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-containj nﬁ filmcontaining a cyclic siloxane
conmpound for plasma pol yneri zati orP 1REIQRe. Background Art [0002] In
production technology in the field of integrated _circuit _in an electronic
i ndust ri e€Ydamandiaxanigh comrayidt | ¢h drteperd- ubeFs FAERPERSI nB1-Wth
respect to silicon ULSI, especially logic ULSI, rather than performance by
m ni at ur i zemtEigdVABRET, Frel fiotsrare®e of  wiring connecting those has been
probl ematic. Nanmely, reduction in wiring resistance and reduction in
capaci t ancictitiiosdeFidId ngs and in interlayer capacitance are required in
order to solve the problemin wiring delay due to nultilayer interconnects.
1 [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 interlayer
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 logie ULSI, rather than
performance by miniaturization of MOSFET, performance of
wiring connecting those has been problematic. Namely,
reduction 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
| ow di el edPPPE]
the inorganic s
phosphosilicate

used practically. [0004] There are various proposals as a
constant interlayer insulating filmmaterial. Heretofore as

thenl silicon dioxide (SiQ2), silicon nitride and a

cesdingd¥, ba@dn PEedenhnd iasteassk of gahumisys ¢RI vi ni de

has been used. However, recently, with a purpose of obtaining a nore
honbgenousisednt Eokay’ehei mxstat ipegt i o) ther eiar elnteymopdsatimfuit,
previously hydrolyzing, that is, polycondensing, a tetraethoxysilane
mononer t aneodiurtdicn?, cndcuppel awifingoahatingutl£rikdbwenl |etedtwig@ani c
Spin on dass (inorganic S0OG, and the proposal of using a polysiloxane

obt ai ned BygiRRLKRNASAST Ml ARIAEANEEsaLkaRKE | fPe JHNEIA] asaaa Prganic
SOG [0005] Further, as a nmethod of form ng the insulating fi'l m

process of conducting copper plating after seed formation

by sputtering or chemical vapor 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 (Si0,), 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 is, polycondensing, a

tetracethoxysilane monomer to obtain 8i0,, and using as a

coating material called inorganic Spin on Glass (inorganic

S0G) ,

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
from tri nethstei 2an@aethadfodkpyengbwohmepBods -nefhodppradadarivanmebboghent 2
proposes a nethod of form ng an al kylsilane oxide thin filmfrom an

al koxysi | anf havioating tmatlghd - cfiacnatlikgl ssucinsslakihg| filet polymed

n- propyl, an al kynyl such as vinyl, phenyl, and an aryl group by the PECVD

net hod. Theskutien! AitR0af sbiE cbatnBe whehiike eonyeaw andiirEC¥hAdret hod
material s have good adhesion to a barrier nmetal and a copper wring

material Wagh heriRodd rbag rﬂﬁrﬂé{)alplm eFHILMLEL IS e L£agARSMAL

uniformty of a fil mbecones problémand film™ formation rate and dielectric

COMStant g QST Sikcan | WL "L E, By BRO by Bl PEQR kI ! 1
tetranethy%ggglgtg££%§ionane, and Patent Docunent 4 3
[0006]
As the proposal of the PECVD method, for example,
Patent Document 1 proposes a method of forming a
trimethylsilane oxide thin film from trimethylsilane 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
3 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 et rasi | oxane, octaal kyl cycl otetrasil oxane or

oct aam nocycl ot etrasi | oxane. Those nethods 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 fi IPFPRCFRF méd %?tbﬁévﬁﬁhsPﬁbnghdg%tr§%%§¥%FﬁF%Btﬁ§EPFélgFPB§anes a
thin filmbhaving dielectric constant of Iess than 2.7 is not obtained. This
is consi derepamineeveketetragtloxane uctoptasikylsyvelerperasiloxane
conpound is easily disintegrated in plasma to form a chain structure, and

t hus does oot ocdrEmingcydle bedirasd loxemeus t Ahwsk | metheds8)irfienichete Pat ent
Docunment 5 proposes a six-nmenbered cyclic siloxane such as

hexanmet hyl Dywdot dislboxabe aathstant by using a cyclic siloxane as a
1,3,5-trinmethyl-1,3,5-trivinylcyclotrisiloxane, and Patent Docunent 6

proposes Pk OoRtyFRal Z8ompBLAACRE0EREORIMRRC-1 P UbSEhI Nt £d14i Ebkpxane
conmpound and 1, 3,5, 7-tetramethyl - 1,3,5, tetraV|nylcyclotetra3|loxane as an

ei ght - mengy £l ‘Erbé‘i'n't%l%l'n%a{@s “S’?ﬂ%’fll pé@éﬁ@tﬁﬁad' itr] OBneHOUAVET £ilm o c

according to the present entor |In1 haV|ng

constant QE Ie%§ tha%owevér% n%%c%%h%hgedto4 the present inventors’

finding, when a film is formed by PECVD using those
substituted cyclic siloxanes, a thin film having dielectric
constant of less than 2.7 is not obtained. This 1is
considered due to that a cyclic structure of its cyeclic
siloxane compound is easily disintegrated in plasma to form
a chain structure, and thus does not contribute to make a
porous thin f£ilm.
[0008]
Further, Patent Document 5 proposes a six-membered
") cyclic siloxane such as hexamethylgyclotrisiloxane and
1,3,5-trimethyl-1,3,5-trivinylcyclotrisiloxane, 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

di el ectric constant by feeding triethoxysilane, diethoxynethylsilane and
a-terpinene as a rogene. i n _PECVD equi pnent .chanber,. form PECVD.fil m
and anneal ¥|g %t "f%@ﬁge %tu g15P 456%1"(]”9 h?"éﬂg?rt ome51§}5 Ffs?gg};{l BTT% nent
derived froma-terpjnene in a thin film_ thereby making the thin film
porous. THYFLE 11RO BETREFRY BY FR98Fing diel ectric constant by
supplying cyclo-1,3,5,7-tetrasilyl ene-2, 6-di oxy-4, 8- dinethyl ene, vinylfuryl
ether as pt?¥Yehe, and nitrous oxide as an oxidizing agent in PECVD

equi pnment chanber, formng PECVD film annealing at a tenperature of 400C
or higher, and Retport zDpguseotnpbnend deatemtd Dogmmenty| Burpdopasteher in a
thin film thereby making the thin filmporous. Those nethods can expect to

| oner di el £51rii Foemattion mythedr off of Malbwondisbeeteic tduhamonehinderived
from porogene is renoved fromthe inside of the thin filmonce forned,

into the o B deyt BEEEOf m&¥YhedPasSingl 8apARBenehetREOF8rmbbRep@oph8ekhe
problens that matrix of the thin 5

a method of lowering dielectric constant by feeding
triethoxysilane, diethoxymethylsilane and o-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 do-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, wvinylfuryl 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 i@ chonfitatriearabadanfa RO HAPTON nkher itRsider g% hehe t here
are many cases that adhesion to a barrier netal and a copper wring

mat eri al &1 wosiceqesat beitgrogeasysuni mechradgrilngssrengebat ughl iagid to a
mniaturized substrate structure becone the problem [0011] Further, in the
coati ng tyEerdrdsey | @and a Ywetdwd mddulws mdster poratss patporas | foxmekdr to
formUtra Lowk material having dielectric constant of 2.5 or |ower, and

further 2Hadumd Oselcdntipuifs efped N@ydrall eaRd etifdhsdfon f OF Mangm@PeiBs by
di spersing organic conponent fine particles which are easily thermally

deconposetondbriantMBldtc PIf A T HAE HetdOFgaNi ¢ material, and heat
treating; a nmethod of formng SiQ2 ultrafine particle thin filmby

evaporatir¥bd§df con and oxygen in a gas to deposit 6

On the other hand, as the proposal of coating type,
although uniformity of a film is good, three steps of
o 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 8i0, 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
(CWMP) 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
sati sfyi nPidlzl wktxfelnegbrrédedes oformedy dpdcectre c lddfst antlOWeHEFi ci ent
mechani cal strength, adhesion to a barrier netal, prevention of copper

di f f usi on,thqaeasnroxnehi fpumigicst amethodsi stane reffechnve arkp t hdoWeke., As
a nethod of satisfying those requirenents with good balance in a certain
degree, a dinlesctatics ponposet, whbtlt hdsetent ewaedi atthepr opesds esthatween an
organi ¢ polynmer and an inorganic polymer by increasing carbon proportion of

organi ¢ sSuRsdHdniaddls t propeay | Méte Pl @Pdtss Si | DRemimiler i Bechhal cexanpl e,
Pat ent Docunent 9 proposes a nethod of obtaining an interlayer insulating

filmhavi ng,) el et ricegonshabhell @i Ardbul €55 Ul NGak50akl88rpeidhi ON
obt ai ned by hydrolytically polycondensing a silicon conpound having an

adamantyl oroup Jfkdbe: PRSERad o ELALECRINCOUSRRRYT AR BYxingol - 0C!

met hod, w

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,
plasma 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 polymer and

') an inorganic 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 Thaving
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, 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 Docunent 2:

JP-A-11-288931 Patent Docunent 3: Japanese Patent No. 2067801 Patent

Docunment 4: JP-A-5-279856 Patent Docunent 5: WD 03/019645 panphl et Patent

Docunment 6: _JP- A-2004-47873 _Patent Docunment 7: JP-A:2005-19980 Patent

Docurent  8:EPNG0BPre§so2dioetasn BotanBiRttarialp. 18 2802 type

Di scl osure of the Invention Problems that the Invention is to Solve [0014]

The presentmafeeinl onangds $felekl nhae ithei problemheof abbee forlabl épsmiagd its

object is to provide a material for formng novel Si-containing film

especi al | y metthd@rbynla contingi tgpe aycdescsibedaabkovenpound suitable to a

PECVD equi pnent for |ow dielectric constant insulating film and to

provi de an Bgr®ptaining filmusing the sane, and a sem conductor device

containing those filns. Means for Solving the Problens 8
Patent Document 1: JP-A-2002-110670
Patent Document 2: JP-A-11-288931
Patent Document 3: Japanese Patent No. 2067801
Patent Document 4: JpP-A-5-279856
Patent Document 5: WO 03/019645 pamphlet
Patent Document 6: JP-A-2004-47873
Patent Document 7: JP-A-2005-19980
Patent Document 8: JP-A-2001-298023
Patent Document 9: JP-A-2000-3027921

Disclosure of the Invention

Problems that the Invention is to Solve

[0014]

a) The present invention has been made in wview 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 film, and
to provide an Si-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: g% ining film characterized by containing a cyclic siloxane
conmpound rE%? Ented by the following general fornula (1) [0017] [Chem 1]
(it An~R) 2-n S -0X, 3 (1 (In the fornula, A represents a group
containing at | €38 RFRSRE octRER Qﬁﬁtlﬁ¥”6?0u5096ﬁ5|§bﬁﬁg 8f S¥<S*Fgen
atom a boron atomand a nitrogen atom and Rl represents a hydrogen atom
or a hydr csbkoeangreaproundshavapng2a awpstituenih ¢ontaining aréﬁtErPo 10.).
9

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]

(%, 1),

—0

(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 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

producti on HB%E d of an Si-containing film characterized by subjecting the
above- desér ed Si-containing filmto heat treatnent, ultraviolet

i rradiation treaénegﬂ or ele%tron ra treatnent..Further,.dthe pr esent
i nvention resi de¥UFRRGR" Si - EoRt aHSRENS | Nt PVERES er FERUB betthg &bt ai ned
by the above-described production nethod. Further, the present invention
resi des i Rredyefieondirthnd defi @8, Himgontaining B lhsi ragaeterized
above-described Si-containing filmas an insulating film [0019] Further,
t he presenbyi nuehtgonthesi desvendescyithed matexrimb cHepouirrmiskar &teri zed
by being represented by the follow ng general forrmula (20) [0020] [Chem
2] 10 R18 @ontaining 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-
deécribed Si~containing film to heat treatment, ultraviolet
irradiation treatment or electron ray treatment. Further,
the presént 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 Si-containing film as an insulating film.
') [0019]
Further, the present invention resides in a cyclic
siloxane compound, characterized by being represented by
the following general formula (20)
[0020]

[Chem. 2]

10



(H2C R19 Si

and R19

| nventi on

[ 0021] According to the present invention, the follow ng

remarkabl e effects are exhibited. That is, as a first advantage of the

present invention, a material having a low dielectric constant and high
provided as a |low dielectric constant nateri al
inan interlayeyginsulating filmof a sem conductor device, by using the

mechani cal stR'&ngth can be

mat eri al

fo

cyclic silogan onpound represented by the general formula (1) as a

produce a c

L

Si—O0

(20)

(In the formula, R represents a hydrocarbon group, and R'®
represents a hydrogen atom or a hydrocarben 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 is, 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 cyclic 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

- 0(20) (Inthe fornula, R18 represents a hydrocarbon group,
represents a hydrogen atom or a hydrocarbon group. g is an
of from2 to 10, and h is an integer of froml to 3.). Advantage of the

i nt eger

HEG ming Si-containing film Further, the present invention can
cli si | oxane conpound represented by the general forrmula (1)
which is useful Yas aR¥ECVD nethod interlayer insulating 11 filmmaterial

hi gh purity wt

in

opd efficiency. Brief Description of the Draw ngs [0022]



[Fig. 1] Fig. 1 is a viewshowng a parallel plate capacitively coupled
PECVD equi pnent. [Fig. 2] Fig. 2 is a view showi ng an inductively coupl ed
PECVD equi pnent. Description of Reference Nunerals and Signs [0023] 1.
PECVD equi prrent 2. PECVD chamber 3. Upper electrode 4. Lower electrode 5.
Substrate for formng thin film 6. Matching circuit 7. RF power source 8.
Tenperature control equi pnment 9. Vaporizer 10. Liquid flow rate control
equi pment  £film @Matekiow Aal &igdNieli t8owitEfood 2 Gatitenidier 13. Conpound
represented by the general formula (1) 14. Piping 15. Piping 12 16. Exhaust
equi pent  ghfofERElbr@brues bE R Draafidiyd
[c022]
[Fig. 1] Pig. 1 is a view showing a parallel plate
capacitively coupled PECVD equipment.
[Fig. 2] Fig. 2 1is 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



19. PECVD equi prent 20. PECVD chanber 21. Coil 22. Quartz pipe 23. Heater
part 24. Substrate for formng thin film 25. Matching circuit 26. RF power
source 27. Tenperature control equipnent 28. Vaporizer 29. Liquid flowrate
control equipnent 30. Gas flow rate control equipnent 31. Shower head 32.
Cont ai ner 33. Conpound represented by the general fornmula (1) 34. Piping
35. Piping 36. Exhaust equi pnent 37. Earth ground , Best Mdde for Carrying
CQut the Inventioas_[QQ&gugHBéquigméﬁgﬂu invention is described in detai
bel ow. [0025] In the present Invention, a hydrocarbon group shown
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
h 32. Container
33. Compound represented by the general formula (1)
34, Piping
35. Piping
36. Exhaust equipment
37. Earth ground

‘Bast Mode for Carrying Out the Invention

[0024]

13



by RL and Rz Ro R6, RoWDO, Ru Rlz Rls Rlo Rls Riff Yr r , r rrrrrr,
r r RL7, R18 and R19 shown hereinafter is preferably a saturated or

unsat urat ed 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, q or r is 2 or nore, the respective
formul ae may be bonded with each other to forma cyclic structure. \Were

the number of carmpan LR LXeGaMAT 12} ilst _d@eﬁﬁfgﬂﬂi di it Gl 2 raw

material such as the“corresponding organic hali and even if got, its

purity may [%én w. Further, where considering stable use in a CVD

equi pnent, a 53drocar bon group having from1l to 6 carbon atons is

particularly preferaﬁ{eee in the point tthat va oL @ressuLe of an organic
0 ¥

sil ane does not B&c ItB‘B?F% - POUSE- PRe HydP¥TAPEBA apow% B R1,

223 gQ Eﬁm%ﬁlh?@éﬁf tregh ?sésngﬁap;ﬁ%tz:ﬁo?r &{:/uﬁ%Z{reglgb[ﬁﬁi}s%z‘rfgpé?;bﬁye

an al kyl group having from1l to 6 carbon atons, an aryl group, an arylal kyl

group, an &kylBiylangt ®ip, showal kenplinaftewp isaprefgraidenyd spteupated

al kenyl aryl group, an 14 al kynyl group, an aryl al kynyl group and an

al kynyl ar ylor guosptuaadeadr ayfiretarbbhy ghoapkylamd owgashatiavg f aam lofo
straight-chain, branched-chain and c¢yelic 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 cyelic 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 becoma too low.
[0026]
The hydrocarbon group shown by R', and R?, R!, R®, RS,

RrR°, R'Y, R, R¥, R, R™, R, RY, RY, R™ and R 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

14



6 carbon atons and an aryl group. [0027] Specific exanple include alkyl

groups such as nethyl, ethyl, n-propyl, i-propyl, cyclopropyl, n-butyl,
i -butyl, sec-butyl, tert-butyl, cyclobutyl, n-pentyl, tert-amyl,

cycl opentyl, n-hexyl, cyclohexyl and 2-ethyl hexyl; aryl groups such as
phenyl, di phenyl and naphthyl; arylal kyl groups such as benzyl and

nmet hyl benzyl ; and al kylaryl groups such as o-toluyl, mtoluyl, p-toluyl,
2, 3- di net ykymgiy| group, di ant ehydredipny2, Srdupet bpdphanylalkynylaryl

2, 6-di net hyl phenyl, 3, 4-di net hyl phenyl, 3, 5-di net hyl phenyl ,

2,4, 6-tri mgtrayipphaind maretpydheityly am edbkiybhaipupahavingetindmpliens .

[ 0028] Further exanples include al kenyl groups such as vinyl, allyl,
1- propenyl & EabWodN¥tomk 3miitadieqyl grbdentenyl, 1-cycl opentenyl,
2-cycl opentenyl, cycl opentadi enyl, = net hylcycl opent adi enyl ,
ethylcycIOQ%@%qqienyl, 1- hexenyl, 1-cycl ohexenyl, 2, 4-cycl ohexadi enyl,
2, 5-cycl ohexadi enyl, 2,4, 6- cycloheptatrienyl and 5- norbornen 2-yl;

2fil§"r§|e?y'rr}s?§?§?f°ég§§ﬁ% SRl T TR SRR Aot o
L DLOPYIV LR OPY I i DUV lb%yg b S DU YIYL POV
sec-butyl, tert-butyl, cyclobutyl, 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.
[o028]
) Further examples include alkenyl groups such as vinyl,
| allyl, 1-propenyl, 1l-butenyl, 1,3-butadienyl, 1l-pentenyl,
l-cyclopentenyl, Z2-cyclopentenyl, cyclopentadienyl,
methyleyclopentadienyl, ethylcyclopentadienyl, 1l-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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hexynyl ,

2- phenyl -1 -ethynyl ; and al kynyl aryl groups such as 2- ethynyl-2-phenyl.

3- hexynyl and 5-hexynyl; arylal kynyl groups such as

[0029] O those, an al kyl group having from1l to 4 carbon atons and phenyl
group are particularly preferable. [0030] In the above general fornmula (1),
A represents a group containing at |east one selected fromthe group

consi sting of an_oxygen atom_a boron atom and a nitrogen
have any oft&¥PXilghtlRESRYHY anénPEOPNAYA andPearYE: serbetypyd [:'bt)Sl]

Above all,

i ncl udes ahuﬁwvgén éo@ﬁaﬁﬂmﬁé:gQUWSHtN@ﬁﬂesémnaﬁﬂxnyﬂuaQTﬁQWanglgénera

A contai ning oxygen is preferable, and the exanple thereof

atom _and may

formula (2) [0032] [Chem 3] -OR2 (2) (In the formula, R2 are the sane as

defi ned abbesynylor 3+lefyiybwand Gebexgnyflor natwl A BEvh D3 gjroiips] Gheth 4]

3 (-OR

2)3.151 2(—:2heny1—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 containing at least one selected from the group
consisting of an oxygen atom, a boron atom and a nitrogen
atom, and may have any of straight-chain, branched-chain
and cyclic 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]

16
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(In the fornula, R2 are the sane as defined above, R3 represents a

hydr ocarbon 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 R7 shown hereinafter include hydrocarbon residues
having structures in which p, g or r hydrogen atons are elimnated fromthe
structures of hydrocarbon groups shown as the exanples of Rl, Rz RO R6 Re
RO R1IOR 1 RS 4314 R15 R16R17 R e and R19, respectively. A saturated or
unsat urat ed hydrocarbon residue having from1l to 20 carbon atons is
preferable, and mmp_hagergyy of straight¢gpain, branched-chain and cyclic
structures. [0035] ere the nunber of carbon atons exceeds 20, vapor

pressure of(]%E&Bgan'fgnﬁﬁi%pe gzorgfg q__ei,gzeon%%nleow?san&le% nega%ﬂ)o di fkiscult
to use in a equi pnent; resultrng i h ~an unfavorabl e case€. e
cont ai ni ng oxygen i.s preferabl an al koxy group, .a sil anox roup, _an

al koxyaryl Tt Jits &4 gVQE??é‘FP?P d:retﬁi‘ﬁl?{‘ednd Fﬁo?‘@ %llh@f é}‘ﬁ%?% afl apg‘oxy
group having from1l to 4 carbon, atons, a phenyl group which has an al koxy
group havi i f& dbs tiduenhrifoR at e s an intagen iafudntor ez Jal kyl

group having from1l to 4 carbon atons which has an al koxy group having from
1 to 4 carbi34]

Examples of R® in the above general formula (3), and

R® and R’ shown hereinafter include hydrocarbon residues

: ,
pI—

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,
R™, R'Y®, R'®, R'Y, 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, wvapor

| 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 as a substituent. RL in this case is preferably an al kyl group having
froml 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 following general forrmula (4)
[0037] [Chem 5] R4 -NR4 (4) (Inthe fornula, R4 is the sane as defined
above), or the follow ng general formula (5) [0038] [Chem 6] R4 R5 N 4
R (5) (In stiestbruethta, Bf i tdkkghngraspdéfawiedy aboem. 1IR30 répraskbohs a
hydrocarbon residue. ¢ is the nunmber of NR42 18 as a substituent on R5, and
is an integesmdf whieh MAk€.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.

[0036]}

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

[G037]

[Chem. 5]

R (4)
(In the formula, R® is the same as defined above),
or the following general formula (5)
Y\ [0038]

[Chem. 6]

o]

(5)

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

represents a hydrocarbon residue. g is the number of NR’,

18



In the above fornula, 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 diarylam no group. [0039] Exanple of the A containing
boron include a boron- containing group represented by the follow ng general
formula (6) [0040] [Chem 7] B Rs R6 (6) (In the fornula, R6 is the sane
as defined above), or the followi ng general fornmula (7) [0041] | [Chem 8]
R6 R7 B/ aRea)subdti(tuenthetf okRtul @nd Rbsi ant Hetsgyer asf déf bmedhoaieove. R7
represents a hydrocarbon residue. r is the nunber of BR62 19 substituted on
R7, and isiandhet egiesvel fhrmulanr eRds hly 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]
//Rﬁ
—R’ B\
RS
r (7)
(In the formula, R® is the same as defined above. R’

represents a hydrocarbon residue. r is the number of BRsz
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t he above fornmula, R6s may be the sane or different. The A containing boron
Is preferably an al kyl boron residue or an al koxyboron residue. [0042]
Further, a material for formng Si-containing film characterized by
containing a cyclic siloxane conmpound represented by the general fornula
(1) having a structure that substituents of the general fornulae (2) to (7)
are present as a mxture i.,s included in the scope of the present

i nvent i on. SPPEBtuted: AB Femerddld ¥ niiRa iPbedsthedt R ¥ dnQERohdar ¥

hydr ocarbon group or a tertiary hydr ocarbon group, directly bonded to S
atom the theldlbove| bramalaenBosinmly cpe ethat samepprt da ffewand!. f Sheuka (1)
Is stabilized in plasma, and a } thin filmhaving a | ow dielectric constant
val ue and ddgbtaimendaboeah peopekifierably et alied bodwre hresiguef erabhe.
Further, nis preferably 1, x is preferably 3 to 4, and a nol ecul ar wei ght

of the cychlkogibexener&gi@eend represented by the general fornula (1) is
preferably less than 1,000. [0044] Specific exanples of the cyclic sil oxane

conmpound ?Qoﬁgpresented by the general fornmula (1) include 2,4, 6-

Further, a material for forming Si-containing £film,
characterized by containing a cyclic 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 Si atom, the cyclic siloxane compound represented
by the general formula (1) is stabilized in plasma, and a
thin film having a low dielectric constant vélue 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 the cyclic siloxane compound
represented by the general formula (1) is preferably less
than 1,000.

[0044]

Specific examples of the cyclic siloxane compound
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tritert-butyl-2,4,6-trinmethoxycyclotrisiloxane, 2,4, 6-
trisec-butyl-2,4,6-trinmethoxycyclotrisiloxane, 2,4, 6-
triisobutyl-2,4,6-trinethoxycyclotrisiloxane, 2,4,6-tri-n-

butyl -2, 4, 6-trinmethoxycyclotrisil oxane, 2,4,6-tricyclo-

butyl -2, 4, 6-trinmethoxycyclotrisiloxane, 2,4,6-triisopropyl-

2,4, 6- tr|nethoxycyclotr|5|loxane 2,4, 6- tr|-n propyl -2, 4, 6-

tri met hoxykseiesensed oxaihe the 4%Hterriaéyclf@ﬁmblé?l 413, einclude 2,4,6-
trimethoxycyclotrisiloxane, 2,4,6-triethyl-2,4,6-tri-

nethoxycyctxﬁtést+huhmb—&nﬁ,QTﬂxfmethmmybytlatnisiloxane, 2,4,6-

tri methoxycyclotrisil oxane. [0045] Further exanples include

2,4,6-tri t@fiséwmkylhtﬁwz B4 , 6+ ELIMOUNEHPEPEL bBEL 8XBBRane, 2,4,6-

2,4,6-trisec-butyl-2,4,6-tri- ethoxycyclotrisiloxane,

2,4,6-triispPidyba ﬁm@ éreﬁwﬂﬁ&h%&-ﬁ?&ibéﬂﬁ%ﬁame, 2,4,6-tri-n-

2,4,6-tri-n-butyl -2, 4, 6- trlethoxycyc o-"trisil oxane,

2,4,6-tri vh- 2. %g oxane, — _

5 S RN PR AR 2. 0 -t

2,4,6tr|- p 2 4 6tr et hox ofri: _siloxape

50 ot PP e Rt FoRTRUSY REE bt pRaugy Fahes-triisopropyl-

2,4, 6- trleth¥ 2 4,6-triethox éclotr|5|loxane and

2,4,6-trinet yﬁ rhm% ???%@ﬁ%i? 9%?6%?3@??0x§m6 S 504N —PEPPHEr 2efafpl es

include 2,4,6-tritert-butyl-2,4,6- 21 tri-n-propoxycyclotrisil oxane,

2,4,6 tr|sbclm@t@¢xgcmcsotrisiloxane, 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-
ethoxycyeclotrisiloxane, 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-triethoxyceyclotri-
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-
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tri-n-propoxycyclotrisiloxane, 2,4,6-triisobutyl-2,4,6-tri-

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

pr opoxycyckvirnsproRangcy¢lotsisiiexane, 1, 3, 8- 8 b-frigecpdarmiclodr iési | oxane
and 2,4,6-trinmethyl-2,4,6-tri-n- propoxycyclotrisiloxane. [0047] Further
exanpl es inciudepﬁopcﬁycybletribmlykaﬁe4,a?4LEktxdpsonXydthdL6F$kﬁaxane,
2,4,6-trisec-butyl-2,4,6- triisopropoxycyclotrisil oxane,

2,4,6-trii ﬁogﬂwbxgcﬁcﬁotﬂsmeﬂéﬁaoxyczqhqsr-rt&ul—@xmetyl -2,4,6-tri-n-
2,4,6-tri- utyl-2,4,6- triisopropoxycyclotrisil oxane,

2,4,6-tri Cﬁ%ﬁ@ﬂ&&{zcﬁoﬂr@sll&ihbéoprOEOKY%)L(EE:@LE&'cib&:%%eQ 4,6-tri-n-
2,4,6-triisopropyl=2,4, trllsopropoxycyc otri Sil oxang,

2,4,6-tri - ropoxycycl-otri:Si e
2,4,6-tri 9 Eégg%gyﬁlétg giip%gﬁgéprop%xéd§c%% ?Fs%%%ggi 52,4,6-tri-n-.
2,4,6-trieth oxycyclotrisil gxane and
2,4,6-tr|nBFﬁ?ngcﬁc%OEFF 'gg 860xycy I v Pr &R o RaRE OBYd6 43T (Bt ReP ™
exanpl es include 2, 4,6, 8- tetratert butyI- 22 )
2,4,6, 8- tePFQH@FHﬁY?@?&FéFé@P&@Pﬁ@xaﬁe Srargoyolepreyyd-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-
| triisopfopoxycyclotrisiloxane, 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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c

4,6, 8-tetranet hoxycycl otetrasil oxane, 2,4,6,8- tetraisobutyl-2, 4,
anet hoxycycl ot et r asi | oxane,

-tetra-n-butyl-2,4,6, 8-tetranmethoxycyclotetra- sil oxane,
-tetracycl obutyl -2, 4, 6, 8-tetranet hoxy- cycl otetrasil oxane,

-tetrai sopropyl-2,4,6,8-tetra- methoxycycl ot etrasil oxane,
-tetra-n-propyl -2,4,6, 8- tetranethoxycycl otetrasil oxane,

-t eBr Ac§ecPopetpamethoxygyglosetrapel hoxpoes| ot & dadi, [fotateasec—
-tetraethyl- 2,4,6,8-tetranethoxycyclotetrasil oxane and 2, 4, 6, 8-

t hybuyad -8, 4361 8t-tehehhekiioxgbygtibtetrbsidoxane)0491 FarUh&, 8exanpl es
2,4,6,8-tetratert-butyl- 2,4,6,8-tetraethoxycycl otetrasil oxane,

-t etegeatsobutyll~2, 4, 6, 8- tatranbRBwYeGQtidtasisivvxnte
-tetra- isobutyl-2,4,6,8-tetraethoxycycl otetrasil oxane, 2,4,6, 8-

-bubyh- 2, 8-8e8rhehlREEDOXYCHCLOBELERSAMEM MRy cyclotetra—-

-tetracycl obutyl-2,4,678-tetraet hoxycycl otetra- sil oxane,

I
LeLERLIQRLOPY! - 254,885t RLEASLORN KL XA Of O I L MANG e ehoxy-

ra-n-propyl-2,4,76,8- tetraetrnoxycyclof€trasil oxane,

t cEVRLPRERERBYlonRhey o  Zefinse oy B SR RRR e a7 R

thyl-2,4,6, 8-tetraethoxycyclotetrasil oxane. 23 [ 0050]
methoxycyclotetra31loxane, 2,4,6,8-tetra-n-propyl-2,4,6,8-

'
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tetramethoxycyclotetrasiloxane, 2,4,6,8-tetracyclopropyl-
2,4,6,8-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 include 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-

oy 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-
tetraethoxyceyclotetrasiloxane, 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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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-propoxycycl otetra- 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-t qtoodiogopr opyl - 2,4, 6, 8-tetra-n-propoxycycl ot etrasil oxane,
2,4,6,8-tetra-n- propyl-2,4,6,8-tetra-n-propoxycycl otetrasil oxane, 2, 4,6, 8-
tetrcycl opr opyl sRuréh@rS- t@tdigoTedT ORAKYEUE! OB14 75) 8§ Cbdea tert-butyl -
2,4,6,8-tetraethyl-2,4,6,8-tetra-n- propoxycyclotetra- si | oxane an

2,4,6, 8-t et rageigilarad. C;I_.g,gé,% Metrasil oxang, 4 [HGR1]

Furt her exanples |ﬁ%|jhe -tetratert buty - I

2,4,6,8 cyel otet xan t

sec-bu tyI qﬁf‘%%%g;t _\%p‘)a(r)offfod)’(ycyc%o?le rzfgxf%gg%ﬁdoeéé&aﬂloxane’
2,4,6,8 tral ral r OpoOXyc cIotetra sj | oxane,

2.3 0, 8-t Ane G b SR S SR eRGR

2,4,6, 8- tetracyclobutyl 2,4, 6, 8- tetralsopropo clotetra5|loxane

2. 4.6, 8-t @GR Opy| 2 A /6 BT A1 SODRDCRyt T £ HEA TR RERROLY -
2,4,6,8-tetra-n- propyl-2,4,6, 8-tetrai sopropoxycycl otetrasil oxane, 2,4,6,8
24 tet racwmﬁma@m@r&ﬂ et2r,$ Sof-opsaagnd tkn tekt? ok ahed - ~tetra-

n-propoxycyclotetrasiloxane, 2,4,6,8-tetraisopropyl-

R

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-
2,4,6,8B-tetraisopropoxycyclotetrasiloxane, 2,4,6,B-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-2,4,6,8~tetraisopropoxycyclotetrasiloxane, 2,4,6,8~
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,8-tetraethyl -2,4,6, 8-tetrai sopropoxycycl otetra- siloxane and
,8-tetranmethyl -2,4,6, 8-tetrai sopropoxy- cyclotetrasil oxane. [0052]
er exanpl es include 2,4,6,8,10-pentatert-butyl -

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

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

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

, 1Ccpeiidy ddpitopy -2, 6, &, 8O- Perd BsopRb POy Ey el opetasi | oxane,

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

6

6

h

6

a

6

6

6 1

6, 8, 1% ’ @,@}@i%% lsz'; fﬁ; @/ S’U)CM Mﬂ@i{@P@BéﬁﬁéL oxane,
6, 8, 10- pent a- n- propyl -2, 4, 6, 8, 10- pent anet’hoxXycycl 0- pent asi | oxane,
6
6
6
h
6
a
6
6
6

8

8

8

8

8
, 8, 10-. cl opyl 2 6, - hexyc | ne,
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, 10- _pentamet hy] -2, 4, 6,8, 10-pent amet hoxycycl opent asi | oxane. [0053]
e%ﬁ%&éﬁéﬁ?ﬂﬁ%ﬁﬁ?éﬂ%{G,S,10-pentatert-buty|-
,10U$entaethoxycyclopentasionane, 2,4,6, 8, 10-
c-btR8R2b, 4, 6, 8, 10- pent aet hoxycycl opent asil oxane,
, 10- pent ai sobutyl -2, 4, 6, 8, 10- pent aet hoxycycl o- pent asi | oxane,
, 10- pent Furthay | epanpbes, 1ocdaden 254 eb hBxjeypeapahentrbukuhe,
, 10- pent acycl obut yl -
2,4,6,8,10-pentamethoxycyclopentasiloxane, 2,4,6,8,10-

e

— -

o -
PAPASAEAESAPAARARADPMDIS AT AD

S

NPNNTDNTINNNNNNNNNTNNTINN

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-
pentamethoxyceyclopentasiloxane, 2,4,6,8,10-pentaethyl-

f) 2,4,6,8,10-pentamethoxycyclopentasiloxane and 2,4,6,8,10-
?entamethyl—Z,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-pentaisobutyl-2,4,6,8,10-pentasthoxycyclo-

pentasiloxane, 2,4,6,8,10-penta~n-butyl-2,4,6,8,10-penta-
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8, 10- pent aet hoxycycl opent asi | oxane, 2, 4,6, 8, 10-

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

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

, 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- pentanethyl-2,4,6,8, 10-pentaethoxycycl opentasil oxane. [0054]
r exanpl es include 2,4,6,8,10-pentatert-butyl -

8, 1 R R IR A% Er asi | oxahed r 9, 8 B0 gpaptacyclobutyl -
ec-butyl -2,4,6, 8, 10- pent a- n- pr opoxycycl opent asi | oxane,

, 8, 1 ferfi 8 sidhwmsn tae thaopsviclorentasi bexpeaycycl o- peht 6sBl bXane,

, 8, 10- penta-n-butyl -2, 4,6, 8, 10-penta-n- propoxycycl opent asi | oxane,

, 8, Ierpemnitsoycdmblid/] 4, @, 8, B)-Gditepetiaxyepe bppay cyel bpeathasi | oxane,
8, 10- pent ai sopropyl -2, 4, 6, 8, 10- pent a- n- pr opoxycycl opent asi | oxane,
8, 1 pE/8 28 @+ syt -2 pe &bl -1, DA 8, 10 P REXY ENSk Py §EHL asi | oxane,
8, 10- pent acycl opropyl - 2, 4, 6, 8, 10- pent a- n- propoxycycl opent asi | oxane,
8, 1§spprti fetdwidne 2. 4, 6, & 10- Pail o Dok PROYFYLYSLOPEILASH | xaNepand
8, 10- pent anet hyl -2, 4, 6, 8, 10- pent a- n- pr opoxycycl o- penfa5|foxane.

26 S LA SXAOPL ESpd Al 4o fardle 5 8 10- PENs 2k CET 1 BULY Faethyl -

2,4,6,8,10-pentaethoxycyclopentasiloxane and 2,4,6,8,10-
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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-pentaisobutyl-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-
“) pentaiscpropyl-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.

[0055]
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8, 10- pent ai sopr opoxycycl o- pent asi | oxane, 2, 4,6, 8, 10-

ec-butyl -2, 4,6, 8, 10- pent ai sopropoxycycl openta sil oxane,

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

, 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,
, 10- pent &uriitaapyéxadplles, Sntludent 2} $ 0P| BpdRypgntapentabukgkane,

, 10- pentacycl opropyl -2, 4, 6, 8, 10- pent ai sopr opoxycycl opent a- sil oxane,
, 102 pepé et 14 peh da Bs SpdSoPeptpe BOPSOREXY 1 1 6¥8hapenbaasel axaoe and
, 10- pentanet hyl -2, 4, 6, 8, 10- pentai sopropoxycycl opent asi | oxane,

F

"ok a SXAIRE 851 LA1CA U610 21 @-fafeBi Sop REBARFEPAXYEYALALT i Si | oxane,

, 6- hexaet hoxy- cyclotrisil| oxane,

’%§$§%§SQ'prODQ§yEy§|Qt{6é$$%§%%%$§utyl—2,4,6,8,10-pentaiso~

: al sopropoxycfyclofri

u
6
6
6
AR LTS PO erane o4, 4 0, e2kifefly f0°p8ntan-buey-
c
6
6

6_

otrisil oxane, 2,2,4,4,6,6-hexaisobutoxz- cyclotrisil gxane
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B hefeB nl GRS EPRFPPOXY BYGHepenfsiloxane,  2,4,6,8,10-
, 6- hexacycl obut oxycycl otri sil oxane. 27 [0057]
pentacyclobutyl-2,4,6,8,10-pentaisopropoxycyclopenta-

NNTIINNNDNNTNNNNNNNNNTN

siloxane, 2,4,6,8,10*pentaisopropyl—2,4,6,8,10—pentaisé—
propoxycyclopentasiloxane, 2,4,6,8,10-penta-n-propyl-
2,4,6,8,10-pentaisopropoxycyclopentasiloxane, 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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s include 2,2,4,4,6,6,8,8- octanet hoxycycl ot etrasil oxane,
- oct aet hoxy- cyclotetra5|loxane,
-oct a- n- propoxycycl o- tetrasil oxane,
- oct ai sopropoxycycl otetra- sil oxane,
-oct acycl opropoxycycl otetra- sil oxane,
-octatert-butoxycycl otetrasil oxane,

joct asec- bot oxycycl ot etrasi | oxane,
- oct ai sobut oxycycl ot et r asi | oxane,

-Petendr Dut Oxygyeb kgt r asi haxaggeand 2 ,6,6,8,8-
, 8- oct acycl obut oxycycl ot etr asi | oxane. [OdSé] Further exanples

1 §B§{§c§gecgégﬁagﬁiégﬁﬁgoxyﬁyﬁ'Qp%“%a% 180%ARrtae thoxy -

oxycycl opént adi I'oxane,’

8 eca-n- propoxyGgy p a |Io N
}@tfgriﬁlgg§gnersopr g 3 gégdgéhﬂg aﬁeproPOXYCYClO
, 8,10, 10- decac clopropox cl opent asi | oxane,
FGSEEOEEnedecat V?Jﬂuﬁ0§y%y I 8peRtadsrprapeXycyclotetra-

, 8,10, 10- decasec- but oxycycl opent asi | oxane,
oRang, 10- decdpéntaid, §oﬁuﬁoﬁy@?@ﬁ@ﬁ@ﬁn@mQPQKMﬂ¥ClOtetra‘

, 8, 10, 10- deca- n- but oxycycl opent asi | oxane and
¢8amé 18-, dedady 6l, 61 8t, 8xpoyalteprdénbatiokycymd o tetBGSAl oZ@neyr t her
| ude 2,4, 6-tris(2-nmethoxyethyl)-
;2,4,4,6,6,8,8-octasec-botoxycyclotetrasiloxane,

3

OOOOODGOOOOOODOOOOCD

o -

C

O 1= ke (D

2,2,4,4,6,6,8,8~-cctaisobutoxycyclotetrasiloxane,
2,2,4,4,6,6,8,8-octa-n-butoxycyclotetrasiloxane and
2,2,4,4,6,6,8,8-octacyclobutoxycyclotetrasiloxane.

[0058]

Further examples include 2,2,4,4,6,6,8,8,10,10-
decamethoxycyclopentaéi1oxane, 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~
isgpropoxyeyclopentasiloxane, 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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2,4,6-trinmethylcyclotrisiloxane, 2,4,6-tris(2-tert-butoxy-
ethyl)-2,4,6-trinmethylcyclotrisil oxane, 2,4,6,8-tetrakis(2-

nmet hoxyet hyl ) -2, 4, 6, 8-t et ranet hyl cycl ot et rasi | oxane,
2,4,6,8-tetrakis(2-tert-butoxyethyl)-2,4,6, 8-tetranethyl -

cyclotetrasil oxane, 2,4,6, 8, 10-pent aki s(2-nmet 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-t ert -Burthhepet byhthpPed, Grslidiepedi Apethyl sy2+methokyashisbxane,
[ 0060] Further exanples include 2,4,6-tris(4-nmethoxyphenyl)-

2,4, 6-tri nefdys-cyedmd €hpl & pxPoeri 2i foRahé | S(4;4e6ttris(2-tert-butoxy-
but oxyphenyl)-2,4,6-trinmethyl cyclotrisil oxane, 2,4,6, 8-

t et r aki I _
264”5‘ gsgietfﬁ‘il S(%P{gﬁftmn’%%%%%&@ﬂﬁiwﬁu& obehr g- gSkhbe¥anes (2

ot hoxy phafs IO SUPE 18 %ﬁt%%%ﬁ*@?f?yﬁ%f@ﬂ%%é# Fhanilozane,
et hyl cycl HpEnt c&7 %ﬁs%ﬂiitf%%%%ﬁ%aﬁ{?%& S ded fepuhgtramethyl-

2,4, 6- trls(nethox%ggthf trimethylcyclotrjsil oxane

2.4, 6-tri sPEEHR $iiy 9xafze4 6- t?rﬁe?h?lrE9CP8E‘F?-§?—F6%aW§thOXYethyl)‘
2,4,6-tris(n-propoxy- nmethyl)-2,4,6-trinmethylcyclotrisil oxane,

2,4,6-tri s%i%06,letbrb@r@t(thl7czgh95pentaeih9xeyel atnd si2l, 8% &né, 1924, 6-

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

Further examples include 2,4,6-tris(4-methoxyphenyl} -
2,4,6-trimethyleyclotrisiloxane, 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

R

2,4,6,8,10-pentakis (4-tert-butoxyphenyl)-2,4,6,8,10-penta-
methyleyclopentasiloxane.
[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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tris(n-butoxynmethyl)-2,4,6-trinethylcyclotrisiloxane,
2,4,6-tris(iso-butoxynethyl)-2,4,6-trinmethylcyclotri- 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-
nethyl)-2,EFBP?¥Y@?F?¥%§E?GQV§§FF&%SHEYl9?@}85FF§§@P§GBGr 2,4,6-
propoxynet hyl )-2,4,6-triethyl cyclotrisil oxane, 2,4, 6-

t ri s(n-but sx§aénhbnfozymeghyl) eZhdl éyErdmethyilevafotrdsilexane,
tris(iso-butoxynmethyl)-2,4,6-triethylcyclotrisiloxane and
2,4,6-triseté;6-bnisXysetbykpxgmétbyi) 21, By beyeliokthydicvalataei- [ 0063]
Furt her exanples include 2,4,6-tris(methoxynethyl)

2,4,6-trii gsapeapkcycl ot ghal | oxane, 42 g4£e4ikr(iterat ethyl)-2,4,6-
methyl)-2,4,6-triisopropylcyclotrisiloxane, 2,4,6-tris(n-
prppoxynethxk%é%hglé?&ibt§9e&gexgﬁge'otr'S"Oxane,.2,4,6-
tris(isopropoxynethyl)-2,4,6-triisopropylcyclotrisiloxane,
2,4,6-tris?BbE5 oxynet hyl)-2,4,6-triisopropylcyclotri- siloxane,
2,4,6-tris(Crso-butoxynmethyl)-2,4,6-triisopropyl- cyclotrisiloxane and

2.4,6-tris(tertputgryetlyl)opad § 39 1411 90 QS SIS, -

2,4,6-triethylcyclotrisiloxane, 2,4,6-tris{ethoxymethyl) -

e

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-triethylecyclotrisiloxane and
2,4,6-tris(tert-butoxymethyl)-2,4,6-triethylcyclotri-
siloxane.

[0063]

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

S’

2,4,6~-triisopropylceyclotrisiloxane, 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



[ 0064] Further exanples include 2,4,6-tris(nmethoxynethyl)-
2,4,6-tri-n-propylcyclotrisiloxane, 2,4,6-tris(ethoxy-

met hyl )-2,4,6-tri-n-propylcyclotrisiloxane, 2,4,6-tris(n-

propoxynet hyl)-2,4,6-tri-n-propyl cyclotrisiloxane, 2,4,6-
tris(isopropoxynethyl)-2,4,6-tri-n-propylcyclotrisiloxane,
2,4,6-tris(n-butoxynethyl)-2,4,6-tri-n-propylcyclotri- siloxane,

2, 4, 6-tri sfrisicsdprapyplatdiyd rids A dedne - n- propyl - cycl otri sil oxane and

2,4,6-tris(tert-butoxynethyl)-2,4,6- tri-n-propylcyclotrisiloxane. [0065]
Furt her expygdep include 2,4, 6-tris(nmethoxymethyl) -
2,4,6-tritert-butylcyclotrisiloxane, 2,4,6-tris(ethoxy-

met hyl) -2, 4, 6-t rd Qe PULKLGYI Lt I L 51 Q48NS | 2, 6-E21k (BéBRoxymethyl) -
propoxynethyl )-2,4,6-tritert-butylcyclotrisiioxane, 2,4, 6
tris(isoproppxynmethyl).- 4L 1= clotrisil pxane..: -
2,4,6-tris ’ng‘)t%?%({;n%t%%?éﬂgc%%&?ﬁsf%cﬁ}y%ﬁ%yl cycl o%f?fés? %)?(é?]g?oxy
2,4,6-tris(igo-hutox thyl)-2,4,6-tritert-butyl- cyclotrisiloxane,and
2461 ReENDNA ey bronwl e e i esaid el oct1 & PRERRE AT ooss)
Furt her exanples include 2,4,6-trjs(nethox%ggthyl); .

2,4, 6-tri PR TR v r4 < 1T o5darie; PEORY Y 1 @ Fet sbkg¥ana, 2,4,6-

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

tris (isopropoxymethyl)-2,4,6-tri-n~propylcyclotrisiloxane,

2,4,6-tris(n-butoxymethyl)-2,4,6-tri-n-propyleyclotri-

s

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-

'j tris(isopropoxymethyl)-2,4,6—tritert—buﬁylcyclotrisiloxane,
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-butyleyclotrisiloxane.

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

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

2,4, 6-tri cyetlopexyRcycbotriaybbaspentylogchotrisibaxy-, 2,4,6-tris(n-

met hyl )-2,4,6-tricycl ohexyl cyclotrisil oxane, 2,4,6-tris(n- '

pr opoxynet fﬁz‘bﬁ’oﬁyrﬂeﬁh?li cych Qbe%ﬂ.é}f@l@béh&&h@&'&métrisiléxane, 2,4,6-

tris(isopropoxymethyl)-2,4,6-tricyclohexylcyclotrisiloxane,
R T T L L
2 BB OBt UL 20 i g - (000
S S RS Zadagel SR M ety 2,4,
ethyl)-2,4,6-trinmethylcyclotrisiloxane, 2,4,6-tris(iso- .
pr opoxyet hFF}cychopeb ey heVRYPEYEEALPEIPROXanedRd 4, 6- 2,4, 6-tris(tert-
tris(n-butoxyethyl)-2,4,6-trinmethylcyclotrisiloxane, 2,4,6- 32
tris(iso-bbubeyenayhyl?-2,8,6ritretiglopentylcyclotaneidwcane.

[0067]

Further examples include 2,4,6-tris(methoxymethyl)-
2,4,6-tricyclcochexylceyclotrisiloxane, 2,4,6-tris(ethoxy-
methyl)-2,4,6~tricycliohexylcyclotrisiloxane, 2,4,6-tris(n-
propoxymethyl)-2,4,6-tricyclohexylcyclotrisiloxane, 2,4,6-
tris (isopropoxymethyl)-2,4,6-tricyclohexylayclotrisiloxane,
2,4,6-tris(n-butoxymethyl)-2,4,6-tricyclohexylceyclotri-
siloxane, 2,4,6-tris(iso~butoxymethyl)-2,4,6-tricyclohexyl-
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-trimethyleyclotrisiloxane, 2,4,6-tris(n-propoxy-
ethyl)-2,4,6-trimethylceyclotrisiloxane, 2,4,6-tris(iso~
propoxyethyl) -2,4,6-trimethylcyclotrisiloxane, 2,4,6-

tris(n~butoxyethyl)-2,4,6-trimethylcyclotrisiloxane, 2,4,6-
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2,4,6-tris(tert-butoxyethyl)-2,4,6-t

Furt her exanples include 2,4,6-tris(nethoxyethyl)-
2,4,6-triethylcyclotrisiloxane, 2,4,6-tris(ethoxyethyl)-
2,4,6-triethylcyclotrisil oxane, 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-

but oxyet hytﬁ:ﬁqﬂs&ﬁﬁt&tw&mi of |4 §6l@g<ﬂﬂ@th§wy§1¢>tr§snoxane and
(i so-butoxyethyl)-2,4,6-triethylcyclotrisiloxane and 2, 4, 6-

tris(tert-pui oecy@ffytae@t AnfeSky ety £ve) s @taLeﬂaéenglc{,e%%Eurt her

exanmpl es include 2,4, 6-tri s(methoxyet

2,4,6-trii cyclotr|5|loxane 2, 4 6 tris(ethoxy-

eth yl)-2, sc;Jgpé}%)rlysopropylcyclotrlyonane 2,4,6-tris(n-

propoxyethgé% % 4, 6- tr||sopropylcyclotr|5|onane 2,4, 6-

tris(isopr & Lthyl) 2,4, 6- tr||sopropylcyclotr|5|onane

2,4,6-tris(n- butoxyethyl) 2,4,6-triisopropylcyclotri- s

2,4,6-tris(iso- FHRRYE hy?’}anPJ@fS t¥nekesdeopgi 4, éy‘éFbFr(lrﬂ?ith@%HﬁéhH?ah‘

2,4,6-tris(tert-butoxyethyl) 2,4,6- triisopropylcyclotrisiloxane. [0071]

Furt her ex&n@l@strh%tEMbG2¢M96ri$ihQN%meoxyetﬁy#)s-ggis(ethoxyethyl)—

2,4,6-tri-n-propylcyclotrisiloxane, 2,4,6-tris(ethoxy-
2,4,6-triethylcyclotrisiloxane, 2,4,6-tris(n-propoxyethyl)-

ri met hyl cyclotri- siloxane. [0069]

2,4,6-triethylcyclotrisiloxane, 2,4,6~tris (isopropoxy-
ethyl)-2,4,6-triethylcyclotrisiloxane, 2,4,6-tris(n-
butoxyethyl)-2,4,6-triethyleyclotrisiloxane, 2,4,6-tris-
(iso-butoxyethyl)-2,4,6-triethyleyclotrisiloxane and 2,4,6-
tris (tert-butoxyethyl)-2,4,6-triethylcocyclotrisiloxane.
[0070]

Further examples include 2,4,6-tris (methoxyethyl)-
2,4,6-triisopropylcyclotrisiloxane, 2,4,6-tris (ethoxy-
ethyl)-2,4,6-triisopropylcyclotrisiloxane, 2,4,6-tris(n~-

'j 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-
triisopropylceyclotrisiloxane.

[0071]

Further examples include 2,4,6-tris(methoxyethyl)~
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ethyl)-2,4,6-tri-n-propylcyclotrisiloxane, 2,4,6-tris(n-
propoxyethyl)-2,4,6-tri-n-propylcyclotrisil oxane, 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 rt-but oxyeth 2,4,6- tri-n ropylcyclotr|5|loxane [ 0072]
Fur t her én&@s ic’l‘uB’éoéYL.cféc%PFRﬁH%?g@t hyl)- 2:4,6-tris(ethoxy-
2,4,6-tr|tert butyl cyclotrisil oxane, 2,4,6-tris(ethoxy-

t hyl )-2,4<;:‘Bhyﬂrévfl ButyicycPEePYAryekaktisplaxgneri s(n2,4,6-tris (n-
ropoxyethyl)-2,4,6-tritert-butylcyclotrisil oxane, 2,4, 6-
ris(isoprppopynyhyhy1272,676rtrérnrpu09y¢ygbbbtriBﬁdpaaaﬁ, 2,4,6-
4,6-tris(n-butoxyethyl)-2,4,6-tritert-butylcyclotri- siloxane,

4, 6-tristris{babpxypbhyerhidl -2 41, 6teri -hupybpytyeltbtiriisiovaategnd
4,6-tris(tert-butoxyethyl)-2,4,6- tritert-butylcyclotrisiloxane. [0073]
urther exangl SSttﬂgl(Hdsu%o&yéthwsLzet;hexx@&hﬁl- ropyleyclotri-

, 4, 6- trlcyclopentylcyclotr|3|onane 2,4,6-tris ﬁbxy-

thyl)-2,4 I t Sy -
0 A BBt £ s oo

LT eop BRSNS AAd VBl PRI SRR L) 4 -

tri-n-propylecyclotrisiloxane.

e
p
t
21
2,
2,
Fu
2
e

[0072]

Further examples include 2,4,6-tris{(methoxyethyl)-
2,4,6-tritert-butylcyclotrisiloxane, 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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sil oxane, 2,4,6-tris(iso-butoxyethyl)-2,4,6-tricyclopentyl- cyclotrisiloxane
and 2,4,6-tris(tert-butoxyethyl)-2,4,6- tricyclopentylcyclotrisil oxane.

[ 0074] Further 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- }
propoxyethyl)-2,4,6-tricycl ohexyl cycl otri sil oxane, 2,4, 6-
tris(isopropbx§ethysinsbytexyetbyt) ohedybchcioveloprorapeyclotri-
2,4,6-tris(n-butoxyethyl)-2,4,6-tricycl ohexylcyclotri- sil oxane,

2,4, 6-triséiboxdmepxPed hg-rr2s4ibotbiutpriyehbyl) ~2¢¢betrisyicdopea tyie
2,4,6-tris(tert-butoxyethyl)-2,4,6- tricyclohexylcyclotrisiloxane. [0075]
Further exgypl&trisciodand, 4aﬁrdr|a(,ﬂeshmﬁar(@awt)-butoxyethyl)—2,4,6—
2,4,6-trinmethylcyclotrisiloxane, 2,4,6-tris(nethoxypropyl)-

204 6-L11 CLRYLEYELBLALSL LOKRBEr1 21 Fofahel S( et hoxypr opyl)-

2,4, 6- tr||sopropy cyclotrisiloxane, 2,4,6-tris(nethoxy-

butyl)-2, 4 ? ? nethylcyclotr|5|loxane 2,4,6-tris-

(nethoxypeﬁ 9 2,4, 6- trlnethylcyclotr|3|loxane and 2, 4, 6-

Cri s(met gozygeg%@%g Lgimet byl cyslotist boyane, 0078l Further  sxampl es
2,4,6-tricyclohexylcyclotrisiloxane, 2,4,6-tris(ethoxy-
ethyl)—2;4,6—tricyclqhexylcyclotrisiloxane, 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-
tricyclohexylcoyclotrisiloxane.

[0075]
Further examples include 2,4,6-tris(methoxypropyl) -
) 2,4 ,6-trimethylcyclotrisiloxane, 2,4,6-tris (methoxypropyl) -
J 2,4,6-triethylecyclotrisiloxane, 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.
[Q076]

Further examples include 2,4,6,8-tetrakis-
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oxynet hyl ) -2, 4, 6, 8-tetranet hyl cycl ot etrasi | oxane,

8-tetraki s(ethoxynethyl)-2,4,6,8-tetranethyl cycl o- tetrasil oxane,
8-tetraki s(n-propoxynethyl)-2,4,6,8- tetranethyl cycl otetrasil oxane,
,8-tetrakis(iso- propoxynethyl)-2,4,6,8-tetranethyl cyclotetrasil oxane,
8-tetraki s(n-butoxynethyl)-2,4,6,8-tetranethyl cyclo- tetrasil oxane,
8-tetrakis(isobutoxymethyl)-2,4,6,8- tetranmethylcyclotetrasiloxane and
8-

t efrictk sulynat iy DUt XY ) r@td%atz?a:ée@@léyéiﬁ@h%ﬂ@k@ﬁst rasi | oxane.

Furt her exanpl es i ncl ude 2, 4, 6, 8- tetrakis-

ymes hylq @*%}@ﬁcf@ﬁéiﬁﬁﬁ%@ﬂ%ﬂt@r 2551 ® ameth lc%clo—

t et’r aki's( et hoxyrmet tetraethy cyclo- te I | oxane,

X
8-
:3 TS L?%Séiry?t% Strokhs ﬁé??é%#‘;%ﬁh&&%? & ¥ ovane,
8
8-t
8-

o—-

- tetrakls n- 4,6,8-tetrae ycl otetra- lloxane,

: é@e&x%%%ﬁ%%l%%%r o tetr thyb eScPoteefisitafine. and

tetrakls(tert- but oxymet hyl ) - 2, 4, 6, 8- tetraethylc cl ot etrasil oxane.

Furktrpoasesiprek) Mmﬁi,@*zteit@reetléylmisotetram oxane,
xymet hyl )-2,4,6,8-tetra-n-propyl cycl ot etrasil oxane,

"8t @& rbiG S-ctiorainiet e RyxyBa SRy Bl +2, 4, BF Bp tymhetBglcyclo-

I\)""_‘NI\)I\)I\JNI\)""_'NI\)I\)I\)NI\)"‘
ol—l—

tetrasiloxane, 2,4,6,8-tetrakis (isobutoxymethyl)-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-tetrasthylcyclotetra-

siloxane, 2,4,6,B-tetrakis (isobutoxymethyl)-2,4,6,8~

tetraethyleyclotetrasiloxane and 2,4,6,8-tetrakis (tert-
butoxymethyl)-2,4,6,8-tetraethylcyclotetrasiloxane.

{o078]

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-

etrasi | oxpaerags ODFRAn&r t 2[4 e p@pte&trabit (AepRofokyBetBi/LAkRS4 ,6,8-

t hoxymet hyl ) -2, 4, 6, 8-t etrai sopropyl cycl ot etrasil oxane,

8- teEé€¥é5&3&9&&yﬂ@&@Yé%é@rés§1§x£ﬁéra'SOPQ0@¥b¢8¢h@tr&ﬁ&%ﬁ§bboxa”e

t et raki s(n- propoxynethy -2,4, tetralsopropylcyclotetraS|onane

nme
4,
4,6, 8-

4,6, 8-t ne

A A G € SR R AGYFhgagrast lowane,
8-

4,

t
(
2,
2,
2,
pr
2 n: but e o] ycl ot etrasi | oxane,
2 te% %k# é E%gﬁggigﬁﬁp%9%?xyﬁé€h%lg %egrg g §g§5?I8y€F8P¥ﬁrasiloxane
a 6, 8- tetrakis(tert-butoxynmeth % 2,4,6, 8- tetralsopropyICKCIo-

E i | oxB¥elorebRasL oxane, exanp?eg nBrigErakisdigobutexymethyl) -

2

S
oxynethyl)-2,4,6,8-tetratert-butyl cycl otetrasil oxane,
, 8-t edy kﬁs@etﬁbR?n%thp@EthﬁcBoBetéa5&1@K@nbutyIaB¢ 2,4,6,8-

6,
6,
6,
opo
,4,6,
, 4,6,
nd 2
etra
nmet h
, 4,6

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-tetraisopropyleyclotetrasiloxane,
2,4,6,8-tetrakis(ethoxymethyl)~2,4,6,8-tetraisopropylcyclo-
tetrasiloxane, 2,4,6,B-tetrakis (n-propoxymethyl)-2,4,6,8-
tetraisopropvlcyclotetrasiloxane, 2,4,6,8-tetrakis(iso-
propoxymethyl)-2,4,6,8-tetraisopropylcyclotetrasiloxane,
2,4,6,8B-tetrakis (n-butoxymethyl)-2,4,6,8-tetraisopropyl-

;) cyclotetrasiloxane, 2,4,6,8~-tetrakis (isobutoxymethyl) -
2,4,6,8-tetraisopropylcyclotetrasiloxane and 2,4,6,8-
tetrakis (tert-butoxymethyl)-2,4,6,8-tetraisopropylcyclo-
tetrasiloxane.

[0080]

Further examples include 2,4,6,8B-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 cyclotetrasil oxane and 2, 4,6,

8-tetraki r . 2,4, 8 el £ yLo¥ { pxane.
[ 0081] Fuﬁ%%ate%agrfﬁ%{@? nc%ﬁde 2, 226 8- teltaél%?E aki)éli ® %%éaﬁy P

(met hoxymed hylq -g.¢ ‘%}@r&é y@?&l%@%ﬁé@%ﬂ&éﬁé' | oxane,

8-
2,4,6, 8 tetrakls(et oxyne tetracycl opehtyl - cyclofefra5|loxane

6, t r.aki,s( net h
6. 51 1T BTSN ERTR P 124, 829 R fer e -butyloyelo-
hyl)-2. 4 I I I I
(i Sofg%g(],ggf;%gygetw 0% 55 ELLASHEL RepLEbaReBhoL 1L 27 kogane
6, 8-tetracycl opentyl cycl ot et rasi | oxane, 2, 4,6, 8-
r aki s(Imﬁtﬂlymmwl)cmcw@eigra%ﬂmopent%IéyéI%—te‘éralasﬂbatane and
6, 8-t
6, 8-t
6, 8-t
6, 8-t

, 8

e

, 6, 8-
8-

, etraki s(tert-butoxynethyl)-
dbu tamxpymhaeigent )+ 2 y4) ©f Bt taisra taainebu £ty DESE] o tat taeil exangl @sdi ncl ude
et raki s- (nmethoxynmethyl)-2,4,6,8-tetracycl ohexyl cycl ot etrasil oxane,

&1 J Bké H-etdepiors dnt -ZocSxEnd ERYBEYZ| OheXF L t88ratert—

2,4,
2,4,
tetr

2,4
2,4,
tetr

2,4
2,4
2,4
2,4

, 8-
, , 8-
, 8-
, 8-

butylcyclotetrasiloxane.
[0081]

Further examples include 2,4,6,B-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, 2,4,6,8-tetrakis(n-butoxymethyl) -

Ry

2,4,6,8B-tetracyclopentylcyclotetrasiloxane, 2,4,6,8-
tetrakis (isobutoxymethyl)-2,4,6,8-tetracyclopentylcyclo-
tetrasiloxane and 2,4,6,8-tetrakis(tert-butoxymethyl) -
2,4,6,B-tetracyclopentylcyclotetrasiloxane.
[0082]

Further examples include 2,4,6,B-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 |l 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 oxynmet hyl ) -2, 4, 6, 8-tetracycl ohexyl cycl ot etrasi | oxane and

2,4,6,8-t Qifcﬂlﬁiféﬁﬁérlhiﬁ&i@[mt hyl )2 24 46 8 ScdetdRLY GﬂlOpropoxymethyl) -

hexylcyclotetra5|loxane [ 0083] Furt her exanpl es include 2,4,6,8-tetrakis-

(mi‘t hoxyetdwi )g -4 drBs @@?W&%&P&@é@ﬁ-ééﬂ&%ﬁé‘e 2,4,6,8-
2,4,6, 8- tet%aﬂls(ethox &fﬁ 8-t efranet hyl cycl o- tetraS|onane

2,4,6, 8 t ( 4 t cIot il oxane,

2.4 0 8.1 AT B %%%awi%%%) i e e i iR BefTas T ovane.

2,4,6,8 tetrakls(n but oxyet h 6, 8-tetranet h cIo |Io ane,

2, 4,6, 8-t YTHIT(ICHARR oxyet y‘i 3'2871 %t%ak’t% ?%%W%E?H‘%i r?o ane and

2,4,6, 8- tetrakls(tert- buto ethér 4,6, 8- tetranethylcgclotetraslonane.

[0084] Furkefera asblaxare r aki s2,4 etrakis (iso-

(et hoxyet hyl ) -2, 4, 6, 8- tetraethylcyclotetra5|onane

2,4,6, 8- td@u@oqs(l@mmk)ye‘l g 8 tetricyel obhath/tygtbbetrasi hekxdns aand

2,4,6,8-tetraki s(n-propoxyethyl)-2,4,6,8 39

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

Further examples include 2,4,6,8-tetrakis-
(methoxyethyl)-2,4,6,8-tetramethylcyclotetrasiloxane,
2,4,6,8B-tetrakis(ethoxyethyl)-2,4,6,8-tetramethylcyclo-
tetrasiloxane, 2,4,6,8-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-

i .
e

tetrasiloxane, 2,4,6,8-tetrakis (isobutoxyethyl)-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

4,6, 8-tetrakis(tert butoxyethyl) 2 4,6, 8- tetraethylcyclotetra5|onane

0085] Furt her exanples include 2,4,6,8-tetrakis-

met hoxyet ¥8tyasthy b %@%?%ﬁ&ﬁkﬁ@%@@%ycl%t@tﬁagrtﬁkﬁﬁb}s(1SOPrOP0XY‘

8- tetrakls(ethoxyethyl)-2,4,6,8-tetra-n-propy|cyclo- tetrasil oxane,

,8-te&th&lbfmr@er&myeitgéﬁhﬁldyéidmetsasblox@nepylcycloﬂeﬂuésB%oxane,

8-tetrakis(iso-

poxyet hydfrak ¥s n-Sot tdxge thyl PRY | £y6| Bt &t AsetAYBBEclotetra-

, 6, 8-tetraki s(n-butoxyethyl)-2,4,6,8-tetra-n-propyl- cyclotetrasil oxane,
8-

h
, 4,6,
, 4,6
, 4,6,
’
6
,g, te§{f$%§ﬁé50bUt0Xy3tﬂ¥4 6 Qvﬂe§r§k£§gi§oﬂu€629¥£ﬁ¥iblehr@SBLoxane
ra
th
6, 8
6
6

4,6,8 tetrakls(tert bu oxyethy -2,4 8-tetra-n- propylcyclo-

'|0Xﬁgf§a%ﬁg§gé%§¥' {:Q@fa&i‘f‘&% g inglyde 2.4.8 8 ESEE%E&%(tert-

S
oxyet r al Sopr opy cyclo et rasi [ 6xane

5.1 P ERFL R LR L M Ts e sras ke SRR ER BB §%§§}sf oLetrasi| oxane.

, 8- te}rakls(lso 40

2,
[
(
2,4,
2,4,
2,4,
pro
2,4
2,4
and
tetr
(me
2! 4!
2,4,
2,4,

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-propyleyclotetrasiloxane, 2,4,6,8-tetrakis (iso-
propoxyethyl)-2,4,6,8-tetra—n-propylcyclotetrasiloxane,
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,B-tetra-n-propylcyclo-
tetrasiloxéne.

[0086]

Further examples include 2,4,6,8—tétrakis—
{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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poxyet hyl)-2, 4,6, 8-tetrai sopropyl cycl ot etrasil oxane,

, 8-tetraki s(n-butoxyethyl)-2,4,6,8-tetrai sopropyl - cycl otetrasil oxane,
, 8-tetraki s(isobutoxyethyl)- 2,4, 6,8-tetrai sopropylcycl otetrasil oxane
,4,6,8- tetrakis(tert-butoxyethyl)-2,4,6,8-tetrai sopropyl cycl o-

opo
, 4,6
, 4,6
d 2
asi | oxane. [0087] Further exanples include 2,4,6,8-tetrakis-
h
6
6
6,

;
n
etr
nmet hoxyet hyl )-2,4,6,8-tetratert-butyl cycl otetrasil oxane,

, 4, 6, 8-t ghreposfetindye? /) § ; 2-defrdisaprapel tybldbbtraytl okaheasi | oxane,

4,6, 8-tetraki s(n-propoxyethyl)- 2,4,6,8-tetratert-butyl cycl otetrasil oxane,
4,6, 8- tej4pK] Mté’@ﬁwp@w%@ﬂéﬁyétﬂyﬁ)&I@IG?&etétbﬂipri‘éb?i-
etraS|onane 2,4,6,8-tetraki s(n-butoxyethyl)-2,

tetratert- N&Ed&&éﬂéféﬁé oxane, 2344 668gLeLER k§§'(§§obutoxyethy1) -
but oxyethyl)-2,4, 6, 8-tetrateft- butylcycfofetra3| oxane and

cyel Et o S e B o fo ey %ss*f%%?ﬁﬁrr 2 4 5 B Ba &
210, 6.5 ( T GEL L Ry p T SaVE o 61 ¢ oy ErbRat eGP EOBYLFYELeTasi | oxane.

2,
2,4,6,8-tetraki s(n-propoxyet hyl) -
2. 4.6, 8-t cEPREFTI ARSI cycl ot et rasi | oxane, 2,4,6,8 41

p
2
2
a
t

(

2
2
2,
t

[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, -2,4,6,8-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 cyclo- 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-
(nethoxyett@%ﬁaﬁad{f&&bfdﬁéﬁ@dﬁhphpxglmysl@¢eétﬁ§byexapentylcyclo-
2,4,6,8-tetraki s(et hoxyethyl)-2,4,6, 8-tetracycl ohexyl - cycl otetrasil oxane,

6, 81ﬂ¥éﬁﬁﬁéiibiﬁﬂwoxyethyla 6284tetrak1s(n—butoxyethyl) -2,4,6,8-
etracyclohexylcyclotetra5|onane

t
oL Lo aap %%@I%z@?t%ﬁ*%%&%%ﬁ%Pzéz%%ﬁézs. SEEERIEOE, o
o5 o plian Byt pyehiu Lt oL apel stenl eyl atar | e

nd
ycC Iotetra3| oxane 0090] Further exanples |nclude 2,.4,6,8-tetrakis-
t hoxypraghi 9+ %k’c%ﬁ%ﬁ*érhwfaﬂngbﬂbu?oﬁaﬁe “tetracyclon
,6,8 tetrakls(nethox propyl)-2,4,6,8-tetraethylcyclo- trisiloxane,
,6,8-teE¢%RY%¢ﬁ@l%b&é ¥a2$4,6,8- t et rai sopropyl cycl otri sil oxane,
6, 8-tetraki s(met hoxy 42
[o089]

2,4,
6, 8-
tetr
2,4,
2,4
a
(o
(me
2,4
2,4
2, 4,
Further examples include 2,4,6,8-tetrakis~
(methoxyethyl)-2,4,6,8-tetracyclohexylcyclotetrasiloxane,
2,4,6,8-tetrakis (ethoxyethyl)-2,4,6,8~tetracyclohexyl-
cyclotetrasiloxane, 2,4,6,8-tetrakis(n-propoxyethyl) -
2,4,6,8-tetracyclohexyleyclotetrasiloxane, 2,4,6,8~
tetrakis (isopropoxyethyl)-2,4,6,8~-tetracyclohexylcyclo-
tetrasiloxane, 2,4,6,8-tetrakis(n-butoxyethyl)-2,4,6,8-
tetracyciohexylcyclotetrasiloxane, 2,4,6,8B-tetrakis(iso-

butoxyethyl)-2,4,6,8~tetracyclohexylcyclotetrasiloxane and

2,4,6,8-tetrakis (tert-butoxyethyl)-2,4,6,8-tetracyclohexyl-

._\“W;--

cyclotetrasiloxane,
[0080]

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

tetraisopropyleyelotrisiloxane, 2,4,6,8-tetrakis (methoxy-
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butyl)-2,4,6,8-tetranet hyl cyclotrisiloxane, 2,4, 86, 8-

t et raki s(met hoxypentyl)-2,4,6,8-tetranethyl cyclotrisil oxane and

'2,4,6, 8-tetraki s(net 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 ) thyl)-2, 4 6, 8, 10-pent aet hyl - cycl gpgntagi | oxane
2 o O RS TRl MU MR B AL PRI - oYl 2PEDL %5

P S R A 3%, 4 W e S LSt BBl S8 L 261 U5
(nethoxyethyl)-2,4,6,8,10-pentanethy|cyclogentasionane,

2,4, 6, 8, 10apdnRaki §¢ Beteabxgiein(meothpxyhexyl) 02 plnf 8T H§Frams BIGFIRLLSI | oxane
and 2, 4, 6, 8, 10- pent aki s( et hoxyet hyl ) -

2, 4,6, 8, 10tatidicstyrenpyl| cycl opent asi | oxane. [0093] Further exanpl es
include 2,4,6-tritert-butyl-2,4,6- tris(dinethylam no)cyclotrisiloxane,
2,4,6-tritgdodautyl - 2,4, 6-tris(diethylam no)cyclotrisiloxane,

2,4,6,8-tetra- tert-butyl-2,4, 6, 8-tetrakis(dinethylamno)cyclotetra

si | oxane, 2,4, 6, §nb@iRl er t ahliph a2, 4, 6; 8=1 §hEaKi Sp 4 6,8,10-pentakis-
(di et hyl ami no) cycl ot etrasi | oxane, 2,4, 6,8, 10-pentateéerf-
butyl -2, 4, 6t %R A Y PLENE BNV P 8551 85 8NEastPoxane,
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-pentaisopropylcyclopentasiloxane.
[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-2,4,86-
tfis(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 ot etrasil oxane,
2,4,6,8-tetrai sopropyl -2, 4, 6, 8-tetraki s(di ethyl am no) cycl otetrasil oxane,
2,4,6,8, 10am@n2 a4 s6pP obytrentatestioutyl-2,4,6,8,10-pentakis (diethyl-

pent aki s(di met hyl am no) cycl opent asi | oxane and 2, 4, 6, 8, 10-

pent ai sopramihe Pevicboed faphbakns ( di et hyl am no) cycl opent a- sil oxane. [0095]
Furt her exanples include 2,4,6-trinethyl-2,4,6-

tris(di met hydadr no)cyclotrisiloxane, 2,4,6-trimethyl-2,4,6-
tris(diethylamno)cyclotrisiloxane, 2,4,6,8-tetranethyl -

2,4,6,8-tetraki sfdiggthyl apn &¥C|fﬁgiﬁ ilgx@nghtgiﬁsﬁgggﬁ 1-2,4,6-

tetramethyl -2, 4,6, 8-tetrakis(di ethylam no cycfofetra si

(i ot nyl arkAS) apBr Behentn L unto bRt Stifang, 1o, ey §rtriisopropyl-

e YL 2. 4, 6y S 10SPETRKLS( st ] ALl oyel pBenLast | oxgng, ¢ BORIRL Further

di met hyl am nophenyl)-2, 4, 6-trinmethyl cyclotrisil oxane, 44 _
isopropyl-2,4,6,8~tetrakis(dimethylamino)cyclotetrasiloxane,
2,4,6,8~tetraisopropyl—2,4,6,3—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-

i) 2,4,6,8-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 nophehyl) -2, 4, 6, 8-tetranet hyl cycl ot et rasi | oxane,

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

pent anmet hyl cycl opent asi | oxane and 2, 4, 6, 8, 10- pent aki s(4-

di et hyl am ppphenytls244dbe8hiDapeéntpheniy) e2cdopentrimetildegnd otr@697]
Further exanples include 2,4,6-tritert-butyl-2,4, 6-

tris(dimet BylbRanecycbonr ssalexarakis.(4-aimethelbmivbyhenyl) -2,4,6,8-
2,4,6-tris(diethylboro)cyclotrisiloxane, 2,4,6,8-tetratert-

bUty|‘2,4’@e@iéﬁ&&ﬁ§i§?@%ﬂgég¥%§9i8kﬁ¥%hOtQEEQ%LbQ%%%%akiﬁ(4-diethy1—

2,4,6,8-tetratert-but , 8-tetraki s(di ethyl'boro)- cyclotetrasi | oxane,

pent aki 5( SERETREPBAY L) couk obuht etrafavigycopegrgsigonane,
e e oo R ETATS RE A RGNS, 29, e (0%
tris(di methyl boro)cyclotrisiloxane, 2,4,6-triisopropyl-
2, 4, 6-t ri sPERERRGEBYLeYE)ePentrsiloxane, 2nde, §-teth & ,Jf-pentakis (4-
propyl -2, 4, 6, 8-tetraki s(di met hyl boro) cycl otetrasil oxane, 2, 4,6,
8-t et r ai sogiephiylaminépdenyid aki, 4( 6i, 8 AP-benthméShylcyclopenta-
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(diethylboro)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) -
cyclotetrasiloxane, 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.
[0098]

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

propyl-2,4,6,8-tetrakis (dimethylbore) 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-trinmethyl-2,4,6-

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

2,4, 6, 8-t edyakdod ha2f Tyxdes 0) cyz! ot 61 6 256 L pXANRI sépfofyB=2,4,6,8,10~
tetranethyl-2,4,6,8-tetrak|s(dLethyfboro)cycIotetraS|onane,

2,4,6, 8, 105 ; 5 5 ' ' | b - | gpant gsi | oxane
2.4 0 8. 10seliest dithe fndh oo [OyPRAL At 3L SRLAY Dot - 278 8P8)1D

pent aki s(di et o) 1 open i ] oxane 01 r_exanples _include
e bt 11 e ErereY e b oS 1O et It SR BR b R Y e RaRtS
2,4,6-trisé4- di et hyl bor ophenyl )-2, 4, 6-trinmethyl cyclotrisil oxane,
2, 4,6, 8-t et H¥¥FA: di et hyl bor ophenyl ) -2, 4, 6, 8-t et r anet hyl -
cyclotetrasil oxane, 2,4,6, 8-tetrakis(4-diethyl borophenyl)-
2,4,6,8-1efP@@t hyl - cyclotetrasiloxane, 2,4,86,8, 10-
pent aki s(4-di met hyl bor ophenyl ) -2, 4, 6, 8, 10- pent anet hyl cycl o- pent asi | oxane
and 2,4,6,8, 10-Bernthed s( exhmplys bor phbuge) - 2,4 ,6-trimethyl-2,4,6-
2,4,6, 8, 10- pent anet hyl cycl opent asi | oxane. [0101] 46

tris (dimethylboro)cyclotrisiloxane, 2,4,6-trimethyl-2,4,6-

tris(diethylboro)cyclotrisiloxane, 2,4,6,8B-tetramethyl-

e

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]
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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 tThe geateaial orfud aféining reut-quartddioilay | ¥ilii roff edhebut the
met hod of producing the cyclic siloxane conmpound having the structure of

the gener grd&unttl Anf@ntied WeRtaifns eXwdPlsscia dreishadxahehydembydhag an
oxygen- containing silane conpound represented by the follow ng general

formul a (8ed M3 red @E{?n%h@]geﬁ%réllf&rﬁlla%% ORykéd {tnithgsbqrgula, RIL

and R8 are the sane as ‘defined above in the presence or absence of an
0 0 RSy haBARy D) 46 i (5.8 o
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 p;prn.
[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 cyclic siloxane
compound having the structure of the general formula (2)
can use, for example, a method of hydrolyzing an oxygen-
containirig silane compound represented by the following
general formula (8)

[0103]

[Chem. 9]

\/
/\3

S

(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 cyclic siloxane

represented by the following general formula (9)
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[0104] [Chem 100 R 2 n n( RHS -0x (9 (Inthe fornula, RL, n and
are the sane as defined above), and alcohols in the presence of Pd, N or
Rh catal yst. [0105] The nethod of producing the cyclic siloxane conpound
having the structure of the general formula (3) can use, for exanple, a
met hod of hydrol yzi ng an oxygen-containing silane conpound represented by
the followi ng general fornula (10) [0106] [Chem 11] R2-O) R3 ]JSIi(R )t
(OR9 )ads [bidak P (10) (In the fornmula, R, R2, R3, RO and p are the sane
as defined above. sis 1 or 2, t is Oor 1, and s+t is 1 to 2.), obtained
by reactingchlg.cepiesponding Gignard reagent or 48 organic lithium
conpound, and an organi c silane conpound,

(HQH (/91 P

Si——0

(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]

j [Cham. 11]

(Rz 0) R3-l Si(R"), (0R9)4—(s+t)
P 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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in the presence or absence of an acid or a base,

and a nmethod of producing

by reacting the cyclic siloxane represented by the general formula (9) and

an al kyne

conmpound having RZO group in the presence of Pt catal yst.

The met hod of producing the cyclic siloxane having the structure of t
general formula (4) can use, for exanple, a nethod of hydrolyzing a

nitrogen-

or oxygen- containing silane conpound represented by the fol

[0107]
he

| ow ng

general fopraami¢11)thdupgjconmovmd, 1@)d Ra \OYGEINGR ) $11R1O) gpmpeundR4/ "

(11) (In the fornula, RlL, R4 and R10 are the same as defined above.

uis i

or 2, v isif dahel,prsxkbndy by hhseritrg , of n drheapidsenceaobasksermed ok an

acid or a base.

[ 0109] The nethod of producing the cyclic sil oxane conpound

havi ng t hensthie@t UbE Obrblacdager ¥y f ardad@E{p) €Rd UsPelibor sexamnhae, a
met hod of hydrolyzing a nitrogen- or oxygen- 49 containing silane conpound

represent efa Y.L 80t E£8! 1O Nghe IGRETAaTl OT#BU@RIEL2)(9) and an alkyne

compound héving R°0 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
N+—Si(R") (OR' @ Yaqy v )

e

R Y (11)

(In the formula, R', R* and R are the same as defined
above. uwuis 1 or 2, vis O cocr 1, and ut+v is 1 to 2.),
in the presence or absence of an acid or a base.
[0109]

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

for example, a method of hydrolyzing a nitrogen- or oxygen-
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[0110] [Chem 13] [(4)Ng R5 Si(R)(OR11)4+Y (12) (In the formula, R1,
R4, R5, R11 and q are the sane as defined above. y is 1 or 2, zis 0 or 1,
and y+z is 1 to 2.), in the presence or absence of an acid or a base.
[0111] The nethod of producing the cyclic siloxane having the structure of
the general fornula (6) can use, for exanple, a nmethod of hydrolyzing a
boron- or oxygen- containing silane conpound represented by the follow ng
general fofedfaipiny [vulEme [cohmaunty]reRsepesiter])by oy 4 fodlgpinga (13)
50 (In the fornula, R, R6 and R12 are the sane as defined above. ais 1 or
2, b is 0 genéradnfommblas{l2)o 2.), in the presence or absence of an acid
or a base. [0113]

[0110]

[Chem. 13]

N—+—R°*+—Si(R'),(0R N4y+2)

- - (12)
(In the formula, R', R?', R®’, R and g 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

D
general formula (13)
[01127F
[Chem. 141
RG

B+—Si(R)(OR )4 asny

v

R
e (13)
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The net hod of producing the cyclic siloxane having the structure of the
general fornula (7) can use, for exanple, a nethod of hydrolyzing a boron-
or oxygen- containing silane conmpound represented by the follow ng general
formula (14) [0114] [Chem 15] [(:B)r R7 SiR1)d(OR13)4C+d) <c¢ (14) (In the
formula, R, R6, R?, R13 and r are the sane as defined above. ¢ is 1 or 2,
dis Oor 1, and c+d is i to 2.), in the presence or absence of an acid or
a base. [0115] .In conductin%ﬁthesreactioq2 i norgani ¢ acids such as
hydrochl or fEnadib® Fe¥pptaacii aRl sMEul ¢ a&ed, th@d S381eyadf c S&fil@&9such as
tol uenesul fonic acid can be used as an acid to be present. Further, in
conduct i ngabeeer egetimnl 01512 sdelien hyer oki dend patlhss ul B9d2eoki de, sodi um
nmet hoxi de, potassi um net hoxi de, sodi um et hoxi de, potassi um et hoxi de,
sodi um t erinathebptexedee pot absenoet eft aar sichdt oxi debase.t he |i ke can be
used as a base to be present. [0116]

[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'—=SiR")(OR *siora)
/r

- - (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 ¢+d 1is 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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The Pd, Ni or Rh catalyst that can be used in reacting the cyclic siloxane
conpound of the general formula (9) and al cohols includes Pd.(0), N (0) or

Rh(0) ] catalyst supported on a high surface area activated carbon, and a
het er ogeneous or honobgeneous catal yst represented by the follow ng general

formula (15) [0117] [Chem 16] MXeLf (15) (In the fornmula, Mrepresents Pd,
Ni or Rh, X represents fluorine, chlorine, bromne and iodine, and L

repr esent ssediiure| dytdrexidenat pagassipouridydsoaide f acediamumbthosid, or

nore, and e+f is a nunber satisfying the valency of Mand coordination

nunber) . [H3d8dsAumhaephbre degmesdicim aathskide; orgotiskaunl thRokilke, can be
used as the el ectron donating conmpound represented by L in the general

o o g BALPETSESREN, ho oS T Ay et RRReRe A L
17] PR193 éﬁg)like can be used as a base to be present.
[0116]

The Pd, Ni or Rh catalyst that can be used in
reacting the cyclic 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. 186]
MX-Lg (15)
(In the formula, M represents Pd, Ni or Rh, X represents
fluérine, chiorine, 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).
[01181
| 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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(In the fornula, R14 is the sane as defined above. Rl4s may be the same or
different.) [0120] [Chem 18] R15 (PR P-R15 115 R(17) (In the
formula, RL5 is the sanme as defined above. R35s may be the sanme or
different.), or an am ne conpound represented by the follow ng general
formula (18) or (19) [0121] [Chem 19] NR163 (18) (In the fornmula, R16 is
the sane as defined above. R16s nay be the sane or different.) 53 [0122]
[Chem 20] R17 1 R17 NNR17 1 17

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]
R15
P R15
p—R"
R15

(17)
(In the formula, R*® is the same as defined above. RYs may
) be the same or different.),

or an amine compound represented by the following general

formula (18) or (19)
[0121]

[Chem. 19]
NR®5 (18)

(In the formula, R'® is the same as defined above. R'®s may

be the same or different.)
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(19) (In the formula, R17 is the sanme as defined above. R17s 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
formula (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
hydr ocar bons such as n- pentane, i-pentane, n-hexane, cycl ohexane, n-heptane
and n- decBWE22 Llinsat urated hydrocarbons such as toluene, xylene and
decene-1; ethers such as diethyl ether, dipropyl ether, tert-butyl nethyl
et her, di bitlydmetd®r, cyclopentyl nethyl ether and tetrahydrofuran; and

al cohol s such as nethanol, ethanol, isopropanol, n-butanol, tert-butanol
and 2- 54 ethyl hexanol. M xed sol vents of those can be used. Especially,
when ethers orRAl cohols are used, there is the case that the cyclic

si | oxane conpoﬂnd represented by the general formula (1) having a specific
nol ecul ar wei ght can,, be produced in high yield. [0124] The reaction

t enper at ure i nNprodéci ng the cyclic siloxane conpound represented by the
general fordfula (1) is

17

) R (19)

(In the formula, R is the same as defined above. R's may
be the same or different.},
can be used.
[0123]

The reaction solvent that can be used in producing
the cyeclic 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

R

that can be used include saturated hydrocarbons éuch as n-
prentane, i-pentane, n-hexane, cyc¢lohexane, n-heptane and n-
decane; unsaturated hydrocarbons such as toluene, xylene
and decene-~1l; ethers such as diethyl ether, dipropyl ether,
tert-butyl methyl ether, dibutyl ether, cyclopentyl methyl
ether and tetrahydrofuran; and alcohols such as methanol,

ethanol, isopropanocl, n-butanol, tert-butanocl and 2-
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in a range of from-100 to 200C which is a tenperature generally used

I ndustrially, and preferably in a range of from-85 to 150C. Pressure
condition of the reaction can be under pressure, at nornal pressures or
under reduced pressure. [0125] Purification nethod of the cyclic siloxane
conpound represented by the general formula (1) produced can use a
purification nethod such as distillation at normal pressures or under
reduced presisyltleexamolol umMissghr atdlorentsi ngf si theae atani nbeor upelyner
gel, in order to reduce a water content which is useful to use as an

i nsul ati ngeépbddlalBy £rivAabnt thess bRARIZOHHLE Ayl Wdwd AMedite Ofsi BREri ties
other than silicon, carbon, oxygen and hydrogen, such as the anount of

metal i nmpugitd eghato Sy et 10i PR N ok PSRepAdQsa dBt bpdenany be
conbi ned accd%dlngktgﬁﬁied} %l Zgan%hg?eggﬁﬂater contenfgﬁéﬁg ?he anount

of Inpurityg %% o OFHEE%S (9{) h% o B as'éﬁ&:ﬁ%@%@%@%ﬁgﬁ&gﬂg Qugr ogen,

espeC|aIIy reS| npurltles conpound

represented by t ner . fornul 1 finally obtained are high, such a
h e ot dania hugtielal i ng Fi 1 i 7

compound i ulating filmmterial. [0127]
fo124]

The reaction temperature in producing the c¢yclic
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
'd 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.

55



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

wat er -renoved and deoxi dized 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 nefal26jsi dues and particles are renoved. [0128] The cyclic

si | oxane compound represented by the general fornula (1) of the present

invention is usethed%®e da WAteti ont@ntd,oraadothe- aqiduaithid® {kporitddsan Si-
containing filmcan be produced using the sane as a raw material. In this

case, the J#l ' | i bty M Rut oty f 0
conduct théef %é}%ﬁ%ﬁ%&%f‘%&g%@ﬁ%@ e%%g%?af|§*%?%§e§§§|§{"?§é’§%%auct by

D, AP b S ABEOR Sl TRk AL b Spgsg e ot
Lo Lol CRLIAg! S ool « S5 SONEUE! B, PEREUSLheRl! kil g ¢
finally obtained are high, such a compound is not suitable

ag 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. 8Specifically, it is preferable
that the production is conducted in a water-removed 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 c¢cycelic siloxane compound represented by the
general formula (1) of the present invention is used as a
material for forming Si-containing £ilm, 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,

56



In the PECVD equi pnment, the material for formng Si- containing filmof the
present invention is vaporized with a vaporizer and introduced into a film
formati on 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 |ike
in the filmformation chanber. In this case, a gas such as argon or helium
and an oxidi zing agent such as oxygen or nitrous oxide nay be introduced

for the mHPOSE ¥ SapeEdiing PrafdPabidr tbeton8ustl baneROYD. i Nt roduction
of an organi ¢ peroxide or an epoxy conpound for the purpose of formng
pores in arg¢ipgyfilmis also included in the scope of the present

i nventi on. v%en a filmis fornmed using the material for formng

Si-containing fgldglnd NS oo tawvggﬁflgxﬂe Y BsEFQP euLpuBaL. ofothi 0

filmsuitable as I"'ow d ric cons materral) for

sem conduct of devi.ce n .be 1] The ration t hod of
PECVD eqwrb?rjf[entp% rH "Wg‘lard'é{rtﬁ' Ffdy I i QE"Jedexﬁﬂ ?ngﬁ%ﬁq}ﬂ&gl VS&?up]qE
plasma, capacitively coupled plasm, ECR plasnme, microwave plasma and the
li ke that BeEhede@aneaaidyr isesh Be u§EéIS reehri ¢kl \Fi&ehl 84S a3fm and

capacitively coupled plasma are preferable. As a plasma generation source,
vari ous 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 electrode 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 materizl (ng—k
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types such as parallel plate type and antenna type can be wused, and as an
I nert gas supplied to a chanber of the PECVD equi pnent, helium argon,
krypton, neon, xenon and the like that are used in this technical field can
be used. [0132] As one exanple of the PECVD equi pnent, a parallel plate
capacitively coupled PECVD equi pnent is shown in Fig. 1. A parallel plate
capacitively coupl ed PECVD equi pnent 1 shown in Fig. 1 conprises a shower
head upper electrode and a |ower el ectrode capable of controlling

t enper at urmatgrial kuber raenl ¢onduEEViegiceneme baafibemeda vapori zation
equi pnment whi ch vaporizes the general fornmula (1) and supplies to the
chanber, a[®lzkha generation equi pnent conprising a high frequency power
source and a matching circuit, and an exhaust system conprising a vacuum
punp. [0133] S8rnapepl hkmal L@bnéﬁb@ciFfﬁCVQeEHHdpwt PECUDMEdSi8Smeh tPECYD
chanber 2, an upper electrode 3 having a shower head for uniformy

suppl yi ng ﬁ&f £AFRUAHa R vt K& raRE] 2l alfx@rrﬂghﬁ.cﬂ»el' Oréi\ggféwnafss%é,' ower

el ectrode 4 having a tenp&rature control device 8 tinga thin film

formng substirate. ugh a ngﬁj subst e, ,vapQrization_ equi nt_9 to 15
for v agor SRpE A fuvard JERuET o8 eladiS 0k Cpy 43RAI S O0.ER BIRRED O
6 and a RFa gwetrhe'S Oliri(icee 7,thtaf11:at azli:l;ae falsed in the art can be used.

Inductively coupled plasma and capacitively coupled plasma
are preferable. As a plasma generation source, wvarious
‘types such as parallel plate type and antenna t@e can be
used, and as an inert gas supplied to a chamber of the
PECVD equipment, helium, argon, krypton, neon, xenon 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

St”

a lower electrode capable of controlling temperature of a
substrate in a PECVD equipment chamber, a vaporization
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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pl asma generati on 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

pl asma generati on source are connected to the upper electrode 3, and pl asma
I's generated by discharging. The standard of the RF power source 7 is not
particularly Jlimted, but the RF power source generally used in this
technical field, having electric power of from1Wto 2,000W and preferably
from|l ONVto 1, OCEWcifidcal ¥y eqtieacREQVD f equipBénkHr comBr5sEhiza PEEVEr abl y
from 100 kHz to 100 MHz, and particularly preferably from 200 kHz to 50
MHz, can behamiesr 2[ 01356 ufjost r ell eetredbsty adievimgpear ahidwer shaadl for
particularly limted, but the tenperature is in a range of from-90 to 59

1, 000C, an%pf@i»ﬂ@béﬂpglgmgctﬁ@ 88bound 0486+ hdhgeMapal i Zakmdnaequypent
conprises a container 12 filled with the conpound 13 of the general fornula

1 whi ch; L s ¢4 AUl e Or din e apd : d
(eqzji pped vh\%%htgbgit&p pI pﬁlﬁ'g %ng%egi %@%%H&V\h?cﬁgg{lg‘?suaf Pg:%@%%;%t%ﬁggi nsert

g, o 1 ReLLP LAl Se 80ROl 1Y Lt OB £ Bha hbOYARLELRL e

5 such as an Si substrate, vaporization equipment 92 to 15
for wvaporizing the compound of the general formula (1), a
matching circuit 6 and a RF power source 7, that are a
rlasma generation scurce, 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 powar 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 -90 to
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13 of the general formula (1) which is liquid, a vaporizer 9 which

vapori zes the conmpound 13 of the general formula (1) which is liquid, a

pi ping 14 for. supplying the inert gas in the PECVD equi pnent chanber via
the vaporizer, and a gas flow rate control equipnent 11 which controls fl ow
rate of the insert gas. The vaporization equi pnment is connected to the
upper el ectrode 3 equipped with a shower head from the vaporizer 9 via

pi pi ng. [01i3@DoAS, aived i £aldly t heoE®D e waurent, an inductive coupl ed
renmot e PECVD equi pnent is shown 1n Fig. 2. An inductive coupled renote
PECVD equi poest119 shown in Fig. 2 conprises a plasma generation part wound
in a coiled state around quartz at an upper portion of a PECVD equi pnent
chanber, a tenp UL,2:C00 ;1 bI§a§ﬁQ§ t ett | r . Ohipzat i on
equi prrent mhicheygéo&%gggg%ﬁglg%hpo n cﬁﬁ@5§°ﬁﬁ£3§§%e?§|&?gFﬁﬁ¥§9( and
supplies ta.the . chanher,.a | asma_ge at Lon.equi pnent .coapri si ng hi gh
frequency 95%38?1 Jou ceu&‘ﬁd ‘gonﬁ%?%%‘?na%{:i P uiqih,e aﬂgngﬁaé}xh%@rﬁ%ﬁ @Qstem
conprising a vacuym punp. [0138] Specifically, the PECVD equipnent 19

conpri ses HhigkcvBSchamf®iido, 25 cAMAPRIYNG ERRAFAVIER pe3Dd t B ™Rrle t he

pl asma generation part, a heater part 23 for setting a
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 control flow rate of the compound

. i
R

13 of the general formula (1) which is liquid, a vaporizer
9 which vaporizes the compound 13 of the general formula
(1) which is 1liquid, a piping 14 for supplying the inert
gas in the PECVD equipment chamber wvia 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 9 via piping.
'} [0137]

As one example of the PECVD equipment, an inductive
coupled remote PECVD equipment is 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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thin filmform ng substrate 24 such as an Si substrate and a tenperature
control device 27, a vaporization equipnent 28 to 35 for vaporizing the
conmpound 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 pnent 36
for exhausting an unreacted product and a by-product in the chanber. 37 is
earth ground. [0139] The coil around quartz as a plasm generation part is
connect ed tleet enetachi igrmutaui ¢1)25andndsuppstihes geead stheorshamasl at aan
antenna current nmagnetic field by RF current in.a quartz pipe to generate

pl asma. Stprgans fendhieridn peyalipientcecafprisifly Par High afkyghbRicied, but
the RF power source generally used in this technical field, having

electric rOfedini IUhKO 2 QAR BISERIED! Vand | U | E#hRASE:BAOW and
a frequency 0 fron150 kHz to 2. preferably from 100 kHz to 100

MHz, and p$¥ # ggﬁéu%g{géfg ¥uuﬁ° 0 kHz to 50 MHz, can be used.

[0140] Con enperature’is not particularly limted, but
t he tenpergéﬁé is in arange of from-90 to 1,000C, and preferably fromOC
to 500C §]The vapori zation equi pnment conprises a contai ner 32

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.
[01389] |
 > 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 guartz pipe to generate plasma. Standard of
the RF power source 26 is not particularly limited, but the
RF power source dgenerally used in this technical f£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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filled wth the conmpound 33 of the general formula (1) which is liquid at
ordinary tenperature and normal pressures and equi pped 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 conmpound 33 of the
general formula (1) which is liquid, a vaporizer 28 which vaporizes the
conpound 33 of the general forrmula (1) which is liquid, a piping 34 for
supplying the inert gas in the PECVD equi pnent chanber via the vaporizer, a
gas flow Gite peefecabdguifimenti®D khzclocdAfid dlitz f | sndr phetdlculalrdyi nsert
gas, and a shower head 31 for uniformly supplying the inert gas and the
gasi fied cppppepabdy @tomh2oofpRAULS 68)MHA,t Banchantiged.[ 0142] The conpound
represented by the general formula (1) is gasified using, for exanple, the
PECVD equi pggabjas 62 exenplified above, and supplied in the chanber,
according to need together with the inert gas, and is forned into a film

by FEOID | 1 (M gofasg Prgzsurg i”aéﬂﬁtﬁg‘a—%ﬁ?ae SPabREEL o2 RS 5, 000
Pa. [0143) Th r§ gnt in f|| é%“é%;k&k 1Ig51£'|”}agas aflow
dlelectrlcpéﬁﬁéFHﬁ? n Eé%@ﬂdlﬁ orf Q1 P @
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 is 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 contrecl equipment 30 which controls flow rate of
the 1insert 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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conditions, a filmhaving a dielectric constant of 2.0 or lower is
obt ai ned. Therefore, the filmcan be used as a |ow 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 filmhaving a cyclic siloxane
struct ur e exermpofioad abbue, hanidngsuwppilpi ¢l pon e thiez eclofmidemm atcbedsng
Further, pores are not continuous, a netal does not diffuse in the film

and the fiténhasdhi eBgaerBaniveédh Rhepehkires gad kirgh eatorrendusiitbos.
Ther ef or e, the filntis athinfilmespecially suitable as a |low dielectric

constant ngf & | ethel) L3k SYBEANCt o dRW Caitiah Ls. It IS

further prefera Ie that fi ormation’i s conducte condi tions

SO0 as not I C | gxa 6 traict ur e egcyclic

si | oxane 8%%%g%§£9%§9¥%%e Tgm%¥8&thgaae§§r§% o?%u # %Blﬁg? 6§én t he
above Si-contai ni filJmis su j cted t treatnent ul traviol et

i rradi ati of® r%%ﬁf%#ﬂbiN kﬁ@ﬂc t?%@ a porous thin filmor a

thin film _having inproved nechanlcal strength can be obtai ned. The

Si - cont ai nf®%23]1 'm havi ng been subjected to those

Thus, an Si-containing film is obtained. This film
has a low dielectrie 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 cyclic siloxane
structure may be a residual cyclic siloxane structure in
the cyclic 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 continuous, 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 c¢yclic siloxane
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treatnments in conbination is included in the scope of the present

i nvention. The thin film obtained by those treatnents is suitable as a | ow
dielectric constant insulating material. [0145] The Si-containing fil s
according to the present invention are all suitable as a |ow dielectric
constant material, and those filns can be used in a sem conductor device
as an insulting film In particular, those filns are suitable in the
product i onstfudt®te uginngtize nolriliay eriddxang econpruots . r¢desin tGid t hy
conpounds represented by the general formula (1) of the present invention,
parti cul artyetdenepapofiodmul £pepented by the general fornmula (20) is a
novel conmpound. Here, R18, R19, g and h are the sane as defined above. 64
Preferably[ofﬂﬁkis an al kyl group having from1l to 6 carbon atons, R19 is
an al kyl group having from1l to 6 carbon atons, gis 3 or 4, and his 1 or

2, and nore prefglaDl *Qis%gd}é ‘;S’.'ﬁh—ac!d%ajﬁio B30 T Al dr &t CF bon

atons, and R19 Is an grou avl ng 1 to 4 carbon -at ons. 147]
Speci f1C SHEIP! e300 e COMRAHIL T £B &8°n 801 18n 9L AL ™R (20)
electron ray treatment, a porous thin film or a thin film
having improved mechanical strength can be obtained. The
Si-containing film having Dbeen 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 low dielectric constant
insulating material.
[0145]
The 8i-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

RNy

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, RY™, RY, g and h are the same as defined above.
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trimethyoxycyclotrisil oxane, 2,4,6-triisopropyl-2,4,6-tri-

et hyoxycycl otri sil oxane, 2,4,6-triisopropyl-2,4,6-tri-n-
propoxycyclotrisil oxane, 2,4,6-triisopropyl-2,4,6-triiso-
propoxycycl otri sil oxane, 2,4,6-tris(methoxynethyl)-2, 4, 6-
trinmethylcyclotrisiloxane, 2,4,6,8-tetrakis(nmethoxynethyl)-
2,4,6,8-tetranet hyl cycl otetrasil oxane, 2,4,6-tris(ethoxy-

net hyl ) - 2, Br&feralmiy hyRPy dlsotan sillkylarnmoudy haBrihd efreki 3-to 6 carbon
(et hoxynet hyl ) -2, 4,6, 8-tetranet hyl cycl ot etrasi | oxane,

2,4, 6-tri s{tanpy opoXyuet hyt ) a2k4:16-groupt havdye of rém i | esare, casBon
2,4,6,8-tetrakis(isoproxynethyl)-2,4,6,8- tetranethylcyclotetrasil oxane.

[0148] Furibéms exgmkes idiclaideardd 461" 1S OtV Mibde preferably,
2,4,6-trinmethylcyclotrisiloxane, 2,4,6,8-tetrakis(mnmethoxy-

et hyl) -2, 456, 8-t qﬂﬁ&ﬂ%l t i e, 4,6-11LiS~
(ethoxyetﬁ@l)gf,%%%-trl t%%ﬁ%§c %??ﬁgi?gégné,%£¢£%§ééég% atoms, and
tetraki s(etfsoxyethyl );2.4,6,8-tetranet hyl cycl ot et.rasi L oxan

2 bt ry XS oh SRRk B obie, PavERE, BFR 8 Ho RRRn REoms
2,4,6,8-teié£kis(isopropoxyethyl)-2,4,6,8-tetranethy|- cycl otetrasil oxane.
[0149] The %ﬂ%les are descri bed below, but the invention is not |limted

by those Exanples in any way. Film thickness was neasured using an
interferonmetric $eeeifi¢eexamples of the compound represented by the

general formula (20} include 2,4,6-triisopropyl-2,4,6-
trimethyoxycyclotrisiloxane, 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-trimethylceyclotri-~

) 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-trig~-

(ethoxyethyl)-2,4,6-trimethyleyclotrisiloxane, 2,4,6,8-
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measur enent device, a product of Horiba, Ltd. D electric constant (k val ue)

was neasured using a nercury prober, a product of Four D nensions 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

conpound represented by general

magnesi um
under nitr

conduct ed

formula (10)] 26.7g (2.20 nol) of metallic

and 0.53 liter of dried tetrahydrofuran were charged in a 1 liter
f our - neckirtfakibk(etubxpeth X 12 A4 46 cppterdnmbkylaydlatetirasi hgxadeyi ce
ogen stream and cooled to OC. 187 g (1.00 nol) of 4-bronoanisole
was added 2ybpet el $ (i dderopdagktioyk) -5, hotr srivhe tley beyeiohgisRbaghhen was

at roomtenperature for 3 hours to obtain a tetrahydrofuran

66

sol ution fnd- @Impﬁywhﬂéitfalﬂﬁ@nﬂ§byﬂ&:§éﬁﬁéﬁl@ylﬂ3@ 9,6(8-982raRkkhot —net hyl
trimethoxysilane and 52.0 m of dried tetrahydrofuran were charged in a 2

liter four

dfﬁﬁgfgt£$§§fox§gg1pped with a dropping funnel and.a stirring

devi ce under nitrogen stream and cooled to OC. 1.00 nol of the

tetrahydrogg%gglsolutlon of 4-net hoxyphenyl magnesi um brom de prepared

above was

d" dropwise to the flask over 1 hour while stirring, and

reacti on was coqﬂﬂgtﬁd at.room

xamples are described below, but the invention

is not 1limited by those Exampleé in any way. Film
thickness was measured using an interferometric thin film
measurement device, a product of Horiba, Ltd. Dielesctric
constant (k value) 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. ig7 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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tenperature for 4 hours. After conpletion of the reaction, a nmagnesium

nmet 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 met hyl (4- net hoxyphenyl ) di met hoxysil ane as the desired product. The
yield was 52.6% [0151] Methyl (4- et hoxyphenyl)di met hoxysil ane isol ated was
anal yzed by 1H NMR, 13C-NMR and GC-Ms, and the followng results were

obt ai ned. d4tddFON 5083 panefisoxBrherB- Signddi kb prbriide 6H, 130H3gO Si ),
53.81 ppm (s, 3H, CH3-O-Ph), 56.93 to 6.94 ppm(m 2H Ph-H), 57.55 to 7,56

ppm (M 2th . &%p HholBCotlMretRY1 St BDRL thERy St 1an80akdPBR. 0CHI- ©@fSkkiedd- 2
ppm (CH3- O Ph), 5113.9 ppm (Ph), 6125.0 ppm 67 (Ph), 5135.8 ppm (Ph),

SIEL 2 PPLAEEl BRI L2 AT § D102 er POty ySIEL
e ) (4, TR R SLOBE TRVl a8y, £0.8 ORI R Vet
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(4-
methoxyphenvl)dimethoxysilane as the desired product. The
yield 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,
2CHs-0-8i), 83.81 ppm (s, 3H, CH:-O-Ph), §6.93
to 6.94 ppm (m, 2H, Ph-H), 067.55 to 7,56 ppm
(m, 2H, Ph-H)

PC-NMR; 64.8 ppm (CHs-Si), 50.7 ppm (CH3-0-8i), 55.2

ppm (CH;-O-Ph), 8113.9 ppm (Ph), 8125.0 ppm
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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 nolecular sieve, and after distillation under
reduced pressure, 2,4,6-tris(4-nmethoxyphenyl)-2,4,6-
trimethylcyclotrisil oxane was obtained as the desired product. The yield
was 11.3% and the conversion of nmethyl (4-mnmethoxyphenyl)di net hoxysil ane was
33.8% [0153] 2,4, 6-Tri 4P4)nebhdkyphpepml YPR) 4, 8161 i bephm| ¢phhotri - sil oxane
i sol ated was anal yzed by GC-MS, and the following .results were obtai ned.
GC- M5, Mw=498, @ZHNBDOdGI-21EXxampia02s10154] 68 [ Production of cyclic

si | oxane compound represented by the general fornmula (1)] 0.0141 g (0.0800
mol ) of ppdimgl umchloride and 20.5 g (640 mol) of nethanol were charged
ina 50 n Schlenk fl ask eqU|pped wth a stlrrlng devi ce and a dropping

f unnel 4, gﬂ;§ I
t et r amet hyfj%yc %‘%gf?%mc%xa e was Eggoé( reopvm sgoﬁpgm Fﬁgreé‘%&ﬁf'ng Yunnel
at room tengeégatlfrgomu a3?1m' nutes. After

21.2 g (100 mmnol) of methyl (4-methoxy-

phenyl)dimethoxysilane, 1.80 g (100 mmnol) of pure water,

9.81 g (100 mmol) of sulfurie acid and 20 ml of

: '
T

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-

trimethyicyclotrisiloxane was obtained as the desired

product. The vyield 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, C34H30s813
Example 2

[0154]
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conpl etion of the dropw se addition, the resulting mxture was stirred at
roomtenperature for 15 hours. After conpletion of the reaction, nethanol
was distilled away, Pd residue was filtered off with a glass filter, and
2,4,6,8- tetranethyl-2,4,6, 8-tetramethoxycyclotetrasil oxane was obtai ned
as the desired product. The yield by gas chromatography was 1.5%
2,4,6,8-Tetranet hyl -2, 4, 6, 8-tetranet hoxycycl otetra- siloxane isol ated was
anal yzed bpP£f3b0&siamdof heybbl bowstingxahes Wdnporrice wdprd swetted OBH5EheC- M5,
Mv=360, COH2408Si 4 Exanple 3 [0156] [Production of cyclic sil oxane

conpound represENt eermylageneral fornula (1)] 69 13.62 g (0.100 nol) of
met hyl trinmethoxysilane and 100 ml of toluene were charged in a 200 ni

Schi enk f1ask e Apedy 18 Nog@ i 0o oKL Eadlith S0 PRHBIHAN G sand

stirred, and tenperature was 80C. 1. pure water was adde ropw se

fromthe dgoppi,Ro._funnel at_80C over 1 1N Sy Alter et of the
dr opw se d%d?gﬁgnpq#4 ?Qéﬂ???%§°§i%F%Fb@ﬁé?iﬁ?r%%dguéggﬁgLeﬁFﬁxeﬁL

conditions_for. 2 hours. ter conpl etion_of . the reaction, toluene S
flask equgpped ﬁith a sEPrring device ang a dropp&ng funng%

and stirred. 4.81 g (20.0 mmol) of 2,4,6,8-
tetramethylcyclotetrasiloxane 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, methanol 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, CgH40s8i,
Example 3
[0156]
[Proeduction of cyclic siloxane compound represented by

general formula (1)]
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distilled away, and 2,4,6,8-tetranmethyl-2,4,6,8-tetra-

nmet hoxycycl ot etrasi | oxane was obtained as the desired product. The yield
was 4.6% and the conversion of methyl trimethoxysilane was 13. 8%
2,4,6,8-Tetramet hyl -2, 4, 6, 8-tetranet hoxycycl otetra- siloxane isol ated was
anal yzed by GC-Ms, and the followng results were obtained. [0157] GC- M5
Mnv=360, CBH2405Si 4 Exanple 4 [0158] [Production of cyclic siloxane
conpound represehd et by (APl mpdd iR Merhyde. rigngthexnel }ang and

| sopropanol and 0.740 g (0.80 nmol) of

chl orotri s{ooi pherfi pbokpénaeyehadidhargded et ea QI0ar gdd $ohheBO fitlhsBchl enk
flask equipped with a stirring 70 device and a dropping funnel and stirred.

48.1 g (0.84Quippbd @fitB 4 GSriLidgnabbybeyahat &f rasddPxaperwifcaddad
dropwi se fromthe dropping funnel at roomtenperature over 20 m nutes.

After co | of ﬂér%) ] dit .0y no-he | 1. ] r
stirred Hﬁ%g%k?ggbrgyaaﬁo re#%gl@%olﬁ |gt irboong:'f orf?%oérs& %‘tﬂé(rg ?g‘#% etion
of the reaction ' anol

o 1oy St B oARERRne! p1a, Shat Hhel AR ] 2t o LT
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 yield was 4.6%, and the conversion of methyl
trimethoxysilane was 13.8%.

2,4,6,8-Tetramethyl-2,4,6,8~-tetramethoxycyclotetra-

" siloxane iscolated was analyzed by GC-MS, and the following
results were obtained.

[0157]

GC-MS; Mw=360, CgH240551,
Example 4
[0158]
[Production of cyclic 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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the desired product. The yield was 54.9% [0159]
2,4,6,8-Tetranet hyl -2, 4, 6, 8-tetrai sopropoxycycl o- tetrasil oxane isol ated was
anal yzed by GC-Ms, and the following results were obtained. GC-M5;, Mv=472,
C16H400BSi 4 Exanple 5 [0160] [Production of cyclic siloxane conpound
represented by general formula (1)] 20.0 g (0.217 nol) of toluene and 2.4 g
of 0.01IN sulfuric acid aqueous solution were charged in a 200 mM  Schl enk
fl ask equidyedcai tihda =t droppgndeVviumaindand deivippterd). f uABell amd (St R2Or ed.
20.0 g (0.133 nmol) of nethyl (nmet hoxynet hyl ) di net hoxysi | ane was added

dropwi se méDM tHe d2 pPpé Y- fabRshe Bhyl 8981 C8RLARL UbRaAREr whsM AdHed. 71
After conpletion of the dropw se addition, the resulting m xture was

stirred atdf&é&cﬂléé”?%ﬁt ¥he RbppiRQUittmrill &t FOAR! ebhBAretuthecieaction,
tol uene was distilled away, and

obt ai hed 520 ETRERRT oqerh it tod 4 EOTCANbAYR. aah i8R RET o

- i i 0,
met hyl - ( ”Eég‘gﬁ{fﬁéhyﬂxgwg t hv?aig Slslt%.r:}:efre\gis u% e%:ﬁ i %]15?:]6 ancl reflux

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

J) 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, Ci1gH400s814
Example 5
[0160]
“} [Production of cyclic siloxane compound represented by

general formula (1)]

20.0 g (0.217 mol} of toluene and 2.4 g of 0.01IN
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.
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2,4,6,8-Tetraki s(nmet hoxynmethyl )-2,4,6, 8-tetranet hyl - cycl otetrasil oxane

i sol ated was anal yzed by 1H NVMR, 13C-NVMR 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 CH2Si) 53.34 to 3.36 ppm(m 12H, 4CH3-O CHZSi)
13CG-NVR; 6-2.2 ppm (CH3-Si) 662.9 ppm (CH3-O CHZSi) 665.8 ppm (CH3- O CHZSI )
GC- M5, Mn=416, Cl2H32C8Si 4 Exanple 6 [0162] [PECVD film formation using
cyclic silAear compbehiionr gyt ethat daoppigencrddii foemul &hel)tesulting
2,4,6-Tris(4-met hoxyphenyl)-2,4,6-trimethylcyclotri- siloxane synthesized in
Exanpl e 1 miastdnd nedoraedrosd aat 7Pocn | tampesabste afer u3i hgukbe capaertively
coupl ed PECVD equi pnent shown in Fig. 1. The filmformation conditions

vere that GnIOObIaSE Athd Ned W8 o192t d BusSiP Phd £ i pd + 101 e§ CaRAY Y aRAAI Zed
2,4,6-tris(4-methoxyphenyl)-2,4,6- trinethylcyclotrisiloxane was conti nued

nder { he e 15 one Thar SRR AR AL ¢ e Ban @B vl otr e
power is %Qe raiasnid.l.olglc:ar%) WehsS OB a?ir];er.c? 94€"%he desired product. The
vield was 15.3%, and the conversion of methyl-
{(methoxymethyl)dimethoxysilane was 61.2%.
[O0l161]
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; §0.17 to 0.19 ppm (m, 12H, 4CHs-Si)
83.04 to 3.07 ppm (m, 8H, 4CH3-O-CH,Si}
$3.34 to 3.36 ppm (m, 12H, 4CH;—-O-CH,Si)
13¢-NMR; §-2.2 ppm (CHs-Si)
862.9 ppm (CH3-O-CH,Si)

865.8 ppm (CHs~O-CH,Si)

\W‘/

GC-MS; Mw=416, Ci,H3;08Si4
Example 6
[0162]
[PECVD film formation using cyeclic 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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Is 13.56 MHz. As a result, a filmformation rate was 4.3 rimmn, 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 formula (1)] J PECVD thin filmwas obtained in the same manner as in
Exanpl e 6, except that 2,4,6,8-tetranethyl-2,4,6,8-tetra-

met hoxycyelidtiebnas sibsamrateyntubéagzethén dxpapl idelms cs@ledn FREM@e of
2,4,6-tris(4-methoxyphenyl)-2,4,6-trimethyl- cyclotrisiloxane. As a result,
a filmfoeaptiptentatehovas iA2r8gr.i .M Nthang; tinelFReinaita O NSsd tidnyal ue)
was a value of 2.6. Mechanical properties were that rigidity is 1.36 GPa

and Young, Pt b LoeeCRie 12 BATRLEA LMOML SHBECYDY Wi igrmtion

using cyclic siloxane conpou represente _ PECVD
2 4.6, 51 SBrot hyl - SRCRLES T o 3 SPanAY AT ORI TN EREE Gyl hesi zed
'n Exanpliiiﬁg¥%yfg§% Jé}ﬁﬁngiéﬁézﬁéé(%Sﬂﬂf%‘t&“%é"ﬁ%ﬁ%f?yQSéﬁLé%§¥
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 cpnstant (k value) 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 wusing c¢yeclic siloxane compound
represented by general formula (1)]

PECVD thin film was obtained in the same manner as in
Exampie 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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trimethylcyclotrisiloxane. As a result, a filmformation rate was 11.2
nmmn, and dielectric constant (k value) was a value of 2.4. Mechani cal
properties were that rigidity is 1.1 GPa and Young's nmodulus is 17.1 GPa.
Exanmple 9 [0165] [PECVD film formation using cyclic siloxane conpound
represented by general fornmula (1)] PECVD thin filmwas obtained in the sanme
manner as in Exanple 6, except that 2,4, 6, 8-tetrakis(nethoxynethyl)- 2,4,6,
8-t et r anetB¥HRRA® A et r asi | oxane synthesized in Exanple 5 was used in place
of 2,4,6-tris(4-methoxyphenyl)- 2,4,6-trinethylcyclotrisiloxane. As a
result, a fdléd] formation rate was 6.8 rimmn, and dielectric constant (k
val ue) was a value of |.B. Mechanical properties were that rigidity is 1.6

GPa and Youwrgrvp nogiims EsrRdtiofPausifgCommaiiatd vesﬂ@fmh@ leohfdéhd PECVD

thin filmwas obtained in the sane manner as in Exanple 6, except that

2,4,6, 8- te}ﬁ’@%g}ygé‘d/o&pt ﬂ@raﬁlf%@amﬁgl Csed in place of

2,4,6-tris( hoxyphenyT)- 2,4,6-tri nmet yclotrisiloxane. As a result, a
film formtiong rfof“lnl?rﬂ: ob@é&%é’#eili‘r”%ﬂécs&ﬂ&%gﬂﬁe&kasvi‘k“e) was
a value of 2.9. chani ca proper | eSS  Were t ha

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-trig{d-methoxyphenvl)-2,4,6-

R——

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 9

[0165]

[PECVD film formation using 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 5 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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rigidity is 1.1 GPa and Young's nodulus is 10.7 GPa. [0167] Wile the

I nvention has been described in detail and wth reference to specific
enbodi ments thereof, it will be apparent to one skilled in the art that
various changes and modifications can be nmade therein w thout departing
from the spirit and scope thereof. This application is based on Japanese
Patent Application (Patent Application No. 2005-023256) filed January 31,

2005 and Japweesdifst dxamids ilcati on (Patent Application No. 2005-349432)
filed Decenber 2, 2005, the entire contents thereof being hereby

I ncor por at[@dds] reference. Industrial Applicability [0168] The present
I nvention can provide a novel material 75 for formng Si-containing film

especial ly a mapgcval tham FilnPWal Hslitdd GoD St tsdms Uhathas 451 Th
containing a cyclic siloxane conpound suitable to PECVD equi prent, and

further RSO r?in & ang S| -qéfm,_fé:%gn ng}%%ltl mzufsd g, é%é@ﬁﬁe@@l@ycf@ﬁéﬁf’é‘ﬂum or

devi ce cont ai g those CLAI'MB

siloxane was used in place of 2,4,6-tris(4-methoxyphenyl) -
2,4,6-trimethylcyciotrisiloxane. 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 réference to specific embodiments therecf, it will be
apparent to one skilled in the art that warious changes and
modifications can be made therein without departing from
the spirit and scope thereof.

This application is based 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

[0168]

The present invention can provide a novel material
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[I'] Amaterial for formng Si-containing film characterized by containing a
cyclic siloxane conpound represented by the follow ng general formula (1)
[Chem |I] 1 An ( R/2n Si X0 (1) (In the fornmula, A represents a group
containing at | east one selected fromthe group consisting of an oxygen
atom a boron atomand a nitrogen atom and R represents a hydrogen atom
or a hydrocarbon group. nis 1 or 2, and x is an integer of from2 to 10),
further characterized in that Ain the cyclic siloxane conpound represented
by the gé€oer EbrmangulSa-contasnangalfkdny gspeeiad 1y lsamabemreduform

al koxyaryl group , an al koxyal kyl group, an al kyl am no group, a

di al kyl anlea dielpct@icakyndtant dheulatdnd dilimBohTaigliionp,a adydliky| boron
group, or an al koxyboron group. [2] A production nethod of an Si-containing

film chagagh@hhaeddipbditid GdiabLIBNES | BECTB' ofRl PlBatS weRNtALMIH il m as

claimed in claiml as'a raw material, further characterized in that film
formation_i zanducted oy P VAPEY, i tiQn. Th odpyction
met hod aspgﬁgﬁﬁgd %%lcﬂ%%ln , ?ﬁ%} terized ?%Pﬁﬁatkﬁﬁe E%hghi%gﬁivg%or

deposition _is a _plasma enhanced chem cal por osition. [4] An
Si-contaiﬁ?ﬂ@cPPBHF%EWa il ﬁggtﬁﬁnﬁgﬁhéﬁﬁﬁ%%&ﬁgﬂﬁby t he production
nmethod as clainmed in claim2 or 3, further characterized by containing a

cyclic siloxane structure in the cyclic siloxane conpound represented by
the general formula (1).
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77 [5] A cyclic siloxane conpound, characterized by being represented by the
follow ng general formula (20) [Chem 2] R18 0 HROh Ris Si0 9 (20) (In
the formula, Res represents a hydrocarbon group, and R O 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.). [6] The cyclic sil oxane conmpound as cl ai ned
in claimb5, characterized in that the conpound represented by the general
formula (20) is 2,4,6-triisopropyl-2C44MEri met hoxycycl otri sil oxane,

, 6-trijisoprqpyl -2.4, 6- triethaoxycyclo-trisiloxane : .

o tr S opr airigiat Br Brieg R e fubb iy i EHsrized by containing

r cydapribppine 204y @rurtd rdpropsapdbycyted ollbivdng @easeal formula (1)

riéf‘emat quymat hyl)-2,4,6- trimethylcyclotrisil oxane,

- t et iki (met hoxynethyl ) -2,4,6,8-tetranethyl- cyclotetrasil oxane,

ri s(ethoxymethyl)-2,4,6-trinethylcyclotrisil oxane,
-tét,ﬂ(a i s{ ephokynet hyl)-2, 4, 6, 8-tetramet hyl cycl ot etrasi | oxane, 2,4, 6-
i sopfrop hyl/) 22, 4, 6-trimethyl cyclotrisil oxane, 2,4,6,8-tetrakis-

, 6,8-tetranet hyl cycl ot etrasi | oxane,
1) -2,4,6-trinmethylcyclotrisiloxane,
ethyl)-2,4,6, 8-

m‘—"?w'_'"'_"

t hoxy- e

(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 atom or a hydrocarbon group. nis I or 2, and x is an
integer of from 2 to 10),

further characterized in that A in the cyclic siloxane compound rvepresented by
the general formula (1) is an alkoxy group, a silanoxy group, an alkoxyaryl
group , an alkoxyalkyl group,

an alkylamino group, a dialkylamino group, an arylamino group, a diarylamino

group, an alkylboron group, or an alkoxyboron group.

[2] A production method of an Si-containing film, characterized by using the
material for forming Si-containing film as claimed n claim 1 as a raw material,
further characterized in that film formation is conducted by a chemical vapor

deposition.

(3] The production method as claimed in claim 2, characterized in that the

chemical vapor deposition i1s a plasma enhanced chemical vapor deposition.

[4] An Si-containing film, characterized by being obtained by the production
method as claimed in claim 2 or 3,
further characterized by containing a cyclic siloxane structure in the cyclic

siloxane compound represented by the general formula (1},



tetranet hyl cycl otetrasil oxane, 2,4,6-tris(ethoxyethyl)-2,4,6-trinethyl-
cyclotrisiloxane, 2,4,6,8-tetrakis(ethoxyethyl)-2,4,6,8-tetranethylcycl o-
tetrasil oxane, 2,4,6-tris(isopropoxyethyl)-2,4,6-trinethylcyclotrisiloxane
or 2,4,6,8-tetrakis(isopropoxyethyl)-2,4,6,8-tetramnethylcycl otetrasil oxane.
78

[5] A cyclic siloxane compound, characterized by being represented by the

following general formula (20)
[Chem. 2]

18
RN
0

(H oC
h

(20)

(In the formula, R!8 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.).

(6] The cyclic siloxane compound as claimed in claim 5, characterized in that
the compound represented by the general formula (20) is 2,4,6-triisopropyl-2,4,6-
trimethoxyeyclotrisiloxane, 2,4,6-triisopropyl-2,4,6-triethoxycyclo-trisiloxane,
2,4,6-trisopropyl-2,4,6-tri-n-propoxycyclotrisiloxane, 2,4,6-triisopropyl-2,4,6-
tritsopropoxycyclotrisiloxane, 2,4,6-tris(methoxymethyl)-2,4,6-
trimethyleyclotrisiloxane, 2,4,6,8-tetrakis(imethoxymethyl)-2,4,6,8-tetramethyl-
cyclotetrasiloxane, 2,4,6-trislethoxymethyl)-2,4,6-trimethyleyclotrisiloxane,
2.4,6 8-tetrakis(ethoxymethyl)-2,4,6,8-tetramethylcyclotetrasiloxane, 2.4,6-
tris(isopropoxymethyl)-2,4,6-trimethyleyclotrisiloxane, 2,4,6,8-tetrakis-
(isopropoxymethyl)-2,4,6,8-tetramethylcyclotetrasiloxane, 2,4,6-tris(methoxy-
ethyl)-2,4,6-trimethylcyclotrisiloxane, 2,4,6,8-tetrakis(methoxyethyl)-2,4,6,8-
tetramethylcyclotetrasiloxane, 2.,4,6-tris(ethoxyethyl)-2,4,6-trimethyl-
cyclotrisiloxane, 2,4,6,8-tetrakis(ethoxyethyl)-2 4,6,8-tetramethylcyclo-
tetrasiloxane, 2.4,6-tris(isopropoxyethyl)-2,4,6-trimethylcyclotrisiloxane or
2.4,6,8-tetrakis(isopropoxyethyl)-2,4,6,8-tetramethylcyclotetrasiloxane.



