a method of hydrolyzing an oxygen-
containing silane compound represented by the following
general formula (B)

[0103]

[Chem. 9]

RK\\'/ORs

_ Si
Rao/\‘ORB (8)

(In the formula, R' and R® are the same as defined above.),
in the presence or absence of an acid or a base,
and a method of producing by reacting a cyc¢lic siloxane

represented by the following general formula (9)
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[0104] [Chem 1
the sane as defi
catalyst. [0105
havi ng the struc
met hod of hydr ol
the foll owi ng ge
(OR9)4-(5+t ) P
as defined

by reacting the
conpound, an

. el .
acid or a baSe,

0] (HHn ~R2-n Si OX (9) (Inthe fornula, RL, n and x are

ned above), and alcohols in the presence of Pd, NI or Rh

] The nethod of producing the cyclic siloxane conpound

ture of the general formula (3) can use, for exanple, a

yzi ng an oxygen-contai ning silane conpound represented by

neral formula (10) [0106] [Chem 11] [(R2 R3}_Si(R1)

s (10) (Int he formula, Rl, R2, R3, RO and p are the sane

sislor 2 tisOor 1, and s+t is 1 to 2.), obtained

correspondi ng Gignard reagent or 48 organic lithium
Aggnic silane conpound, in the presence or absence of an

an

(9)

(In the formula, R', n and x are the same as defined above),

and alcohols in the presence of Pd, Ni or Rh catalyst.

[0105]

The method of producing the cyclic siloxane compound

having the structure of the general formula (3) can use,

for example, a method of hydrolyzing an oxygen-containing

silane compound represented by the following general

formula (10)

[0106]

[Chem

. 11]

0 \ R3 ] Si(R"), (OR® Jats +t )
}ﬂ J s
(10)

(In the formula, R}, R?, R?), R’ and p are the same as

defined above. s is 1 or 2, t is 0 or 1, and s+t is 1 to

2.),

obtained by reacting the corresponding Grignard reagent or
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met hod of producing by reacting the cyclic siloxane represented by the
general fornmula (9) and an al kyne conpound having R20 group in the presence
of Pt catalyst. [0107] The nethod of producing the cyclic siloxane having
the structure of the general fornmula (4) can use, for exanple, a nethod of
hydrol yzi ng a nitrogen- or oxygen- containing silane conpound represented by
the followwing general fornula (11) [0108] [Chem 12] R4 Si(R)" (ORS O

Y4-(" . \YUR4/ (1 1) (Inthe formula, Rl, R4 and R10 are the sane as
defined abkeganik il thiim 2conpoand, Obnd, aANtobdani& §illand )aonpgbdmE,
presence or absence of an acid or a base. [0109] The nethod of producing

the cyclicisi | ex@npreaepeentbr havs8ack NSt ANCHYIR Obrt Re Wese! ahnfiorgul a
(5) can use, for exanple, a nethod of hydrolyzing a nitrogen- or oxygen- 49

cont ai ni Ngrthdde GHPPFUEISHSES WY edr¥ctfgf OkheW RGclic  siloxane

represented by the general formula (9) and an alkyne
compound having R0 group in the presence of Pt catalyst.
[0107]

The method of producing the cyclic siloxane having
the structure of the general formula (4) can use, for
example, a method of hydrolyzing a nitrogen- or oxygen-
containing silane compound represented by the following
general formula (11)

[0108]

{Chem. 12]

R4

N1+—SiR")y (OR' © Yau +v)

S

R 4 (11)

(In the formula, R}, R' and R!* are the same as defined
above. uis 1l or 2, vis 0 or 1, and u+v is 1 to 2.),
in the presence or absence of an acid or a base.
[0109]

The method of producing the c¢yclic siloxane compound
having the structure of the general formula (5) can use,

for example, a method of hydreclyzing a nitrogen- or oxygen-
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general fornula (12) [0110] [Chem 13] 4 R5 SIR)OR11)4+) Y (12) (In the
formula, R, R4, R5, Rl1l and q are the sane as defined above. y is 1 or 2,
zis Oor 1, and y+z is 1 to 2.), in the presence or absence of an acid or
a base. [0111] The method of producing the cyclic siloxane having the
structure of the general formula (6) can use, for exanple, a nmethod of
hydr ol yzi ng a boron- or oxygen- containing silane conpound represented by
the following general fornmula (13) [0112] [Chem 14] Rs \B
Si (R1) b( ORt2rtaliating BRHlane (ddhpointd (Irepresdmiadll By Rthe REFE@bWRIY ar e
t he sanme as defined

general formula (12)

[0110]

{Chem. 13]

Si(R"),(OR" Yeyez)

- B (12)

(In the formula, R', R*, R°, RY and q are the same as
defined above. vy is 1 or 2, z is 0 or 1, and y+z is 1 to
2.),

in the presence or absence of an acid or a base.

[0111}

The method of producing the cyclic siloxane having
the structure of the general formula (6) can use, for
example, a method of hydrolyzing a boron- or oxygen-
containing silane compound represented by the following
general formula (13)

[0112]

[Chem. 14]

RS

B+—Si(R"),(OR" )4<a+n)
s///
R a

(13)
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above. ais 1l or 2, bis Oor 1, and atbis 1 to 2.), in the presence or
absence of an acid or a base. [0113] The nethod of producing the cyclic

sil oxane having the structure of the general fornmula (7) can use, for
exanpl e, a nmethod of hydrolyzing a boron- or oxygen- containing silane
conpound represented by the followng general formula (14) [0114] [Chem
15] [(:B)r R7 Si(R1)d(OR1340+d) ¢ (14) (In the formula, Rl, R6, R, R13
and r are the sanme as defined above. cis 1 or 2, dis O or 1, and c+d is 1

to 2.), inthetpeesmsigmuind, aR3PN&E QIndANRYCI Hrd! thbastme [ER118br1Red
conducting the reaction, inorganic acids such as hydrochloric acid, nitric

acid and syddird C ach@ 1aR¢ 207 @ARISC cAgrdy Snly asd Qllanegpld gnic acid can
be used as an acid to be present. Further, in conducting the reaction, 51

sodi um Ny drg i, AUAIRLBIVELHLL of UH WRIFI LX), Gage POL ASST UM
met hoxi de, sodi um-et hoxi de, potassi um et hoxi de,
[0113]

The method of producing the cyclic siloxane having
the structure of the general formula (7) can use, for
example, a method of hydrolyzing a boron- or oxygen-
containing silane compound represented by the following
general formula (14)

[0114]

[Chem. 15]

B—+—R™—Si(R4(OR®)scra)

r Cc

- B (14)

(In the formula, R}, R®, R’, R™ and r are the same as
defined above. ¢ is 1 or 2, d is 0 or 1, and c+d is 1 to
2.),
in the presence or absence of an acid or a base.
[0115]

In conducting the reaction, inorganic acids such as
hydrochloric acid, nitric acid and sulfuric acid, and
organic acids such as toluenesulfonic acid can be used as

an acid to be present. Further, in conducting the reaction,
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sodlun1tert|ary butOX|de potassiumtertiary butoxide or the |ike can be
used as a base to be present. [0116] The Pd, N or Rh catalyst that can be
used in reacting the cyclic siloxane conpound of the general formula (9)
and al cohol s includes Pd(0), Nl (O or Rh(0) catalyst supported on a high
surface area activated carbon, and a heterogeneous or honogeneous catal yst
represented by the follow ng general formula (15) [0117] [Chem 16] MXelf
(15) (In the fornula Mrepresents Pd, NN or Rh, X represents fluorine,

hl ori ne, o ' i
conpound %rgn BpdroREuds. Pinep L BR8E0% §e+%8‘?%“‘§”n“‘jeqn%‘u B, 151ying
e A LI, e R R

am ne conp can use
compound. T E6F3 Lt%%r%{lae R BarAT S ims R araie bespxsRsgator al
Formula (17L Egiggcan be used as a base to be present.

[0116]

The Pd, Ni or Rh catalyst that can be used in
reacting the c¢yclic siloxane compound of the general
formula (9) and alcohols includes Pd(0), Ni(0) or Rh{0)
catalyst supported on a high surface area activated carbon,
and a heterogeneous or homogeneous catalyst represented by
the following general formula {15)

{0117]
[Chem. 16]

MX.L¢ (15)

{(In the formula, M represents Pd, Ni or Rh, X represents
flubrine, chlorine, bromine and iodine, and L represents an
electron donating compound. e and f are a number of 0 or
more, and e+f is a number satisfying the valency of M and
coordination number) .
[0118]

| A phosphine compound, an amine compound and the like
can be used as the electron donating compound represented

by L in the general formula (15). Specifically, a

phosphine compound represented by the following general
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[Chem 17] PR143 (16) (In the fornula, R14 is the sanme as defined above.
Rl4s may be the same or different.) [0120] [Chem 181 Rl15 1 P-R15 P R 5
115 R (1 7) (In the forrmula, Rl15 is the sane as defined above. R15s nmay be
the sane or different.), or an am ne conpound represented by the follow ng
general fornula (18) or (19) [0121] [Chem 19] NR163 (18) (In the fornula,
R16 is the sane as defined above. Rl16s nay be the sane or different.) 53
[0122] [Chem 20] R17

formula (16) or general formula (17)

[0119]

[Chem. 17]

PR, (16)
(In the formula, R is the same as defined above. R¥s may
be the same or different.)

[0120]

[Chem. 18]

RIE

15

R15 (17)

(In the formula, R'® is the same as defined above. R%®s may
be the same or different.),
or an amine compound represented by the following general
formula (18) or ({19)
[0121]
[Chem. 19]
NR'®, (18)
(In the formula, R is the same as defined above. R'%s may

be the same or different.)
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N RL7 NRL7 117 R(19) (In the formula, R17 is the same as defined
above. R1l7s may be the sane or different.), can be used. [0123] The
reaction solvent that can be used in producing the cyclic siloxane conpound
represented by the general fornula (1) is not particularly limted so far
as it is wused in the art of this field. Exanples of the solvent that can
be used include saturated hydrocarbons such as n- pentane, i-pentane,

n- hexane, cycl ohexane, n-heptane and n- decane; unsaturated hydrocarbons
such as toljea2e,] xyl ene and decene-1; ethers such as diethyl ether,

di propyl ether, tert-butyl nethyl ether, dibutyl ether, cyclopentyl nethyl
et her and treheahydioqf uran; and al cohols such as nethanol, ethanol,

i sopropanol, n-butanol, tert-butanol and 2- 54 ethyl hexanol. M xed sol vents
of those can be used. Especially, when ethers or al cohols are used, there
is the case thglf the cyclic siloxane conpound represented by the general
formula (1) havjng a specific nolecular weight can be produced in high

yi el d.

N________RI'I
N_Rﬂ'
17
R (19)

(In the formula, R is the same as defined above. R'7s may
be the same or different.),

can be used.

[0123]

The reaction scolvent that can be used in producing
the cyclic siloxane compound represented by the general
formula (1) is not particularly limited so far as it is
used in the art of this field. Examples of the solvent
that can be used include saturated hydrocarbons such as n-
pentane, i-pentane, n-hexane, c¢yclohexane, n-heptane and n-
decane; unsaturated hydrocarbons such as toluene, xylene
and decene-1; ethers such as diethyl ether, dipropyl ether,
tert-butyl methyl ether, dibutyl ether, cyclopentyl methyl
ether and tetrahydrofuran; and alcohols such as methanol,

ethanol, isopropanol, n-butanol, tert-butanol and 2-
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[0124] The reaction tenperature in producing the cyclic siloxane conpound
represented by the general fornmula (1) is in a range of from-100 to 200C
which is a tenperature generally used industrially, and preferably in a
range of from-85 to 150C. Pressure condition of the reaction can be under
pressure, at normal pressures or under reduced pressure. [0125]
Purification nmethod of the cyclic siloxane conpound represented by the
general formula (1) produced can use a purification method such as

di still ati ethgtlheciamall . preNsneds sbluades I educCathodeeSTATEL, b GHdHAM
separation wusing silica, alumna or polyner gel, in order to reduce a

wat er cont @apediialyi,s whed! WtHdrdiser as1 86hbéDsuLaki Dgeli, | heat a'd alhd 0 | eSS
than 50 ppm and the anobunt of inpurities other than silicon, carbon,

oxygen and Bydr aagiy 86N cPe1ikbheiaBiiHe OlomBd @i | ErBHE-éEéREedt By 8% t han

10 ppb. In this case, thoSe nethods nay be conbi ned accord |ng t0 need. 55

[0126] Vel 3, M8t g & tae”h.) A, ) gﬁ.&?ic‘ MRy eldh & g%: SR S

ot her than~silicon, ca oxygen a d rogen, especrally T due of
nmet al |npu |t|es cI|c [ oxane conpound represented by the
gener al Fffe ield.

[0124]

The reaction temperature in producing the cyclic
siloxane compound represented by the general formula (1) is
in a range of from -100 to 200°C which is a temperature
generally used industrially, and preferably in a range of
from -85 to 150°C. Pressure condition of the reaction can
be under pressure, at normal pressures or under reduced
pressure.

[0125]

Purification method of the cyclic siloxane compound
represented by the general formula (1) produced can use a
purification method such as distillation at normal
pressures or under reduced pressure, or column separation
using silica, alumina or polymer gel, in order to reduce a
water content which is useful to use as an insulating film
material to less than 50 ppm, and the amount of impurities
other than silicon, carbon, oxygen and hydrogen, such as
the amount of metal impurities, to less than 10 ppb. In

this case, those methods may be combined according to need.
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finally obtained are high, such a conmpound is not suitable as an insulating
filmmaterial. [0127] In the production, other conditions preferably follow
the nethods in the fields of organic synthesis and organic netal conpound
synthesis. Specifically, it is preferable that the production is conducted
in a water-renoved and deoxidized nitrogen or argon atnosphere, and

wat er-renoval operation is previously applied to a solvent used and a
colum filler for purification. Further, it is preferable that inpurities
such as net@idegsi dues and particles are renpved. [0128] The cyclic

si | oxane conmpound represented by the general fornmula (1) of the present

venton 15 seyasen o AL akohBbntor B0 Ol CRRbLE U T ALen I -

containing filmca uced using the sane as nthis
it is

case, the fid m.form.n t hod.i.s nat.. limted, but preferable to
conduct th én@tlﬁ&?nt?ysg T g‘-é’aé’nc?]‘l]’thogl’escﬁefgc’&’lf’ﬁf%ﬁ%ra«ﬂ# 2’35 Wiltruct by
PECVD. [0129] The kind of PECVD_and g%uipnent used in this case are not
parti cul ar [§PHSSH . E&ST PE, PREYD uiBRUFHEICRet hbR gBMRr #YSL4Red in

this technical field such as
siloxane compound represented by the general formula (1)

finally obtained are high, such a compound is not suitable
as an insulating film material,
[0127]

In the production, other conditions preferably follow
the methods in the fields of organic synthesis and organic
metal compound synthesis. Specifically, it is preferable
that the production is conducted in a water-remcved and
deoxidized nitrogen or argon atmosphere, and water-removal
operation is previously applied to a solvent used and a
column filler for purification. Further, it is preferable
that impurities such as metal residues and particles are
removed.

[0128]

The cyclic siloxane compound represented by the
general formula (1) of the present invention is used as a
material for forming Si-containing film, and an Si-
containing film can be produced using the same as a raw
material, In this case, the film forming method is not

limited, but it is preferable to conduct the method by CVD,
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sem conductor production field and liquid crystal display production field.
[0130] In the PECVD equi pnent, the material for formng Si- containing film
of the present invention is vaporized with a vaporizer and introduced into
a filmformation chanber, a voltage is applied to an electrode in the film
formati on chanber by a high frequency power source to generate plasnma,
thereby formng a plasma CVD thin filmon a silicon substrate or the like
in the filmformation chanber. In this case, a gas such as argon or helium

and an oxi di g 3¢ 39834 CH 135 (PG R T, BRReRE | ntroduced
for the p%r éosg cl)? ge gr at'i ngsgl asna. bgl?l‘ Ityﬁ)ercf&%gu%u&: tg%neous ‘i ntroduction
of an orgaqb&zgqroxide or an epoxy conpound for the purpose of formng

pores in a‘thinfilmis also included in the scope of the present

i containing fAPe binehge, PEEER S Saiamany 2oPeciD clthhiehe 34 hin

filmsuitable as a low dielectric constant material (Lowk 57 material) for

sem conduct@t JBIFELCHLATHE fho¥hkted: [ 01 B RleymaPEENRr desem fehod of

PECVD equi pnent is not particularly limted, and inductively coupled

pl asma, cigibiod vgeyecaﬁéyeduw@srm} EbR | feshnigadr obhmeddpl swem as
semiconductor production field and liquid crystal display
production field.
[0130]

In the PECVD equipment, the material for forming Si-

containing film of the present invention is vaporized with
a vaporizer and introduced into a film formation chamber, a
voltage is applied to an electreode in the film formation
chamber by a high frequency power source to generate plasma,
thereby forming a plasma CVD thin film on a silicon
substrate or the like in the film formation chamber. 1In
this case, a gas such as argon or helium and an oxidizing
agent such as oxygen or nitrous oxide may be introduced for
the purpose of generating plasma. Further, simultaneous
introduction of an organic peroxide or an epoxy compound
for the purpose of forming pores in a thin film is also
included in the scope of the present invention. When a
film is formed using the material for forming Si-containing

film of the present invention by a PECVD equipment, a thin

film suitable as a low dielectric constant material (Low-k
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and the like that are used in the art can be used. Inductively coupled

pl asma and capacitively coupled plasma are preferable. As a plasm
generation source, various types such as parallel plate type and antenna
type can be wused, and as an inert gas supplied to a chanber of the PECVD
equi pnment, helium argon, krypton, neon, xenon and the |ike that are used
in this technical field can be used. [0132] As one exanple of the PECVD
equi pnent, a paraIIeI pl ate capacitively coupled PECVD equi pnent i s shown
N FO L HARA) PorP!AhA SARARIIDY GlatcuRled JEQQLEq! prent 1 shoun
in Fig. 1 conprlse ower head upper elec e an Sower el ect rode
capabl e of ﬁéﬁ? (MI |ng tenperature of a substrate i n a PECVD equi pnent

chanber, |zation equi pnent whi ch vapori zes the general formula (1)
and supplles to the c anber, a plasma generatlon eqy men conpr|3|ng a
hi gh frequency p g o aﬁaegaﬁeeemWﬁf Q4 r efi tF ‘aﬁa SAVARRENSt st em

conprising a vacuuntpunp [0133] 58 Specifically, the PECVD equi pnent 1
conpri ses AEAFtifakdely 21limitegperand eb‘tqi‘é)‘él'él‘?)ekévpﬁglpéesihdvhsmiead f or
uni formy supplying the compound of the general fornula (1) in the chanber,

a | ower el s@pastidivdiayi couplednpdasmar; e EGRrplasmalevimierdwhye gelasma a

thin filmformng substrate
and the like that are used in the art can be used.
Inductively coupled plasma and capacitively coupled plasma
are preferable. As a plasma generation source, various
types such as parallel plate type and antenna type can be
used, and as an 1inert gas supplied to a chamber of the
PECVD equipment, helium, argon, krypton, neon, Xxenon and
the like that are used in this technical field can be used.
[0132]

As one example of the PECVD equipment, a parallel

plate capacitively coupled PECVD equipment is shown in Fig.
1. A parallel plate capacitively coupled PECVD equipment 1
shown in Fig. 1 comprises a shower head upper electrode and
a lower electrode capable of contrelling temperature of a
substrate 1in a PECVD equipment chamber, a wvaporization
equipment which vaporizes the general formula (1) and
supplies to the chamber, a plasma generation equipment
comprising a high frequency power source and a matching

circuit, and an exhaust system comprising a vacuum pump.

[0133]
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5 such as an Si substrate, vaporization equipnent 9 to 15 for vaporizing

t he conmpound of the general formula (1), a matching circuit 6 and a RF
power source 7, that are a plasma generation source, and an exhaust

equi pnent 16 for exhausting an unreacted product and a by-product in the
chanber. 17 and 18 are earth ground. [0134] The matching circuit 6 and RF
power source 7, that are a plasma generation source are connected to the
upper electrode 3, and plasma is generated by discharging. The standard of

t he RF power soug&t%hclfll%aq_%{ﬁ:oc@’]tel ?ﬁ'ﬁ"‘"y )éﬁ%}’"?ne ei:ld c%ltmgr esel'gF ap ource

generally used in téec ectr ower fom1Wto
2, 000W ef er fromlOW 0 00 dafreq nc fro 50 kHz
to 2.5 GHz, g‘ﬁ%}e@ a% Fr SRPES0 %% ChRP (8% Nﬁfwl&ﬁd pgﬁ?w%ﬁl %ﬁ E%‘f erably
from 200 kHz to 50 N+t can be ¥§e 135] Control of substrate

t enper at ur émilsfqmlypaﬁ’-‘cﬂmlé}q q iGAMRRRRd,Rf (Hhe SRR, FrmEla n(l) range
of from-90 to 59 1,000C and preferabl fromOC to 500C. [0136] The
vapori zati ém cthe preambesmpE skaver c@ﬂt?&ﬂiﬁé‘ﬂelﬂ havied @i tYemprRrabmound 13

of the general fornmula (1) which is liquid at ordinary tenperature and
nor nal control device 8 for setting a thin film forming substrate

S5 such as an Si substrate, vaporization equipment 2 to 15
for vaporizing the compound of the general formula (1), a
matching circuit 6 and a RF power source 7, that are a
plasma generation source, and an exhaust equipment 16 for
exhausting an unreacted product and a by-product in the
chamber. 17 and 18 are earth ground.

[0134]

The matching circuit 6 and RF power source 7, that
are a plasma generation source are connected to the upper
electrode 3, and plasma is generated by discharging. The
standard of the RF power source 7 is not particularly
limited, but the RF power source generally used in this
technical field, having electric power of from 1W to 2,000W,
and preferably from 10W to 1,000W, and a frequency of from
50 kHz to 2.5 GHz, preferably from 100 kHz to 100 MHz, and
particularly preferably from 200 kHz to 50 MHz, can be used.
[0135]

Control of substrate temperature is not particularly

limited, but the temperature is in a range of from -30 to
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pressures and equi pped with a dip piping and a piping 15 which pressurizes
by the insert gas, a liquid flowrate control device 10 which control fl ow
rate of the conmpound 13 of the general formula (1) which is liquid, a
vaporizer 9 which vaporizes the conpound 13 of the general forrmula (1)
which is liquid, a piping 14 for supplying the inert gas in the PECVD

equi pnent chanber via the vaporizer, and a gas flow rate control equi pnent
11 which controls flowrate of the insert gas. The vapori zation equi pnent

is connectgd dfRn thgn%p9?8f§f%5%§0?§°%'%qei 869?5“¢J1 a shower head from the
i t 0 .

vapori zer V|a pi’'pi'ng one exanple O e PECVD equi pnent, an

I nductive Agﬁgﬁged renote PECVD equi pnent is shown in Fig. 2. An inductive
coupled re ECVD equi prent 19 shown in Fig. 2 conprises a plasna
generation part und in a c0|Jed state around quartz at an upper portion
of a PECVD equip VaRhhert l%“t@ﬁﬁé?ﬁ‘?m:ec&ﬂﬂ qsab?ecﬁfﬁ'?tlf’ﬁre tting
part, a v%ﬁd{lzatlon equi pnment whi ch vaporizes the conpound of . 60 the
general forfihiled 1¥15Rd ShppIcoERoMed hi3 ciednbehe genanadnafgamedat i b6h

equi pnment conprising a high frequency power source and a matching circuit,
and an exhatsitdlon isysiaguadnprasi erdinvacyiuntepuppraforgsg] and normal

pressures and equipped with a dip piping and a piping 15
which pressurizes by the insert gas, a liquid flow rate
control device 10 which contrel flow rate of the compound
13 of the general formula (1) which is liquid, a vaporizer
9 which vaporizes the compound 13 of the general formula
(1) which is liquid, a piping 14 for supplying the inert
gas in the PECVD equipment chamber via the vaporizer, and a
gas flow rate control equipment 11 which controls flow rate
of the insert gas. The vaporization equipment is connected
to the upper electrode 3 equipped with a shower head from
the vaporizer % via piping.

[0137]

As one example of the PECVD equipment, an inductive
coupled remote PECVD equipment 1is shown in Fig. 2. An
inductive coupled remote PECVD equipment 19 shown in Fig. 2
comprises a plasma generation part wound in a coiled state
around quartz at an upper portion of a PECVD equipment
chamber, a temperature-controllable substrate setting part,

a vaporization equipment which vaporizes the compound of
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Specifically, the PECVD equi pnent 19 conprises a PECVD chanmber 20, a coi

21 and a quartz pipe 22 that are the plasma generation part, a heater part
23 for setting a thin filmform ng substrate 24 such as an Si substrate and
a tenperature control device 27, a vaporization equipnent 28 to 35 for
vapori zi ng the conpound of the general fornmula (1), a matching circuit 25
and an RF power source 26, that are a plasnma generation source, and an
exhaust equi prent 36 for exhausting an unreacted product and a by- product

in the chamRergeddrad V1% Oy a[rQil?’%lleHe Oide a.rtﬂ\é”dcﬂ%gﬁéghgsaa

pl asma generation part is connected to the hatching circuit

di scharge | nd n ur . etic.field rrent
in a quart?iasg% tggggg%?%?g pﬂ%‘?anggﬁgl%?%% hé &E%%V\eér%yes%[:lﬁnc 26 is
not particularly Limted,_ but_the F.gomer sour.ce egerally sed ji.n this
techni cal PPBRE, SRAEFRG WRbcE i B2 FEEDT of ot tiw BB, SB0RFRAHP T er abl y
fromlONto 1,000W and a frequency of from50 kHz to 2.5 61 GHz,
preferablysV?&ﬁFiGﬁmEﬁ%sﬂ8giﬁoVﬁﬁ?&”ﬁﬁﬂmﬁhrticuIarIy preferably from 200
kHz to 50 MHz, can be used. [0140] Control of a substrate tenperature is not
particul arl[f1B38%i ted, but the tenperature is in a range of

Specifically, the PECVD equipment 19 comprises a
PECVD chamber 20, a coil 21 and a quartz pipe 22 that are
the plasma generation part, a heater part 23 for setting a
thin film forming substrate 24 such as an Si substrate and
a temperature control device 27, a vaporization equipment
28 to 35 for vaporizing the compound of the general formula
(1), a matching circuit 25 and an RF power source 26, that
are a plasma generation source, and an exhaust equipment 36
for exhausting an unreacted product and a by-product in the
chamber. 37 is earth ground.

[0139]

The coil around quartz as a plasma generation part is
connected to the matching circuit 25, and discharge is
conducted at an antenna current magnetic field by RF
current in . a quartz pipe to generate plasma. Standard of
the RF power source 26 is not particularly limited, but the
RF power source dgenherally used in this technical field,
having electric power of from 1W to 2,000W, and preferably

from 10W to 1,000W, and a frequency of from 50 kHz to 2.5
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from-90 to 1,000C, and preferably fromOC to 500C. [0141] The vapori zation
equi pnent conprises a container 32 filled with the conmpound 33 of the
general formula (1) which is liquid at ordinary tenperature and nor mal
pressures and equi pped with a dip piping and a piping 35 which pressurizes
by the insert gas, a liquid flowrate control device 29 which controls flow
rate of the conpound 33 of the general forrmula (1) which is liquid, a
vaporizer 28 which vaporizes the conmpound 33 of the general formula (1)

which is | gyl dpr RRIKG, SArd®r 160PRUY RQ 10 | gL aaasg'ra@ﬂi%%l%'%

equi pment chanber via the vaporizer, a gas flow rafe control equi prent 30

whi ch contbgb%eﬁggw %mpaootﬂgziQ%e§btﬁ§§éa§? .ggsngggi head 31 for

uniformy “supplyirng the inert gas an i ed compound 33 of the
formul a (1%0Eﬂ Hhe chanber. [0142] The conpound represented by the general
formula (1) 9 gasified using, for exanple, the PECVD equi pnent as 62
exenplified above, and_supplied in %gg chanber, according to _need, together

with the inert g9SPtERY i sOFforndd | SETALR| m FETPRERBUTEn t HiSs cASE

pressure in the chanber is not particularly limted, but is from0.1 Pa to

10, 000 Pa, Pazfdcplardvadiipiftesm Puly the steguperature is in a range of
from -90 to 1,000°C, and preferably from 0°C to 500°C.
[0141]

The wvaporization equipment comprises a container 32

filled with the compound 33 of the general formula (1)
which 1is 1liquid at ordinary temperature and normal
pressures and equipped with a dip piping and a piping 35
which pressurizes by the insert gas, a liquid flow rate
control device 29 which controls flow rate of the compound
33 of the general formula (1) which is liquid, a vaporizer
28 which vaporizes the compound 33 of the general formula
(1) which is liquid, a piping 34 for supplying the inert
gas in the PECVD equipment chamber via the vaporizer, a gas
flow rate control equipment 30 which controls flow rate of
the insert gas, and a shower head 31 for uniformly
supplying the inert gas and the gasified compound 33 of the
formula (1) in the chamber.
[0142]

The compound represented by the general formula (1)

is gasified using, for example, the PECVD equipment as
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[0143] Thus, an Si-containing filmis obtained. This film has a | ow
dielectric constant, and depending on the conditions, a filmhaving a
dielectric constant of 2.0 or lower is obtained. Therefore, the filmcan be
used as a low dielectric constant film Further, the filmpreferably has a
cyclic siloxane structure. The cyclic siloxane structure nmay be a residual
cyclic siloxane structure in the cyclic siloxane conpound represented by
the general formula (1) or may be newly fornmed by plasma. As a result, a

filmhavin | 4. i l,oxane ructure.is a _porous fil havi ng a,.mai n pore
size of 1 %r’ﬁ%én?iﬁefls}%dsﬁﬁ >gﬁee’r , g1];|5%r %’glppglrlgano rpc%rr’ffi ﬁﬁﬁ'ﬂg],era r?é"tc%r%(%’s not
diffuse in_the film, a t he fil m.,has, high nechani gal. propertjes and high
heat conddti .A’Thté)r%ﬁ F Y e, Jr%e]gtt%?ﬁ'f?P é?ng’EH‘FF’y 1ndQ bl e as
a low dielectric constant material (Lowk material) for sen conductor

devi ce. Th&tlms BY tPEGVRy t 8y thifef@Rs®i ePERESVER Y okt Fhambercdifduct ed
under PECVD conditions so as not to disintegrate the cyclic siloxane 63
structure Pt FarGiaulaniy didgHdasbnpoithdl s cbremeft tdPay tot A ,§OfeRA,
formula (1). [0144] Wen the above Si-containing filmis subjected to heat
t reat nent, amikt pereifeirebliyr fadmatli @a toe&t, HOGt Por.

[0143]

Thus, an Si-containing film is obtained. This Ffilm
has a 1low dielectric constant, and depending on the
conditions, a film having a dielectric constant of 2.0 or
lower is obtained. Therefore, the film can be used as a
low dielectric constant film. Further, the film preferably

"has a cyclic siloxane structure. The cycli¢ siloxane
structure may be a residual cyclic siloxane structure in
the cyclice siloxane compound represented by the general
formula (1) or may be newly formed by plasma. As a result,
a film having a cyclic siloxane structure is a porous film
having a main pore size of 1 nm or less. Further, pores
are not continucus, a metal does not diffuse in the film,
and the film has high mechanical properties and high heat
conduction. Therefore, the film is a thin film especially
suitable as a low dielectric constant material (Low-k
material) for semiconductor device. That is, it is further
preferable that film formation is conducted under PECVD

conditions so as not to disintegrate the cyclic siloxane
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electron ray treatnent, a porous thin filmor a thin film having inproved
mechani cal strength can be obtained. The Si-containing film having been
subjected to those treatnents in conbination is included in the scope of
the present invention. The thin film obtained by those treatnents is
suitable as a low dielectric constant insulating material. [0145] The
Si-containing filnms according to the present invention are all suitable as
a lowdielectric constant material, and those filnms can be used in a

sem conducl@iufaneCei S t8R 1AaMlid ngs{bkihe! Rpdurit! Bbpribaieehi W are
suitable in the production of "VLSI using a nultilayered Tnterconnects.

0146) O d Les ed by the general fornula 1) of the
[0146) O the GamROUR TR ;vq,. y g (1)

present invention, par he conpound represented by the genera
formul a (Zgb hﬁ]a novel compound. Here, R18, R19, g and h are the sane as
defined ab v%. 64 Preferably, R18 is an al kyl group having from1l to 6

carbon atoms, s an al kyl grgug having from.1 to 6 carbon atoms, g is
3 or 4, and h |5R%g98r %‘eaﬁg’y%e br%‘?’éFﬁbg%‘g m sign SHRIPCHPSuFhavi ng
from1l to 4 carbon atons, and R19 is_an alkyl group having from1l to 4
carbon at oRgat treatment, ultraviolet irradiation treatment or
electron ray treatment, a porous thin film or a thin film
having improved mechanical strength can be obtained. The
Si-containing film having been subjected to those
treatments in combination is included in the scope of the
present invention. The thin film obtained by those
treatments is suitable as a 1low dielectric constant
insulating material.
[0145]

The Si-containing films according to the present
invention are all suitable as a low dielectric constant
material, and those films can be used in a semiconductor
device as an insulting film. In particular, those films
are suitable in the production of ULSI using a multilayered
interconnects.

[0146]

Of the compounds represented by the general formula

(1) of the present invention, particularly the compound

represented by the general formula (20) is a novel compound.

Here, R, R, g and h are the same as defined above.
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[0147] Specific exanples of the conpound represented by the general formula
20) include 2,4,6-triisopropyl-2,4,6- trinmethyoxycyclotrisiloxane,
-triisopropyl-2,4,6-tri- ethyoxycyclotrisil oxane,
-triisopropyl-2,4,6-tri-n- propoxycyclotrisil oxane,
-triisopropyl-2,4,6-triiso- propoxycyclotrisil oxane,
-tris(nmethoxynethyl)-2,4,6- trimethylcyclotrisiloxane,
, 8-tetraki s(met hoxynet hyl )- 2,4,6, 8-tetranethylcyclotetrasil oxane,
-tri sppbifaxunIet )i, 4n 6aiky éPMﬁﬁYHéOiﬁ%kaBf&aﬁeto 6 carbon
,8-tetrakis- (ethoxynethyl)-2,4,6,8-tetranethyl cycl otetrasil oxane,
-trisgi ro y hyl,) - - Lt &L Otet = S | n

Q‘t%@@, ooy Nt hyly 21]?5!123, %&-EG& YA ei6d Orlom S| Q62Ng Sr.aa|| l‘i'ao on_

, 6,8-tetraki s(i soproxynet hyl tetramet hyl cycl otetra

48] Fur ex I i ngl wde 4,6-.tri,s(ethox hyl) -

,B6-tri rré?‘églnlsdy 0 S‘I?ISBSI $%xghe?ag, E 61,88-11 ecgfa% s%rgrét ﬁlc?%la- preferably,
yl)-2,4 6 8-tetra hyl cycl otetrasi |l gxane,, 2,4, 6-tris-

oxyet B -5 438 BEEVL, FEPEDe POVARS: (SPIhe. & 48 6oprbgy atoms, and
raki s(ethoxyethyl)-2, 4,6, 8-tetranethyl cycl otetrasil oxane,

,6-tri sB sdpt Gb:aM ety | IEMR IRinGeRaam cy ot i @ rkpmmtongng
,6,8-te%B?§%?(isopropoxyethyl)-2,4,6,8-tetranethy|- cycl ot etrasi |l oxane.
49]

[ Ne)NerNerNerNeor)NerNerNepl

TNNT D DNTTNNNNNDNDNDNDNDNDT

Specific examples of the compound represented by the
general formula (20) include 2,4,6-triisopropyl-2,4,6-
trimethyoxyceyclotrisiloxane, 2,4,6-triisopropyl-2,4,6-tri-
ethyoxycyclotrisiloxane, 2,4,6-triisopropyl-2,4,6-tri-n-
propoxycyclotrisiloxane, 2,4,6~triisopropyl-2,4,6-triiso-
propoxycyclotrisiloxane, 2,4,6-tris{methoxymethyl)-2,4,6-
trimethylcyclotrisiloxane, 2,4,6,8-tetrakis (methoxymethyl) -
2,4,6,8-tetramethylcyclotetrasiloxane, 2,4,6-tris (ethoxy-
methyl)-2,4,6-trimethylcyclotrisiloxane, 2,4,6,8~tetrakis-
(ethoxymethyl)-2,4,6,8-tetramethylcyclotetrasiloxane,
2,4,6-tris{isopropoxymethyl)-2,4,6-trimethylcyclotri-
siloxane, and 2,4,6,8-tetrakis(isoproxymethyl)-2,4,6,8-
tetramethylcyclotetrasiloxane.

[0148]

Further examples include 2,4,6-tris (methoxyethyl)-
2,4,6-trimethylcyclotrisiloxane, 2,4,6,8-tetrakis(methoxy-
ethyl)-2,4,6,8-tetramethylcyclotetrasiloxane, 2,4,6-tris-

(ethoxyethyl) -2,4,6-trimethylcyclotrisiloxane, 2,4,6,8-
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The Exanpl es are described below, but the invention is not Ilimted by those
Exanples in any way. Film thickness was neasured using an interferonetric
thin film nmeasurenent device, a product of Horiba, Ltd. Dielectric

constant (k val ue) was neasured using a mercury prober, a product of Four

D nmensions Inc., and rigidity and Young's nodulus were neasured using a
nanoi ndentater, a product of Hysitron Inc. Exanple 1 [0150] [ Production
of organic silane conmpound represented by general fornula (10)] 26.7g (2.20

mol ) of metaldrak itAeeexyatdRd )0-253 |6, Beite tofamdtngd dyvRilicaatdh0f il e e
charged in a 1 liter four- necked flask equi pped with a dropping funnel and

a stirring2,de\y-a8 iy dYopHdgRgRtiNeaMs 314 G aRltef 1l A6 t ri&h 1bxanle 00

nol ) of 4-bronopani sol e was added dropwi se to the flask over 5 hours while

stirring. ti Jﬁagyé .ed, . natsur _ %?&H obtain
a tetrahydrgo ur 532?1’%’\6@%%50 uti g‘h’%%"rﬁ@?ﬁo%pﬁgn}l tzurfaﬁr?fe'g,{ ut?r% rorﬁél-'d't[ggL 130 g

(0.952 nol)_of t%quJTQXQEEPoxySiIane and 52.0 m of dried tetrahydrofuran
I'te

wer e charg&yq%?z? our - necked flask equipped with a dropping funnel

and a stirriqg qevice under nitrogen stream and cooled to OC. 1.00 nol of
t he [0149

The Examples are described below, but the invention
is not 1limited by those Examples in any way. Film
thickness was measured using an interferometric thin film
measurement device, a product of Horiba, Ltd. Dielectric
constant (k wvalue) was measured using a mercury prober, a
product of Four Dimensions Inc., and rigidity and Young’s
modulus were measured using a nanoindentater, a product of
Hysitron Inc.

Example 1

[0150]

[Production of organic silane compound represented by
general formula (10)]

26.7g (2.20 mol) of metallic magnesium and 0.53 liter
of dried tetrahydrofuran were charged in a 1 liter four-
necked flask equipped with a dropping funnel and a stirring
device under nitrogen stream, and cooled to 0°C. 187 g
(1.00 mol) of 4-bromoanisole was added dropwise to the
flask over 5 hours while stirring. Reaction was conducted

at room temperature for 3 hours to obtain a tetrahydrofuran
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tetrahydrof uran sol ution of 4-nethoxyphenyl magnesium brom de prepared
above was added dropwi se to the flask over 1 hour while stirring, and
reaction was conducted at room tenperature for 4 hours. After conpletion of
the reaction, a nagnesium net hoxi de resi due by-produced was renoved by
filtration, and a filtrate obtained was distilled under reduced pressure to
obtain 106 g (0.501 nol) of nethyl (4- nethoxyphenyl) dinethoxysi |ane as the
desired product. The vyield was 52.6% [0151]

Met hyl (4- ”%Ul%%e”}éJf)dhfrﬁTe*EBé&%h%B?l' saggheglﬂﬁs baBAl¥eed by, ddt '\%/R
13C-NWVR and GC-M5, and the followng "resul s were obtained. 'H-NNR 0.33

G- O Pn) (8697 "EAg o R (%rzl%"e‘tﬁﬁ%ﬁ‘l%@ R S
13 WAL A 079,08 ool ARA O
GC- M5, Mn=212, gég‘:{éﬂl%l& [Olwﬁ%oduit Ia%%gs%crlrllcnm é)\;(laé\éa 'L?l'(lj round
represente&qﬁ¢p g
nitrogen stream and cooled to 0°C. 1.00 mol of the
tetrahydrofuran solution of 4-methoxyphenyl magnesium
bromide prepared above was added dropwise to the flask over
1 hour while stirring, and reaction was conducted at room
temperature for 4 hours. After completion of the reaction,
a magnesium methoxide residue by-produced was removed by
filtration, and a filtrate obtained was distilled under
reduced pressure to obtain 106 g {(0.501 mol) of methyl(4d-
methoxyphenyl)dimethoxysilane as the desired product. The
vield was 52.6%.
[0151]
Methyl (4-methoxyphenyl)dimethoxysilane isolated was
analyzed by *H-NMR, ?C-NMR and GC-MS, and the following
results were obtained.
'H-NMR; §0.33 ppm (s, 3H, CHs;-Si), 83.55 ppm (s, 6H,
2CH;-0-Si), 63.81 ppm (s, 3H, CH3;-O0-Ph), §6.93
to 6.94 ppm (m, 2H, Ph-H), 87.55 to 7.56 ppm
(m, 2H, Ph-H)

13c_NMR; 64.8 ppm (CHs-Si), 50.7 ppm (CHs-0-Si), 55.2

pem (CH;-O-Ph), 6113.9 ppm (Ph), §125.0 ppm
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21.2 g (100 mmol ) of nethyl (4-nmethoxy- phenyl)di met hoxysilane, 1.80 g (100
nmmol ) of pure water, 9.81 g (100 mmol) of sulfuric acid and 20 m of
tetrahydrofuran were charged in a 100 m Schlenk flask, and reaction was
conducted at roomtenperature for 1 hour under stirring. After conpletion
of the reaction, THE and water were distilled away. An organic |ayer
obtained was dried wth a nol ecul ar sieve, and after distillation under
reduced pressure, 2,4,6-tris(4-nethoxyphenyl)-2,4,6-

trimethylcyclotrisil oxangpyyas %bgﬁi%?%’fs(gme, E\gg%/l:)%gr?ﬁ'g gﬁlqg.ririét . The yield

was 11.3% and the conversion (4- nmet t hoxysi | ane was

33.8% [0153] 2, A-Oi&"i ffinRBt hex l)-2,4,6-trinmethylcyclotri- siloxane
i sol at ed was ana#?zgg’by cﬁgﬁs,%aﬁg‘ %%'follomﬁng results were obtai ned.

GC- MV5; NMF@%@, 4H3006Si 3 Exanple 2 [0154] 68 [Production of cyclic

si | oxane ¢ 33 d represented by the general formula (1)] 0.0141 g (0.0800
nmol ) of pﬁlla i um.chl ori_de ang.20.5_ %xé640 nn%%éngi net hanol wer e charged
ina 50 m L& ion Jof eG¥FHPEd THifxane:icom viRRPIERRERERR o ¥ ng
f unnel

! general formula (1)]

21.2 g (100 mmol) of methyl (4-methoxy-
phenyl)dimethoxysilane, 1.80 g (100 mmol) of pure water,
9.8 g (100 mmol) of sulfurie acid and 20 ml of
tetrahydrofuran were charged in a 100 ml Schlenk flask, and
reaction was conducted at room temperature for 1 hour under
stirring. After completion of the reaction, THF and water
were distilled away. An organic layer obtained was dried
with a molecular sieve, and after distillation under
reduced pressure, 2,4,6-tris{(4-methoxyphenyl)-2,4,6-
trimethyloyclotrisiloxane was obtained as the desired
product. The yield was 11.3%, and the conversion of
methyl (4-methoxyphenyl)dimethoxysilane was 33.8%.

[0153]

2,4,6-Tris{(4-methoxyphenyl)-2,4,6-trimethylcyclotri-
siloxane isolated was analyzed by GC-MS, and the following
results were obtained.

GC-MS; Mw=498, C,4H3006Sis
Example 2

[0154]
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and stirred. 4.81 g (20.0 mml) of 2,4,6,8- tetranethyl cyclotetrasil oxane
was added dropwi se fromthe dropping funnel at roomtenperature over 30
m nutes. After conpletion of the dropw se addition, the resulting mxture
was stirred at roomtenperature for 15 hours. After conpletion of the
reaction, methanol was distilled away, Pd residue was filtered off with a
glass filter, and 2,4,6,8- tetranethyl-2,4,6,
8-tetranet hoxycycl ot etrasil oxane was obtained as the desired product. The

yield by 9%@ro@ﬁkﬁﬂﬁﬁpgﬂﬁQ§M?ﬁﬁ§ di B2ane com¥ound represented the

2,4,6, 8- Tetranethyl et ramet hoxycycl otetra- | oxane |solated was
analyzed bé g%§§§ tge(fgllomnng results were obtalned. [ 0155] GC- M5
Mv=360, Ca ? 4 Exanple [ 0156] [Production of cyclic sil oxane

T LSO REAR s S8ohgh WY Bl Ll Bhabyie Bl ¢
tirred, add (SAhePROEE o Shadedstnol seshs Crhafedd aferm R Rl AT W"
fromthe dropplng f unnel at 80C over 10
sk equipped with a stirring device and a dropping funnel
and stirred. 4.81 g (20.0 mmo1l) of 2,4,6,8-
tetramethylecyclotetrasiloxane was added dropwise from the
dropping funnel at room temperature over 30 minutes. After
completion of the dropwise addition, the resulting mixture
was stirred at room temperature for 15 hours. After
completion of the reaction, methanel was distilled away, Pd
residue was filtered off with a glass filter, and 2,4,6,8~
tetramethyl-2,4,6,8-tetramethoxycyclotetrasiloxane was
obtained as the desired product. The vield by gas
chromatography was 1.5%.
2,4,6,8-Tetramethyl-2,4,6,8-tetramethoxycyclotetra-
siloxane isolated was analyzed by GC-MS, and the following
results were obtained.
[0155]
GC-MS; Mw=360, CgHy;0551,
Example 3
[0156]

[Production of cyclic siloxane compound represented by

general formula (1)]
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m nutes. After conpletion of the dropwi se addition, the resulting mxture
was stirred under reflux conditions for 2 hours. After conpletion of the
reaction, toluene was distilled away, and
2,4,6,8-tetramethyl -2, 4,6,8-tetra- methoxycycl otetrasil oxane was obtai ned as
the desired product. The yield was 4.6% and the conversion of nethyl

tri met hoxysil ane was 13. 8%
2,4,6,8-Tetramet hyl -2, 4, 6, 8-tetranet hoxycycl otetra- siloxane isol ated was
anal yzed by GC- MB3.a2d d heof abbowaolg o€suldthyier erphéthordsilaht7]arfd> M5,
Mv=360, C8H2406Si 4 Exanple 4 [0158] [Production of cyclic sil oxane

conmpound rgpoesantefl Bylughaer@dre adhatded 11h 26.20® hil. B8cARkhkOfflask
i sopropanol and 0.740 g (0.80 nmmol) of

chl orot ri sl pheay Wphas phi Qeubpﬂguweﬁﬂlbew&i &hafgﬁglhgu%u%%lmar&hl enk

flask equi pped with a stirring 70 device and a dropping nnel and stirred.

dropw se 1 FOHTERS arBse) ﬁﬁ%%ﬁ%ﬁf**g%% Y Siipor bt tF e Toush PUBS R
Ater complell ool e dropuse add o016 £S5 1O g U .

minutes. After completion of the dropwise addition, the
resulting mixture was stirred under reflux conditions for 2
hours. After completion of the reaction, toluene was
distilled away, and 2,4,6,8-tetramethyl-2,4,6,8-tetra-
methoxycyclotetrasiloxane was obtained as the desired
product. The vield was 4.6%, and the conversion of methyl
trimethoxysilane was 13.8%.

2,4,6,8-Tetramethyl-2,4,6,8-tetramethoxycyclotetra-
siloxane isolated was analyzed by GC-MS, and the following
results were obtained.
[0157]

GC-MS; Mw=360, CgH;4085i,
Example 4
[0158]
[Production of c¢yclic siloxane compound represented by
general formula (1)]

96.2 g (1.6 mol) of isopropanol and 0.740 g (0.80
mmol) of chlorotris(triphenylphosphine)rhodium (I) were

charged in a 200 ml Schlenk flask equipped with a stirring
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conditions for 4 hours. After conpletion of the reaction, isopropanol was
distilled away, and 2,4, 6, 8-tetranet hyl -

2,4,6,8-tetri sopropoxycycl otetrasil oxane was obtained as the desired
product. The yield was 54.9% [0159]
2,4,6,8-Tetramet hyl -2, 4, 6, 8-tetrai sopropoxycycl o- tetrasil oxane isol ated was
anal yzed by GC-Ms, and the followi.ng results were obtained. GC-M5;, Mnv=472,
Cl6H408Si 4 Exanple 5 [0160] [Production of cyclic siloxane conpound

represent ediely cegenied ab fd¥dppind 1¥hind810 ahd Os2ifr8ml) ofstolgengp ad 2.4 ¢
of 0.0IN sulfuric acid aqueous solution were charged in a 200 m  Schl enk

flask equi pReq Woeh 2 9t g, H-1%tda%thA oeért&mﬂwaw@elwa@d adddd ed.
20.0 g (0.133 nol) of nethyl (et hoxyme hyI) di met hoxysi | ane was added

d 71
oo, R S0P WS, FOB TR B

stirred at roon1t era e _far urs. Af Ietlon f_ .t he reaction,
t ol uene sodlspﬁ 24 a &er ﬁample ion o% %% d¥ g%lse addit ion, éae
2,4,6,8-tetraki.s(nmet hoxynet hyl ) -2, 4, gtr t hyl cycl o- tetraS|I xane was
obt ai ned a<SEHd i r B PB&UC asTh%tlrre under” 1sopropanol lux

conditions for 4 hours. After completion of the reaction,
isopropanol was distilled away, and 2,4,6,8-tetramethyl-
2,4,6,8-tetrisopropoxycyclotetrasiloxane was obtained as
the desired product. The yield was 54.9%.

[0159]

2,4,6,8-Tetramethyl-2,4,6,8-tetraisopropoxycyclo-
tetrasiloxane isolated was analyzed by GC-MS, and the
following results were obtained.

GC-MS; Mw=472, C36H4p00s814
Example 5
[0160]

[Production of c¢yeclic siloxane compound represented by
general formula (1)]

20.0 g (0.217 mol) of toluene and 2.4 g of 0.01N
sulfuric acid aqueous solution were charged in a 200 ml
Schlenk flask equipped with a stirring device and a
dropping funnel and stirred. 20.0 g (0.133 mol) of
methyl (methoxymethyl)dimethoxysilane was added dropwise

from the dropping funnel at room temperature over 5 minutes.

71



yield was 15.3% and the conversion of nethyl- (nethoxynethyl)

di nmet hoxysi | ane was 61.2% [0161]
2,4,6,8-Tetraki s(nmet hoxynmet hyl)-2, 4,6, 8-tetranet hyl - cycl otetrasil oxane

i sol ated was anal yzed by 1H NVR, 13C-NVR and GC-Ms, and the foll ow ng
results were obtained. 1HNWR 80.17 to 0.19 ppm(m 12H, 4CH3-Si) 83.04 to
3.07 ppm(m 8H, 4CH3-O-CHZSi) 63.34 to 3.36 ppm(m 12H, 4CH3- O CHZSI)
13CG-NVWR; 6-2.2 ppm (CH3-Si) 662.9 ppm (CH3-O CHZSi) 865.8 ppm (CH3- O CHZSI)
GC- VB, M=426erCldmAi@Sidh ExaMite 6arb@i63l LRBERR Ieméorr@%umﬂgsl ng

cyclic siloxane conmpound represented by general formil a (1)

2,4 6T shdsHBEBORUBNGM kel 4e0 robh MBI ifor i) gmnﬁs aldesi zed in

Exanple 1 was filmformed on a 72 silicon substrate using the capaC|t|ver

coupl ed PEQMleSﬂEbB”@@I tﬁgowgac%f'l.ohg tgag.u-lég% ualsmdlgr ggtle%n Qﬂ% ' t | nd'S

were that an on gas as an in suppli sccm Vaporlzed

2,4,6-tris 0. ) - hyl gycl L i | oxane .was .conti nued
to supply ué ﬁatégg Skis (me’thoxymethg% ﬁ,(l‘l,%,% te?: %ﬂylcycl

tetrasiloxane was obtained as the desired product. The
yield was 15.3%, and the conversion of methyl-
(methoxymethyl)dimethoxysilane was 61.2%.
[0161]
2,4,6,8-Tetrakis (methoxymethyl)-2,4,6,8-tetramethyl-
cyclotetrasiloxane isolated was analyzed by 'H-NMR, °C-NMR
and GC-MS, and the following results were obtained.
'H-NMR; 60.17 to 0.19 ppm (m, 12H, 4CH;-S8i)
53.04 to 3.07 ppm (m, 8H, 4CH:-O-CH.Si)
03.34 to 3.36 ppm (m, 12H, 4CH3-O-CH,Si)
3C-NMR; §-2.2 ppm (CH3-Si)
962.9 ppm (CH3-O-CH,Si)
065.8 ppm (CH3;-O-CH,Si)
GC-MS; Mw=416, C;.H3,058i,
Example 6
[0162]
[PECVD film formation wusing c¢yclic siloxane compound
represented by general formula (1)]
2,4,6-Tris (4-methoxyphenyl)-2,4,6~-trimethylcyclotri-

siloxane synthesized in Example 1 was film-formed on a
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a chanber inner pressure is 10 Pa, and a filmis formed wunder the
conditions that a substrate tenperature is 150C, RF power source power is
30W and RF power source frequency is 13.56 MHz. As a result, a film
formation rate was 4.3 nnminmin, and dielectric constant (k value) was a
value of 2.7. Mechanical properties were that rigidity is 1.3 GPa and
Young's nodulus is 13.9 GPa. Exanple 7 [0163] [PECVD filmformation using
cyclic siloxane conpound represented by general forrmula (1)] PECVD thin

filmwas ohligiipegh i Bublerage® ABIAST @fei Mo vefy GEH d adgcyp
2,4,6,8-tetﬁaﬁéthyl-2,4,E,B-tetra-snetﬁ%xyéiclotetra§¥loxa e %ynthesized I n

Exanmpl e 3 , i .2 A4 6-1Ides( 4 h - hyl -
anpl e ég,gn_%%ks'éwbrmf? ?fﬂ 16- U 4 IR %mg%gwlg@%nﬁféangm; hy

cyclotrisil a resu asfil'mformatTon rate wa

di el ectric_caonstant, (k_value) was a value. of 2. 6. NbchaniceL roperties
wer e t hat Hﬁﬁ%ﬂﬁkﬁ?saﬂ.éggo §3h PV otRgLBSREddAf%k 18 $EPP ﬁﬁ&.a%3 anmpl e
8 [0164] [PECVD filmforpmation using cyclic siloxane conpound represented
by general S ™ul a (iYTp?ﬁiﬁfpthirl1%ﬁiﬂé%%?%ﬁﬁ%ﬁqﬁﬁTQ¥¥Hhﬁ?¥%%ﬁ?fﬁbﬁﬁér as
in

trimethyleyclotrisiloxane was continued to supply such that
a chamber inner pressure is 10 Pa, and a film is formed
under the conditions that a substrate temperature is 150°C,
RF power source power is 30W, and RF power source frequency
is 13.56 MHz. As a result, a film formation rate was 4.3
nm/min, and dielectric constant (k wvalue) was a value of
2.7. Mechanical properties were that rigidity is 1.3 GPa
and Young’s modulus is 13.9 GPa.

Example 7

[0163]

[PECVD film formation using c¢cyclic siloxane compound
represented by general formula (1)]

PECVD thin film was obtained in the same manner as in
Example 6, except that 2,4,6,8-tetramethyl-2,4,6,8-tetra-
methoxycyclotetrasiloxane synthesized in Example 3 was used
in place of 2,4,6-tris(4-methoxyphenyl)-2,4,6-trimethyl-
cyclotrisiloxane. As a result, a film formation rate was
12.8 nm/min, and dielectric constant (k value) was a value
of 2.6. Mechanical properties were that rigidity is 1.36

GPa and Young’s modulus is 15.2 GPa.
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Exanpl e 6, except that 2,4,6,8-tetranmethyl-2,4,6,8-tetra-

| sopropoxycycl ot etrasil oxane synthesi zed in Exanple 4 was wused in place of
2,4,6-tris(4-methoxyphenyl)-2,4,6- trinethylcyclotrisiloxane. As a result, a
filmformation rate was 11.2 run/mn, and dielectric constant (k val ue) was
a value of 2.4. Mechanical properties were that rigidity is 1.1 GPa and
Young's nodulus is 17.1 GPa. Exanple 9 [0165] [PECVD filmformation using
cyclic siloxane conpound represented by general forrmula (1)] PECVD thin
filmwas oliainisikk i) the sane manner as in Exanple 6, except that 2,4,6,
8-tetraki s(nmet hoxynmethyl)- 2,4,6, 8-tetranethylcyclotetrasil oxane

synt hesi zed greg JExanpl e 5 was used in place of 2,4,6-tris(4- nethoxyphenyl)
2,4,6-trinethylcyclotrisiloxane. As a result, a film fornatlon rate was 6.8

nm mn, and ct Cog K ) val %m cal
propertles V\I/‘eﬁrcg)ﬁtaha{ift?l gl(éjli.l??&llé 1. ggé@g an \l(%t?ng éich{ uI us |"§sﬁg

74 Conpar aty] \@m égyei %@@f{] ﬁgf]ltlmwas obtalned in the ;ame
manner as in anpl e cept th 6 et ramet hyl cycl otetra- sil oxane
was used in pl aCPPE(?LIVDZ t%l% tf.rJ.IlS %warrsmoqootglnec{]ylrk the same manner as in
Example 6, except that 2,4,6,8-tetramethyl-2,4,6,8-tetra-
isopropoxycyclotetrasiloxane synthesized in Example 4 was
used in place of 2,4,6-tris{4-methoxyphenyl)-2,4,6-
trimethylcyclotrisiloxane. As a result, a film formation
rate was 11.2 nm/min, and dielectric constant (k value) was
a value of 2.4. Mechanical properties were that rigidity
is 1.1 GPa and Young’s modulus is 17.1 GPa.
Example S
[0165]
[PECVD film formation wusing c¢yclic siloxane compound
represented by general formula (1))
PECVD thin film was obtained in the same manner as in
Example 6, except that 2,4,6,8-tetrakis (methoxymethyl)-
2,4,6,8-tetramethylcyclotetrasiloxane | synthesized in
Example S5 was used in place of 2,4,6-tris{(4-methoxyphenyl) -
2,4,6-trimethylcyclotrisiloxane. As a result, a film
formation rate was 6.8 nm/min, and dielectric constant (k
value) was a value of 1.8. Mechanical properties were that

rigidity is 1.6 GPa and Young’s modulus is 22.1 GPa.
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2,4,6-trinmethylcyclotrisiloxane. As a result, a film fornmation rate was
10.4 nmimn, and dielectric constant (k value) was a value of 2.9.
Mechani cal properties were that rigidity is 1.1 GPa and Young's nodul us is
10.7 GPa. [0167] Wiile the invention has been described in detail and wth
reference to specific enbodinments thereof, it will be apparent to one
skilled in the art that various changes and nodifications can be nmade
therein without departing from the spirit and scope thereof. This

applicatiocom?abaigdepmx@@@g@eae Patent Application (Patent Application No.
2005- 023256) ftiled January 31, 2005 and Japanese Patent Application (Patent
Applicationohlge)2005-349432) filed Decenmber 2, 2005, the entire contents
t her eof belng hereby i ncor porated by reference. Industrial Applicability

[0168] The pr es.ePE:CVBV‘EﬂEhorrt*ﬁ.yﬁinw%r 0\65:9.‘3] "ﬁfeﬁmi%l tlmt esr&}r% m: findf ad M ng

_SI -cont _al ni n_g fi especl a a materia rrc cons ant
cqui prent - EARIORG, (hr | GRSORE o et G A e and a
Sen1Conducggaoggyéx%égwﬁggglng p?ggg L%l ,4,6-tris(4-methoxyphenyl) -
2,4,6-trimethylcyclotrisiloxane. As a result, a film
formation rate was 10.4 nm/min, and dielectric constant (k
value) was a value of 2.9. Mechanical properties were that
rigidity is 1.1 GPa and Young’s modulus is 10.7 GPa.
[0167]

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from
the spirit and scope thereof.

This application 1is Dbased on Japanese Patent
Application (Patent Application No. 2005-023256) filed
January 31, 2005 and Japanese Patent Application (Patent
Application No. 2005-349432) filed December 2, 2005, the
entire contents thereof being hereby incorporated by
reference.

Industrial Applicability

[01l68]

The present invention can provide a novel material
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76 CLAIMS [1] A material for formng Si-containing film characterized by
containing a cyclic siloxane conpound represented by the foll ow ng general
formula (1) [Chem 1] ( Il 1\ An /R 2-n Si x 0 (1) (In the formula, A
represents a group containing at |east one selected fromthe group

consi sting of an oxygen atom a boron atomand a nitrogen atom and Rl
represents a hydrogen atom or a hydrocarbon group. nis 1 or 2, and x is
an integer of from2 to 10.). [2] The material for form ng Si-containing
filmas ckgemedrindng! ea%éntﬁfiﬁ&aﬁt ¢in#60ekPalial 14 BNme Gl ifor i | Oxane
conmpound represented by the general formula (1) is “an al koxy group, a

si | anoxy 9fLBdei@ﬂeéH:E%y%)%.t%@.uEﬂ{xghla%@na' lf@?iﬁlalg@‘nltagﬁﬁ!ﬁ% d Yy
material for formng Si-containing filmas “clained in claimi,

char act ot | 899 ohanb M Aorfid ViRl o5 HORPD°GOIBRUAY, " SR TRHNGLPY e

gener al formufa

provide an Si-containing film wusing the same and a

semiconductor device containing those films.
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an al kyl am no group, a dial kyl am no group, an arylamno group or a
diarylam no group. [4] The material for formng Si-containing film as
claimed in claiml, characterized in that Ain the cyclic siloxane conmpound
represented by the general fornmula (1) is an al kylboron group or an

al koxyboron group. [5] The material for formng Si-containing film as
claimed in any one of clains 1 to 4, characterized in that n in the cyclic
si | oxane compound represented by the general fornmula (1) is 1, and RL is an
al kyl group having from1l to 6 carboprLatess. [6] The material for formng
Si-containing filmas clained in any one of clains 1 to 5, characterized in
that x inrthe cycli gmatdr@ane cRIPOUNEoFRPRGSENEEd bW thRgingenerdl f or nul a
(1) isfrom3 to 4. [7] The material for formng Si-containing filmas
claimed in f aj . charact gr it t | ar
wei ght of tcﬁ%x‘g%%@z?ﬁ o% neégg%gﬂ%\ﬁa r%prﬁ%ﬁf‘gd %yl%n%enr&& or mul a
(1) is les , [ .erjal faor.formng_Si-.containing filmas
clained i nig g%%ﬁ%lto ayait?r%" F&ﬁ&@{l@xg’hgﬁg&%@ﬁ %;o Iuﬁ.a[ h(a]t an amount of
inmpurities %%%%{ gﬁan silicon, carbon, oxygen, hydrogen, nitrogen and boron
is |less thd ‘ppd, and a water content is |less than 50 ppm 78

(A, (),

Si—O0

(1)

(In the formula, A represents a group containing at least
one selected from the group consisting of an oxygen atom, a
boron atom and a nitrogen atom, and R' represents a
hydrogen atoem or a hydrocarbon group. n is 1 or 2, and x
is an integer of from 2 to 10.).

[2] The material for forming Si-containing film as
claimed in claim 1, characterized in that A in the cyclic
siloxane compound represented by the general formula (1) is
an alkoxy group, a silanoxy group, an alkoxyaryl group or
an alkoxyalkyl group.

[3] The material for forming Si-containing film as
claimed in claim 1, characterized in that A in the cyclic

siloxane compound represented by the general formula (1) is
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[9] A production nmethod of an Si-containing film characterized by using
the material for formng Si- containing filmas clainmed in any one of clains
1to8 as a raw material. [10] The production nmethod as clainmed in claim9,
characterized in that filmformation is conducted by a chem cal vapor
deposition. [11] The production nethod as clainmed in claim 10,

characterized in that the chem cal vapor deposition is a plasnma enhanced
chem cal vapor deposition. [12] An Si-containing film characterized by

bei ng obtameglgy}amner%&mppamméﬁaﬂe& c%dﬁ,ané{nor%ﬂamﬂ@im 9

to 11. [13] The containing filmas clainmed in claim12, characterized by

cont ai ni ng | I ds %FEH{ in the cyclic siloxane conpound
representeéﬁﬁéﬁfﬁgpégﬁg?a orﬁﬂﬁ%“%%y. [ 14] A production nmethod of an

S LConta o {1l SIALASLSY | %8Sk DICSURLEET) 89 LU Sirany o gl (4

Char act o | 0F Bt hgt L8P a noBVRF AHE AR oFPRet RoRact e LEYELE 1

claim14. [16] A sem conductor device, characterized by using the 79
siloxane compound represented by the general formula (1) is
an alkylboron group or an alkoxyboron group.
[5] The material for forming Si-containing film as
claimed in any one of claims 1 to 4, characterized in that
n in the cyclic siloxane compound represented by the
general formula (1) is 1, and R' is an alkyl group having
from 1 to 6 carbon atoms.
[6] The material for forming Si-containing film as
claimed in any one of c¢laims 1 to 5, characterized in that
x in the cyclic siloxane compound represented by the
general formula (1) is from 3 to 4.
{71 The material for forming 8i-containing film as
claimed in any one of claims 1 to 6, characterized in that
the molecular weight of the c¢yclic siloxane compound
represented by the general formula (1) is less than 1,000,
[8] The material for forming Si-containing film as
claimed in any one of c¢laims 1 to 7, characterized in that
an amount of impurities other than silicon, carbon, oxygen,

hydrogen, nitrogen and boron is less than 10 ppb, and a

water content is less than 50 ppm.
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filmas claimed in claim 12, 13 or 15 as an insulating film [17] A cyclic
si | oxane conpound, characterized by being represented by the foll ow ng
general formula (20) [Chem 2] R18 (R19 Si -OB (20) (In the fornula, R18
represents a hydrocarbon group, and R19 represents a hydrogen atomor a
hydr ocarbon group. g is an integer of from2 to 10, and h is an integer of
fromlto 3.). [18] The cyclic siloxane conpound as clainmed in claim17,
characterized in that the conpound represented by the general formula (20)
i's 2,4, 6-triglsoprop\prétuiction r i methedycyd otamsi B@%aBftaining film,
2,4,6-triisopropyl-2,4,6-tri- ethoxycyclotrisil oxane,

trii SopeRter Zbd- tHy - Nus DRPPOKNEY ChQtERSRLOX¥B® forming Si-
riisopropyl-2,4,6-triiso- propoxycyclotrisiloxane,

ri s (@i r?.").‘n.lil)m et ?afrr[éd’@@ﬂréy%r@ rdidy CQCS] L raoSI as a

t
t
,8-tetrakis(nme oxynethy tramet hyl c oxane,
t
8-

rls( QE ?gﬁ%jnethyl) 2,4, 6- tr|nethylcyclotr|5|loxane
tetrakis-

2,4, 6-
2,4, 6-
2,4, 6-
2,4,6
2,4, 6-
2,4,6

oxynethyl) 2,4,6,8-tetranet hyl cycl ot etrasi | oxane,

[10] The production method as c¢laimed in c¢laim 9,
characterized in that film formation is conducted by a
chemical vapor deposition.

[11] The production method as claimed in c¢laim 10,
characterized in that the chemical vapor deposition is a
plasma enhanced chemical vapor deposition.

[12] An Si-~containing film, characterized by Dbeing
obtained by the production method as claimed in any one of
claims 9 to 11.

[13] The Si-containing film as claimed in claim 12,
characterized by containing a cyclic siloxane structure in
the cycliec siloxane compound represented by the general
formula (1).

[14] A production methed of an Si-containing film,
characterized by subjecting the Si-containing film as
claimed in ¢laim 12 or 13 to heat treatment, ultraviolet
irradiation treatment or electron ray treatment.

[15] An Si-containing £film, characterized by Dbeing
cbtained by the production method as claimed in claim 14,

[16] A semiconductor device, characterized by using the
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2,4,6-tris(isopropoxynethyl)-2,4,6-trinethylcyclotri- siloxane,
2,4,6,8-tetrakis(isopropoxynethyl)-2,4,6,8- tetranethylcyclotetrasil oxane,
2,4,6-tris(methoxyethyl)- 2,4,6-trimethylcyclotrisil oxane,
2,4,6,8-tetraki s(nmet hoxy- ethyl)-2,4,6,8-tetranet hyl cycl otetrasil oxane,
2,4,6-tris- (ethoxyethyl)-2,4,6-trimethylcyclotrisiloxane, 2,4,86, 8-
tetraki s(et hoxyethyl)-2,4,6,8-tetranet hyl cycl otetrasil oxane,
2,4,6-tris(isopropoxyethyl)-2,4,6-trimethylcyclotrisiloxane or

2,4, 6, 8-t etfridi sd spriopeX et [wlladin?, 18 6,18 toat i@ dnr inslldeinqsfixane.
81

[17] A cyclic siloxane compound, characterized by being
represented by the following general formula (20)

{Chem. 2]

18
R\
0

(20)

(In the formula, R'® represents a hydrocarbon group, and R’
repraesents a hydrogen atom or a hydrocarbon group. g is an
integer of from 2 to 10, and h is an integer of from 1 to
3.).

[18] The cyclic siloxane compound as claimed in claim 17,
characterized in that the compound represented by the
general formula (20) is 2,4,6-triisopropyl-2,4,6-
trimethoxycyclotrisiloxane, 2,4,6-triisopropyl-2,4,6-tri-
ethoxycyclotrisiloxane, 2,4,6-triisopropyl-2,4,6-tri-n-
propoxycyclotrisiloxane, 2,4,6-triisopropyl-2,4,6-triiso-
propoxycyclotrisiloxane, 2,4,6-tris (methoxymethyl)-2,4,6-
trimethylcyclotrisiloxane, 2,4,6,8-tetrakis(methoxymethyl)-

2,4,6,8-tetramethylcyclotetrasiloxane, 2,4,6-tris (ethoxy-
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methyl)-2,4,6-trimethylcyclotrisiloxane, 2,4,6,8-tetrakis-
(ethoxymethyl)-2,4,6,8-tetramethylcyclotetrasiloxane,

2,4,6-tris(isopropoxymethyl)-2,4,6-trimethylcyclotri-

siloxane, 2,4,6,8-tetrakis(isopropoxymethyl)-2,4,6,8-
tetramethylcyclotetrasiloxane, 2,4,6-tris (methoxyethyl) -
2,4,6~-trimethylcyclotrisiloxane, 2,4,6,8-tetrakis{methoxy-
ethyl)-2,4,6,8-tetramethylcyclotetrasiloxane, 2,4,6-tris-
{ethoxyethyl)-2,4,6~trimethylcyclotrisiloxane, 2,4,6,8~
tetrakis (ethoxyethyl)-2,4,6,8-tetramethylcyclotetrasiloxane,
2,4,6-tris{isopropoxyethyl)-2,4,6-trimethylcyclotrisiloxane
or 2,4,6,8-tetrakis(isopropoxyethyl)-2,4,6,8-tetramethyl-

cyclotetrasiloxane.
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