6 August 2005 TI TLE OF THE | NVENTI ON:  STABI LI ZERS TO INHI BI T THE

POLYMERI ZATI ON OF SUBSTI TUTED CYCLOTETRASI LOXANE BACKGROUND OF THE

| NVENTI ON [ 0001] Silicon dioxide filnms have been used for sonme tine in the
fabrication of integrated circuits (1C) for sem conductor device

manuf acturing. There are many 5 exanpl es of the preparatiAUGESELRIP t hin
films of Si02 in the open and patent literature. See, for exanple, the
publ i cations of the Schumacher G oup, Air Products and Chem cals, Inc.,
e.g. User's Guide For: dass Deposition wwth TEOCS , and Extrerra(r)

Low Pressure Deposition of SiOPITE DRBHEOISN\IEN?HICDN: 10. TEGS3 and The
Deposition of Silicon Dioxide Filns at Reduced Pressure4. There are

numerous journal ar STABSIZERE TOMNSIBYRITHRIP XE\H fFor the
ep05|

deposition of Si0 2 and e plqgt-'g S|ted using such
t echni ques$"9 15 [0002] Ear?y SI 5'36‘? rlfsd.i\:%re by CVD oxi dation

of silane (SiH4). New source materials were needed in order to maintain
- good step coverage as sub- ?x‘di k8 Cﬂ?ﬂ Eeﬁ! devi ces were
devel oped. Filns deposi tedB rom ?e{) Et'ﬁg}gﬁm (TEOS) show
superi or 8 rties co ared to SiH47 TECS i s considered an
i ndustry i@gﬁm%ﬁ%ﬁﬂ% ‘?‘g?'mﬁg\%\%@%ﬂw Faloatsopme dimasiinpthe fatercationaof
volatile li gw d, .providi r&g for efficient vapor -1 6 August 2005 delivery
and generéﬁ' grated Gircuin diG)gr semicendisstpy dewibemanufacturinger Thereeare pranyi des
~a significant safety advantage over silane. It produces dielectric filns
5 examples of the preparataon of such thin films of SiO, in the open and patent
literature. See, for example the publications of the Schumacher Group, Air
Products and Chemicafs, inc., e.g. User's Guide For: Glass Deposition with
TEOS', and Extrema® TEOS (Tetraethyl ‘Orthosilicate) Product Data Sheet®.
See also, Modeling of Low-Pressure Deposition of SiQ; by De_cofnposition of
10 TE_OS3, and The Deposition of Silicon Dioxide Films at Reduced Pressure®.
Thgr'e are numerous journal articles that review various CVD techniques for the

deposition of SiO, and the properties of thin films deposited using such

techniques®®,

15 [0002] Early SiO, 'ﬁims’were deposited by CVD oxidation of silane (SiH;). New
- source materials were needed in order to maintain good step coverage as sub-
micron patterned electronic devices were developed. Films deposited from
tetraethylorthosilcate (TEOS) show superior step coverage préperties compared

to SiHs/. TEOS is considered an industry standard source for the CVD

20 preparation of Si0,. TEOS is a volatile liquid, providing for efficient vapor




wi th ‘excellent electrical and mechanical properties suitable for many
devi.ce wmanufacturing applications. 5 [0003] The chem cal

1,3,5, 7-Tetranet hyl cycl ot etrasi | oxane (such as TOMCATS(r) sil-oxane

avai |l abl e from Schumacher of Carlsbad, CA) is under devel opnent as a new
source material for the CVD preparation of Si02 glass10"BAugysiIOEsS type
siloxane is a high purity volatile liquid precursor chenmical that is 10
speci fi caldaliveBsiante ganersheiasey of Hardiingi cat idenanpgrophotice arehithersfor, or
device manufacturing industry. Like TEOCS, TOMCATS type sil oxane can be

used for prbeideSearisiplifivaitosafdapagiantafectva dries angrotred GbRRIRS filAs
various dielectric filmapplications such as trench fill, interlevel

di el ect i GittpahReRBfk ERAlicA b MedHhnidll WiPRHi! Tibdhe 3hP A vAKIRgeS

because of . 1ts non-pyrophoric an nonc S1 Ve

boi l'i ng pg‘i]nt % oé_' ?I'OVCATSq%iyﬁe sil oxane and TEOS are 135C and 168C,
respect i vEIIUFRGIIHIGARPICANORS | ity of TOMCATS type siloxane allows it to

be delivered at |ower tenperature or with higher efficiency at conparable
temper@ture. Its deposition rate is 10 times that of TEOS at 600C, with a

ang ot i 1006Y TR RelhBRE ¢ B sl ot b tonbipibbidlite {HauS ot ng

filmsll- 1@_)@@%&4} én general, SIiQO2 filns deposited from TOMCATS type
si | oxane ATS@xeilaxaaes: avatzbini tam Sahuanachan ohiCaishasht CAQ. isTuader | ns

are dense with low -2 6 August 2005 carbon content and refractive index
T o e eSS 0 Brapaaionol S0 el o

' TOMCATS type siloxane is a high purity volatile liquid precursor chemical that is

10 specifically designed to satisfy the critical demands of tﬁé semiconductor device

manufacturing industry. Like TEOS, TOMCATS type sifoxané can be used for

~ the chemical vapor deposition of glasses and doped giasses for various dielectric

film applications such as trench fill, interlevel dielectfic; gate and thick oxide?. It

provides similar safety advantages becaﬁse -of; its _non-pyrobhoric . and

15 noncorrosive nature. The normal boiling points of TOMCATS type siloxane and

TEGS are 135°C and 168°C, respectively. The higher volatility of TOMCATS

type siloxane allows it to be delivered at lower temperature or with higher

efficie.ncy at comparable ‘temperature. lts deposition rate is 10 times that of

TEOS at 800°C, with a depositidn efficiency 3 times that of TEOS? ltis su'pe‘rior

20 to silane and similar to TEOS in the conformality and step coverage of the

resulting films*™'2,

[0004] In general, SiO, films deposited from TOMCATS type siloxane exhibit

excellent mechanical and electrical properties. The films are dense with low

-0.



(LPCVD) and as a liquid injection source for plasma enhanced chenical vapor
deposition (PECVD). The later nethod utilizes plasmas rather than thermal 5
energy to pronote chem cal reactions. TOMCATS type sil oxane PECVD is
typically run at | ower tenperature than LPCVD (400C vs. 500-600C). [0005]
Despite these advantages, TOMCATS type sil oxane has exper iGAugdst 2004 t ed
‘acceptance as a CVD source for the manufacturing of sem conductor 10

devi ces. Qaebah sashtant agred ofefidIAT ihdespevaiidoxen@phasables tb NEicriidll byidw.t h
respect to polynerization 13 when exposed to certaln chem cals or process

condi tion ] ' i : t | : I S
CVvD procez-s0 Mg;fnr % %E%%%ahs@[%%qyg t@p‘gwsxls%os%gﬁ% cg%@%@ﬁ%‘%@%&ésﬁéﬁ
catal yzed d_or a t ha been observed in the present .inyention
xpor | montE o EDGRE aslgs'wi IEEIPT SOLER 101 DS erpashed Tt Biselyapese
Exanpl es 9-11 bel ow {/0006] Pr ol onged heati ng of TOMCATS type sil oxane '
(Exanpl e @ppO/lieNal BYen Wi lateexpethatentitirzes plasmae patberdnan nthenmiabn
to pronote polynerization. The degree of polynerization can be very mnor,

accound i ngnémy 4ol proseoter she@iicdlerddesions. a TENCATS tpdesiloRing FBEVD is
condi tions of prolonged exposure to elevated tenperature or to certain

aci ds or by RS Aéﬂér?é BetAIRS {H=H | BEVA %09"@0%”50([@96"& jng ina
hi ghly VISCOUS I|qU| or ge contal ning over by wel ‘ol i gomeric
or polynmeric material. -3 6 August 2005 [0007] Several references in the

prior art relate to the stabilization of siloxane. H rabayashi et al.
teach t he[ogos]oDerpitel ﬂq@s@eaé(faﬁ#éb'%édq OM@?’GTS)'tyﬁGeﬁFoxah% hak ad% ér?éhc.%d

m xture conprising an aliphatic unsaturated grolp, containing a
or ganopol ik gxane A9 U BNAY urdSYE TR HBRLFINA Sr SORiGhRRIANUM
10 devices. One disadvantage of TOMCATS type siloxane is its instability with
respect to polymerization’ when 'exposed fo cértéin cherﬁicals or process.
conditions. This rt_asults in a lower volatility Iiduid or gel that creates CVD process
handiing issues. TOMCATS type siloxane polymerization is catalyéed -by acid or

- base.. It has been observed in the present invention experimentally to be

18 - particularly sensitive o exposure to bases (see Examples 9-11 below).

{0006] Prolonged heating of TOMCATS' type siloxane (Exémple' ‘f)‘ has also
been shown experimentally in the present inventién to promote polymerization.
The degreé of polymerization can be very r_ninor, accounting for_only se\(eral
20 tenths of a percent. Under more severe conditions of prolonged exposure to
elevated temperature or to certain acids or bases, substantial polymerization will
occur, resulting in a highly viscous liquid or gel containing over 10% by weight of

oligomeric or polymeric material.



5 group catal yst. Those inventors teach the use of the triazine or sulfide
agent to give a mxture that is stable and resistant to premature gelation .
at room tenperature and thus providing extended storage stability. [0008]
Lutz et al. 15 disclose the use of di- and trihydrocarbyl phosphi nes which
10 act as curing inhibitors for conpositions conprising: @Auguitss(d5

radi cal s; é& conpounds contai ning silicon-bonded hydrogen atons (e.qg.,
TOMCATS t)ié TkiSeverakleferantesan theppraei admelateup thet stabiization xf. sibxaneet
at claimthat the inhibitor functions-by conplexing with the platinum

catal yst Hirabayasbi iet alfdcteavh tHeoussubPenueRLingUbl Riifide TBoh@O0ALehtt o
simlar patent, Chalk76 teaches the , use of acrylonitrile type “conpounds

that redu i VA nl at rel t .
copol yrer Cot 1 2 it BombARirty 2 BARER: AiSusiee I8y cHfyeing 4 o
al . 17 praopose the.use of an ethyl enical urated isocyanurate which
functi ons OFQF%PHQW&%%%QHR&OWWW@&%C&M%JTm&&%c%m%}@Kan?e%a@ﬁ ﬁaﬁaum
curabl e organopol ysil oxane conposition stable to premature gel ation. 6
August® 20a5uf catelystEntivosa inventars teeals ihe tusesoflhiel trizaineoar stiifide agent to
cycl osi | oxanes, such as TOMCATS type sil oxane through the use of | to 20

vei ght % give polmyixetirey bl yesidtonlanend sesibtamd to premature gelation at room
1,1,1,3,5 5, 5-heptanethyl trisiloxane. 5 [0012] The patent references cited

al | teachtérﬁﬁeﬁﬁﬁréjéné!ﬁmé)gﬁay\ﬁdéﬁgt&tér{b@d %i’%ra §tdm er or another inhibit

t he polynerization or co-p rtfzation o si'l oxanes for various
applications in the silicon rubber industry. None of them specify or
suggest applications as polynerjzat[on inhibitors for CVD sources in the
sem condufgops]devit< et ERTalesd Be UBEWTdY and trihydrocarbylphosphines which
10 act as curing ihhibitors for compositions comprising: "(1) alkeﬁyl radicals; (2)
compounds containing silicon-bonded hydrogen atoms (e.g., TOMCATS type
siloxane); and (3) a platinum group metal catalyst. Lutz et al. claim that the
inhibitor functions by complexing with the platinum éataiyst rendering it inactive

for subsequent curing.

15 | . :
[0009] In a similar patent, Chalk™ teaches the use of acrylonitrile type

compounds .that reduce the activity of the platinum catalyst deterring the

copolymerization of various mixtures of polysiloxanes.

20 [0010] Berger et al. "7 propose the use of an ethylenically unsaturated
Isocyanurate which functions in a like manner to deactivate the Pt catalyst

rendering a curable organopolysiloxane composition stable to premature gelation.



10 BRI EF SUMVARY OF THE | NVENTI ON [0013] The present invention is a process
for stabilizing a substituted cyclotetrasiloxane agai nst polynerization
used in a chem cal vapor deposition process for silicon oxides in

el ectronic material fabrication conprising providing 15 an effective anount
of a neutral to weakly acidic polynerization inhibitor to &AugussdGQut ed
cyclotetrasil oxane having the following fornula: RL R5 6 August 2005 where
R17 are id804iluandy etlakt &d teacm the gtabilizationsiost cygosiloxariisogench aas
normal , branched or cyclic . Cl 10 al kyl group, and a Cl.4 al koxy group.

The pr ocERGMGAT 8! 3gpé neligganst abidughatihen uéd hop fr el r adi Gabigheavengsr -
5 [0014] The present invention is also a conposition of substi tgt ed

Vhpor - depel TR dhahe s sAlf oB LOR B SeftaBR I afec Cot roni

material fabrication, conprising; (a) a substituted cyclotetrasil oxane
having the followwng formula: RL 11,' Si-O ./JRR 11 R3 S 0 10 15/

\O-S( 5 [0012] The patent references cited all teach the use of various agents that in
pne manner or another inhibit the polymerization or co-polymerization of
polysiloxanes for various applications in the silicon rubber industry. None of them
specify or suggest applications as polymerization inhibitors for CVD sources in

| the semiconductor device manufécturing industry.
10
BRIEF SUMMARY OF THE INVENTION
[0013] The present invention is a process for stabilizing a substituted
cycllotetrasiloxane against polymerization ué,ed in a chemical vapor deposition
pfoc;as_s for silicon oxides in electronic material fabrication Comprising providiﬁg
15 an éffective amount of a neutral t'd Qveakly acidic polymetrization inhibitor to a

substituted cyclotetrasiloxane having the following formula:

R‘l
H
\Sli—o R?
/ AN
‘ 0 Si o
. l I \Rs
T~si 0
/ \O—Si/
R® '\ R
RS



R R4 RS where R17 are individually selected fromthe group consisting of
hydr ogen, a normal, branched or cyclic C7_10 al kyl group, and a Cl.4

al koxy group, and (b) a neutral to weakly acidic polynerization inhibitor.
The conposition can also include a free radical scavenger. DETAILED

DESCRI PTI ON OF. THE | NVENTI ON [ 0015] The cheni cal 6 August 2005
1,3,5 7-tetranethyl cycl gt etrasi |l oxane, (such, as TOMCATS(.r). _siloxane

avai | abl e MO naRARAM TG T ERtRd oA Ihe ‘ool aesstinecl BR8P, & he
chemi cal deReshkHO f..Si eglgoyd i 0

manuf act uﬁiaﬁg.éi’TOVCA?%Htg'b(gg}s!@ o(%é1r?eé$ | ?ﬁé'ﬁénﬂ‘g gnggéoéélsg% ti gﬁ b;/l'he
sen conduptamesdensrcalsodancliide tstalslizaticor with e fise aadieBl sca@ngeors for Si02 -6
6 August 2005 because of its ability to formhigh quality filns with

excel l ent electronic and nechanical properties. TOMCATS type siloxane is
known § 0 pjaTe e niSURNERTEA LR Ccxisendsd BEHIcRANA falinsktfitedpon
exposure to cértaln Chem cal s. n thi's rnvention I scl ose the use of
various additives.that inhibit the.5 polynerization of .TOVMCATS .type

il oxane. CYolatelERloKERR Stabiited @gain RRvTErZalian Vsed & 2, S0RMCAE: YARON ¢
pKa val ues ranging from4.88 to 14.15. -The | ow concentration of the, .
additi ve @eresifion BIQPeSSi 8andl Precyiact fonesitern apxXides oiuelectpnict materdal | s
it anticipated to have a negative inpact on the critical properties of the
resul ti nofabricatiopy cdonpeidinyy (YR sdbstituted cyclotetrasiloxane having the following

formula:
R
" H [ )
| \Si—o R2
/ ./
O Si
. | I\Rs
T~sgj /o
6/ \o—Si
R r?
10 R

where R"™ are individually selected from the group consisting of hydrogen, a
normal, branched or cyclic Cy.10 alkyl group, and a Ci4 alkoxy group, and (b) a
neutral to weakly acidic polymerization inhibitor. The composition can also

include a free radical scavenger.
16 '

DETA'ILED DESCRIPTION OF THE INVENTION
[0015] The chemical 1,3,5,T-tetramethylcyclotetrasitdxane (such as TOMCATS® -
siloxane available from Schumacher of Carisbad, CA) is used as a precursor for
the chemical ‘vapor deposition (CVD) of SiO, for semiconductor device
20 manufacturing. TOMCATS type siloxane is currently under evaluation by

semiconductor device manufacturers for use as a CVD precursors for SiO:

-6 -



[ 0016] Therefore, an object of the present inventionis to elimnate or
inhibit the polynerization of TOMCATS type sil oxane under typical CVD
process conditions. These TOMCATS type sil oxanes - include substituted
cyclotetrasil oxanes of the formula: RL H" Si-O\S/ | RZ R~ I I \R3
R6 \o-s / o\ R4 15 RS where R1-7 are individually sel e® Adgfisictidche
group consisting of hydrogen,: a normal, branched or cyclic Cl.10 al kyl

group, anbeaa®sl & koxabilityotp fofAORIgh dbaktyi Sirsonatl xeetbnt keedtrmiofand
additives that inhibit the polynerization of 20 TOMCATS type sil oxane

under Conmédh%%élgﬁbpéﬁ}&sq e NRA DS ft@/é’rsﬂoxa?n@ i \KBBRIn %% 6}/r'man ze when

p0| yneri zati on esent 1 nvention nonstrates that ce ditives
T exgagfgu@g@g td QQt'e%'dE'dnﬁerD S8 BPhb AL M updhdkeiufe To e mA Sl aeals.
In this invention we disclose the use of various additives that inhibit the
5 polymerization of TOMCATS type siloxane. The effective additives are either
neutral or weakly acidic with pKa values raﬁging from 4.88 to 14.15. Therlow
concentration of the additive does not significantly impact the overall product
purity, nor is it anticipated to have a negative impact on the critical properties of

the resulting ﬁlm_s produced by CVD.

10
[0016] Therefore, an object of the present invention is to eliminate or inhibit the

polymerization of TOMCATS type siloxane under typical CVD process conditions.
These TOMCATS type siloxanes include substituted cyclotetrasiloxanes of the

formula:

15 R’
where R are individually selected from the group consisting of hydrogen, a
normal, branched or cyclic C1.4 alkyl group, and a C44 alkoxy group. '

f0017] This is done through the use of additives that inhibit the polymerization of
20 TOMCATS type siloxane under conditions that would normally favor

-7-



gl ycerol, acetic anhydride and 1,1,1,5,5, 5-hexanethyltrisil oxane.
Inhibitors contenplated by the present invention include: R-diketones,
such as 5 RC(O CH2C(O R ; aliphatic carboxylic acids or dicarboxy acids,

- such as RCOOH or HOOC -(CH2)n -COOH in which 1 5 n <_ 8; phenols, such as
C6R(6- n)(OH)n in which 1 <_ n <_ 5; polyols, such as CHBAGBXSIROIDX, in
which X = Hor OH but at least one X = OHand 1 < n <_ 8; anhydri des,
such as ReMyNEration. CTOe- PHaent anvbntiynddedusisiatendhat certam asiditives are
R3Si-(OSiR2)n-0SiR3, in which 0 < n 10 5 8. R, as used above, is

i ndi vi duakyctrl 8€nesbif ;gggowﬁeﬁiéw,%%gila;% Q,gﬁgﬁtan%rwenheéaﬁoae 4294 mal

i
branched or cyclic Cl1.1 group. [O arative data are al so

nopt amet HOVERTy raseiie tRRecnll: fd SR herahaibhishosape . histors

pol ymeri zati on when present at concentrations well below that described in
the pri orcentempdatethelde Horii presentadeverdiarecinclusiey chérdiketonesedsyehndst r al
to weakly acidic. The additives identified herein contain only carbon,
oxygers, REGOYOERCHDIRsIdliphatic aarboxytibeatilst @r diasebotylichacidd,oxsanks as
which give rise to volatile deconposition products such as H20 and CO CO2

in the CVRoSORess HEBCE eBSH hh®hWHt£Vrﬁa%t3fE§eB§%?%dcﬂ B¢ CiRe

F—t@er_ X
effective at (Pow enough H‘(5:0 Centrations, such t y do not

significantly inpact the overall purity of _ T t si | gxan August
2005 [ 0001 FmdBiWRIShA <dud % RRKOls ol ﬁatGH%@@i&X@ vg*vab@%ajﬁ ffcan
al so be added to the substituted cyclotetrasil oxanes. TOMCATS type

si | oxanesObt but atiesstione Xo= @Blgad dt< el e Btaavhyteidper stch @s. RCEMIATH-Oype
sil oxanes react w th oxygen form ng oligomeric and pol yneric species at

eybon’ CROLERIR, oy dfodBbfidldtles! Uit BRSO SIR,) OIS FRhidi 6L °
10 < 8.R, as used above, is individually selected from the group consisting of

hydrogen, and a normal, branched or cyclic C1.1p alky! group.

[0018] Comparative data are also included (Example 8 and Table 1) which
e'stablish‘that 1,1,1,3,5,5,5»heptamétﬁyltrisiloxane is‘én effective additive. that
15  deters polymerization when presenf at concentu;atioﬁ's well below that described
in the prior art *®. These additives are collectively characterized as neutral to
weakly acidic. The additives identified herein contain only carEon, oxygen,
hydrogen and silicon, as in the latter case of the siloxanes, which give rise fo
volatile decomposition prodﬁcts such as H;gO and CO/CO; in the CVD process.
20 Furthermore, the additives were found to be effective at low enough
concentrations, such that they do not significantly impact the overéll purity of

TOMCATS type siloxane.



t he oxidizing gas in plasma enhanced chem cal vapor deposition (PECVD)
processes for the deposition of SIQ2 filns from TOMCATS type sil oxane.
These scavengers work by deterring chem cal reactions that proceed by a
free-radical reaction pathway. The free radical scavengers contenpl ated as
Q2-stabilizers 10 are 2 6 dl-tert but yl - 4- rrethyl phenol (& Aegirstt
butylhydr&xgtolueneg - tetramethyl -1-pi pe ridinyloxy (TEMPO),
2-tert-buttd HeRIERDah agg;t@essc@@stttumg yiree sapieal SGEMENGETS, can mepyhe
ester 3,4,5-trihydroxy-benzoic acid, 2-(1,1- dinethylethyl)-1,4

- benzenediadded b pvensupsituydd ychoiatetrasilekdrest - POMCATS: ¢irod silbxanes are
nmet hyl ani | i ne, p- met hoxydi phenyl am ne, di phenyl am ne,

ct adecyl - 3ph3itifedo- &8y en Pte}’%\saﬂéd hﬁﬁ{é@&(ﬂf? 9y I YORORTS ;;6’safo‘?<’ah§§'n%act

(methylene " (3,5-di-te uty roxy- hydrocl nnanat hane

phenot hi azi.ne donoj_sour eas t.hi odi et hyl ene

(3050 ai - Uy By ¥W99r G i€t WSpgratyres equal to
tert-butyl -4-hydroxyhydroci nnanoyl ) hydrazine, Iris

(2- met Byl Oh igaiesdhan QL. dbipig §ngﬂrfwt)be§auaa@xy@§m:sccqmw@ﬁu sEedas ay|
bi s (octadecyl phosphite), 4,4'- thiobis (6-tert-butyl-mcresol),

2, 2' - met hythe nmbidizing6-gasr in mlasdn-apanmsacé&l, cloeraliodl vapor deposition (PECVD)
(benzyl i denehydr azi de) and naturally occurring ant i oxi dants such as raw

seed oi | grocdieak fBetHe %Pos&a%omsr@; ﬁln%“ﬁoﬂﬂ‘?‘BM AT n%g}@ﬁoxl@%Smt the -

To attain the object of e present 1'nvention to e

Condi 1 ongcavehdis Wfﬁ?@w@' GFER BGort e Bresety A BHESTRUGR! o
Coet 15 miERIOROPaIYAA: & Feentdiet! SPIRagom CanmTIBBIgsb A D SLaRTEA S hat

- woul d typi callg occur over a nore protracted period of tlrre Thi s test,
whi ch1@ onére tZ6-ofi-tentbodylwymetbplapbenol (or BHT for butylhydroxytoluene), 2,2,6,6-

tetramethyl-1-piperidinyloxy (TEMPO), 2-tert-butyl-4-hydroxyanisole, 3-teri-butyl-
4—hydroxyanisole,, propyl ester 3,4,5;trihydroxy-benz6ic acid, 2-(1 ,1f
dimeth'ylethyl)j‘l,4-benzenedio[, diphenylpicrylhydrazyl, 4-tert-butylcatechol, N-
methylaniline, p-methoxydiphenylamine, diphenylamine, -N,N’-diﬂhenyl-p-
15  phenylenadiamine, p-hydrowdiphenyiaﬁine, phenol, octadecyl-3-(3,5-di-tert-
butyl-4-hydroxyphenyl) propionate, tetrakis (methylene _(3,5-di-tert—butyl)-4;
hydroxy-hydrocinnamate)‘ 'methane, phehot_hiazines, alkylamidonoisoureas,
thiodiethylene, bis (3,5,-di»tert~bUtyI-4-hydroxy—hydrocinnamate, 1,2,-bis (3,5-di-
tert-butyl-4-hydroxyhydrocinnamoyl) hydrazine, tris (2-methyl-4-hydroxy-5-tert-
20  butylphenyl) butane, cyclic neopentanetetray! bis (octadecyl phosphite), 4.4'-
thiobis (B-tert-butyl-m-cresol), 2,2’—methyienebis (6-tert-butyl-p-cresol), oxalyl bis
(benzylidenehydrazide) and naturally occurring antioxidants such as raw seed

oils, wheat germ oil, tocbpherols and gums.



quartz anpoul e of TOMCATS type siloxane to el evated tenperature for 5 days,
Is .referred to in the present docunent as the "accelerated aging test".
These 10 conditions are understood to be considerably nore severe than
TOMCATS type siloxane would be subjected to in a typical CVD process. In a
typical accelerated aging test, the anpoule is | oaded wi thABgestZSy of
TOMCATS type siloxane.and possibly an additive to inhibit polynerization.
The TOMCATS type siloxane/additive mxture is cooled in a liquid nitrogen

bat h. The e 15 at nosphere gbove the T TS ¢t si | oxane is, cyat ed
for 5 m nRUASY Tk aBRBL R Obied ohia Breshid dnuenion do elRbAts oIt | ng
a hydrogen/oxygen torch. The_sealed anpoule is placed in an oven and held
at 120C f pplymerigation ahEOMBATSdype silexane undadtypical dDtprocess conditioom
tenperature. Its contents are analyzed by gas chromatograph (GC) to ‘

neasur e t hestdedues labor st nRas ZRitalishedOOdth] thEhéntéadrofeagdelerating the
pol yneri zation is nmeasured quantitatively by GC. This technique is very

sensi tg Venbﬁnﬁfgﬁ@ﬁ%ﬁgﬁﬁ &Bﬁéés.gmhgopé’é@éﬂa@& ia@fh@?es‘%‘ié %@%‘%rﬁt?to 9%}&@%

formati on of cular “wel speci es ‘W nger re lon U1 NEsS
-10 6 Augyst 2005, than the rent TOMCATS. type.silo e. k. TOMCATS type
51} oxane HA-PE watTeh of carBanal helymier Aatiogy hats Wt BRuHIR, bonyt oret.a
i nspection are not routinely run on the GC. The oligonmeric or polyneric
si | oxanesMasadProbactad pedediafl imeonThisi test. ewhigh eansists refr gxpasing 2osesled GC
colum due to their low5 solubility and low volatility. Such sanples are
qual i t at i geantz deypouleed TIOMORTS typessiltixanevierglevatet dehpesaigre fdeb dapanis10
wt . % pol yner, consistent with previous observations. ' .
referred to in the present document as the “accelerated aging test”. These
10 conditions are understood to be considerably more sevére than TOMCATS type
siloxane would be subjected to in a typical CVD process. In a typical accelérated
aging test, the ampoule is loaded with 3.0-7.0 ml of TOMCATS type siloxane and
possibly an additive to inhibit polymerization. The TOMCATS type
siloxane/additive mixture is cooled in a liquid nitrogen bath. Then, the
15 atmosphere above the TOMCATS type siloxane is evacuated for 5 minutes. The
neck of the quartz ampoule is subsequently sealed using a hydrogen/oxygen
torch. The sealed ampoule is placed in an oven and held at 120°C for 5 days.
The ampoule is removed and allowed 1o cool to room temperature. Its contents

are analyzed by gas chromatograph (GC) to measure the degree of

20  polymerization.

[0021] The degree of polymerization is measured quantitatively by GC. This
technique is very sensitive to detecting the onset of polymerization as evidenced

by the formation of higher molecular weight species with longer retention times

-10-




[ 0022] The pol ynmerization of cyclical polysiloxanes is known to be
catalyzed by 10 either acid or base. Laboratory observations suggest that
t he pol ynerization of TOMCATS type siloxane is particularly sensitive to
exposure to bases such as ammonia (NH3) or ammoni um hydroxi de (NHAOH). The
result of exposure of TOMCATS type siloxane to base is déb&ug&&kﬂﬂ&ﬁ

ow boncelEatnBnPRiEe 1HIMBATS H¥e 1 Bleecpesb. ai TOMPRTS ips Sloxane

pol ymeri zation. Wakly acidic additives, with pKa val ues ranging from4.88
to 14. 15 sapplemtnadiarg dmternmmedctomeoﬂdggbmsmsm\/ommuqlpespentioasmreenot
polynerization. This is illustrated in Exanples 2-4 and 6. Simlarly,

acetic aniydinetie runhioahthe GeMt r Fheoligbmticd-drapelypsgvie. sit@naks gerdhoan to
i nhibit polynerization as shown in Exanple 5. The additives were generally

20 found f

(0. 01- 0. 1'8'%“%?3'9@( mh%‘@*@%@%%@@éﬁ?ﬁf%ﬁé of e S e Hg BB Tow o
not si n|f|c act t overa ur|t of the.c cal rela

The add 139G Snd FRE oratlibur SuthsRurples ae Gkitemvay “Sesarhsh i thegen
that is believed to have a detri mental i npact on the quality of the_

resul ti ngPfesent investiomie havei greater than1t CB\NAﬂ/gmymeo&or@ﬁemf/ wih pravionss

i nvention formsolutions with TOMCATS type sil oxane at the tested
concent r aphhsmrsatidonms.addi ti on, these additives are not anticipated to have a
detrinmental inpact on the overaII CVD process by virtue of their
concentration and their chem cal and physical characteristics. 5 Exanple
1. Blank [0023] In general a one or two blanks (additive-free TOMCATS type
si | oxane)[0022] The polymerization of cyclical polysiloxanes is known to be catalyzed by

10  either acid or base. Laboratory observations suggest that the polymerization ef
TOMCATS type siloxane is particularly sensitive to exposure to bases such as

~ ammonia (NH3)} or ammonium hydroxude (NH,OH). The result of exposure of
TOMCATS type suloxane fo base is described in Examples 9-11. In general,
additives Wthh are neutra[ to weakly acidic in low concentration were found to be

15 effective at inhibiting polymerlzatlon Weakly acidic additives, with pKa values
ranging from 4.88 to 14.15 substantiaily minimized the degree of TOMCATS type
siloxane polymerization. Thfs ie illustrated in Examples 2-4 and 6. Similarly,
acetic anhydride, which is neutral on an ecid-base scale, was also shown to

~ inhibit polymerization as shown in Examplefs., The additi\)es were generally

20 found to be effective over the concentration range of 100-1000 ppm (0.01-0.10
%). This additive concentration is low enough such that it does not significantly
impact the overall purity of the chemical relative to the additive-free source
material. None of the additives contain nitrogen that is believed to have a

defrimental impact on the quality of the resulting CVD films. The additives

11 -



were run for every set of stability experinents described in this

i nvention. 10 Several different batches of TOMCATS type sil oxane source
material were used. For the sake of clarity, all the results fromthe

bl ank experiments were included in this exanple. The volune of the

anpoul es used for these tests was typically 80- 90 nl. Thé AugustZQepoul es
were routinely cleaned by rinsing with distilled water, then wth reagent
gr ade acedeseribethén thissiedentipobra selutioms adtd TOMGAT Q Gype \silogaoeeat e
175C for a mnimumof 4 hours. The dry anpoul es were renoved fromthe oven

and used wite® cohtbhtrtfiémd. ¥ Gubitrilithese HAMHYES drthfobahitipaRd RS Raveaded

I nto each anpoul e. Teflon valves were attached to the open end of the

anpoul es, TS type sil ox 0 . ' Sj d of
he ampoLfiSLrINE! MEERLBa HRE pBbaT G FRE0p T diite s WEICh RSB ER
anpoul es by subjecting themto vacuumfor 5 mnutes. The anpoul es were
seal ed at hth&heiechemical@nd PhyyricRicNesaGigERNSSr ch. The seal ed anpoul es were
pl aced in a nitrogen-purged oven held at a constant tenperature of 120C
for 53ays. After 5 days the anpoules were renoved from heat and all owed
to cool to roomtenperature. If the sanglc_a weke deened to be highly -12 6
August 2005 viscous or solid by %X8G® %:@@B ion they were not anal yzed
by GC, but instead they were assigned a degree of polynerization of ">10
w.%" The value of > 10 wt.% was based on GC anal ysis of previous sanpl es
t hat had [09@8]gbmegeaeraiarioner ov twoddanks (additiesdreeAJOMCATS &y pidxana)s
not carried out for extensively 5 polynerized sanpl es because high |evels

of pol ynejetengpd fdo dvehe et SbPlstabigNeapbhfients heeddhbeal Wimthisl AvéehtRTK

TOMCATS type sil oxane sanples described in this exanple showed an increase

I'n pojgy ”eéé@llail, Bﬁférgﬂ%ﬁﬂ:hfegodp TOMCATS type siloxane source material were used.
For the sake of clarity, all the results from the blank expérimeﬁts were included in

this examplg. The volume of the ampoules used for these tests was typically 80-

80 ml. The quartz ampoules were routinely cleaned by rinsing with distilied
water, then with reagent grade acetone. The rin‘sed'ampoules were placed into a

16 drying oven at 175°C for a minim'u.r;ra of 4 Hours:' -The dry ampoules ‘were
removed from the oven‘ and used while still warm. 3.0-7.0 ml of TOMCATS type
siloxane were loaded into each ahpoule. Teflon valves were attachéd to the
open end of the ampoules, and the TOMCATS typé siloxane was cooled by
immersing the end of the ampoules into a liquid nitrogen bath. The éir was
20 rerhO\}ed from the ampbules by subjecting them fo vacuui'n'for 5 rr_iinutés.' The
ampoules were sealed at the neck using a hydrogen/oxygen torch. The sealed
ampoules were placed in a nitrogen-purged oven held at a constant temperature

of 120°C for 5 days. After 5 days the ampoules were removed from heat and

allowed to cool to room temperature. If the samples were deemed to be highly

-12-




0.18 t%to >10 wt.% The results are sumarized in Table 1. 10 Exanple 2:
Spi ke of- 100 ppm of 2, 4-pentanedi one [0024] In a typical experinent 0.50
mcroliters of 2,4-pentanedi one was added to an anpoul e previously cleaned
and dried as described in Exanple 1. To this anpoule 5.0 m of TOMCATS
type siloxane was added, taking care to rinse down 15 any & 2dgesf4005

2, 4-pentanedi one. liquid that renai ned adhered to the inner wall of the
anpoul e. VikeousTposbhd thyugispakpepedticnthey mede TGRSy 280 bysGLCoantdnsigath
100 ppm by vol ume of 2, 4-pentanedi one. The anpoul e was seal ed and heated

for 5 damegtwér%%sﬁgné@écdéd}éé dfpdRrRBREStidn of fene W%k, NOTHEe&itikad e 10

change in the viscosity, color or clarity of the TOMCATS type sil oxane

sanpl e by, l.SU LQs | | g1 0 h c d
gt pgt oot o et Blesbl BT S r A of e ERER SHnplb it Balr G EIgERE e,
tests were gone,on 3.0 M to 7.0 m _ _sanples of TqVCATS pe, si | oxane

spi ked wi ¥ @0@!8,95'&%@?@6%rﬁ%o@gn%nnﬁmaiwawp Pﬂ”lﬁ&tﬁ%@@’&%‘\@%s
no detectable visible changes in the sanple -13 6 August 2005 after

testi Bg. pRigerigedpsampidoveetausei highedsels nobgojyreer Zanded tarigeversibigm
no increase to 0.35 w.% The results are sunmarized in Table 1. Exanple 3:

Spi ke of ddi@mirarecthe?. deprepluanedi ahe BIdMOITIMOATS typecsiloxaitiersamslesS. 0
mcroliters of 2,4-pentanedi one was added to an anpoul e previously cl eaned

i SRR U bar BTN 40104 ROt vl

armoul 6. DFRE bt AONRE. ol S SR AR S TR FeRATSBS de si  oxane wi th

10 | Example 2: Spike of 100 ppm of 2,4-pentanedione

[0024] iIn a typical experiment 0.50 microlite_rs of 2,4—pentane_<1ione was added to
an ampoule previously cleaned and dried as described in Example 1. To this
ampouie 5.0 mi of TOMCATS type siloxane was added, taking care to '_rin'se down
15 any iésid'ual 2,4-pentanedione iiquidlthat remained adhered to the inner wall bf
the 'ampoule. The ampéule thus prepared contained TOMCATS type siloxane
with 100 ppm by volume -of 2 4-pentanedione. The ampoule was sealed and
heated for 5'days at 120°C as described in Example 1. There was no detectable
change in the viscosity, color or clarity of the TOMCATS type siloxane sample by
20 visﬁal inépeb‘tion after the cbmplétioh of the éccerierated égiﬁg teét és conﬁhéréd
to the pristine sample prior to testing. Similar tests were done on 3.0 m! to 7.0 m|
samples of TOMCATS type siloxane spiked with 100 ppm of 2,4-pentahedione

additive. |n each case there was no detectable visible changes in the sample

-13-




1000 ppm by vol une of 2, 4-pentanedi one. The anpoul e was seal ed and heat ed
for,5 days at 120C as described in Exanple 1. There was no detectable
change in the viscosity, color or clarity of the TOMCATS type sil oxane
sanpl e by visual inspection after the conpletion of the accel erated aging
test as conpared to the 15 pristine sanple prior to testi fgAUSHSEAUIS tests
were done on 3.0 M to 7:0 mM sanples of TOMCATS type sil oxane spiked with
100 ppm ofafter fegieny. afibds@sampiesishowed amircmedse is polyhvezrization ramgig fotrabl e
visible changes in the sanple after testing. These sanples showed an

i ncrease ng iRGIQEERItbZRBE R, %a%éﬂeém@rﬁre%ujfﬁm\éhz%’@ﬁﬁﬁb?@1Wt % The
results are summarized in Table 1. Exanpl e 4: Spike of 100 - 1000 ppm of

1- hexanoi ¢ acid [0026] 0.70 n1croI|ters and 3.0 mcroliters of 1-hexanoic
acid were added to each of two anmpoul es previously cleaned and dried as

described in Exanpl eElxan%ﬁeZ’: Osplkedst (DPppin & 2 EQEMEBetidpR Si | oxane were
added to each of these -14 6 August 2005 anpoules respectively, taking

care t® rinse down residual 1-hexanoic acid liquid that remai ned adhered

oncars ¢ 24 1 yeldhT eRBROHIERE 5 8 ioRME S fobEniaRbAREE al Rt

1- hexanoi c acid, respectively. The anpoul es were seal ed and heated_for, 5
days at 120@@9054&95@f&\b@@sfyrf:@ra@ﬁina@dldnerﬁ@%dﬁé@l&b% iy &o@nes & charfgiss
in the viscosity, color or clarity of the TOMCATS type sil oxane sanple by
visual i aoyede 60 afitof TOMEATS e sitoxarke was added)| taking dasgtongnse dowas
conpared to the pristine sanple prior to testing. The GC data showed an

;Pf;i:ﬁ g résl@@étymtpéﬁhheaudﬁfe (@8 thit Yermathed Bdhuteddd Phe t.ﬁ@eﬁ WA Shiey pe

10 ampoule. The ampoule thus prepared contained TOMCATS type siloxane with

1000 ppfn by volume of 2,4-pentanedione. The ampoule was sealed and heated

for 5 days at 120°C as described in Example 1. There was no detectable chénge

in the viscosity, color or clarity of tﬁe TOMCATS type siloxane sample by visual

inspection after the completion of the accelerated aging test as compared to the

15  pristine sample prior to testing. Si}ﬁiiar tests were_-d.'one' on 3.0 mI o 7‘.0_m|
samples of TOMCATS type si!oxaﬁe spiked with 100 ppm of 2,4-pentanedione

“additive. In each case there was nd detectable visible changes in the sample

after testing. These samples showed an increase in polymerization ranging ffom

0.11 wt.% to 0.30 wt.%. The results are summarized in Table 1.

20 |
Example 4: Spike of 100 - 1000 ppm of 1-hexanoic acid

[0026]' 0.70 microiiters and 3.0 microliters of 1-hexanoic acid were added to
each of two ampouies previously cleaned and dried as described in Example 1.

25 7.0 ml and 3.0' ml of TOMCATS type siloxane were added to each of these

14 -




10 sanpl es spiked with 100 ppm and 1000 ppm of additive, respectively.
Results -are sunmmarized in Table 1. Exanple 5: Spike of 100 - 1000 ppm of
acetic anhydride 15 [0027] 0.50 microliters and 5.0 microliters of acetic
anhydride were added to each of two anpoul es previously cleaned and dried
as described in Exanple 1. 5.0 ml of TOMCATS type sil oxarfeAugestdiffd to
each anpoule taking care to rinse down residual acetic anhydride liquid

t hat remnemaPledcespectivalpetaking carentd tings dowd eagidualcbhexanciengeidiligeid hus
prepared contai ned TOMCATS type 20 siloxane with 100 ppm (vol.) and 1000

ppm (vol . hatf rencsined adiredi @ethe imRasill vélthe afpoakeouTee ampoukaatias and
heated for 5 days at 120C as described in Exanple 1. There were no

det ect abl BrabaaS b SWICATS e dikahe 9fi? 10!t ol fEnd Q0T Sphy Pe

si | oxane by visual Inspec e Cco i‘on

accel erated i.ng_test .as ¢ ared.to the pristine sample -15 Augqu 2005
o ror o et hexaiai Bekf TBSee el Lie Bang UES vere sealed dol HERKA ol
concentration. The GC data showed an increase in polynerization of 0.08

w. % %o 0.dmysvat Y20°6F astiespobedris Exameplei 1.oXasee warpl g defsatablevshangeso

ppm of additive; and an increase in polynerization of 0.14 w.%to 0.38

W . % for imthebvisCbEIYl Tdlymer gldridx anhthe NONICA T s slivtanel 88mhphkp iyofisual
additive. The results are sunng¥ized in Tabl e fﬁﬁgxanple 6: é%?ke of 100

pom of 9l aBeiort &lePBlechnLugh ok Ind oBbieralid S5 8L BL YRRl e

to an anpou previously cl'eane ‘ _ 5.0
oo T Mithe | ¥RROR | SASN S0 B8aiETe 1 18 UMSUROWRY "h CRLRedst hoe
| polymerization of 0.08 wt.% and 2.84 wt.% for the TOMCATS type siloxane
10 samples spiked with 100 ppm and 1000 ppm of additive, respectively. Results

are summarized in Table 1.

Example 5. Spike of 100 - 1000 ppm of acetic anhydride

15 [002'7j 0.50 microliters and 5.0 mif:ro[iters of acetic anhydride were added fo
each of two ampoules previously cleaned and dried as described in Example 1.
5.0 m! of TOMCATS type siloxane was added to each ampoule taking care to
rinse down residual acetic anhydride liquid that remained adhered to the inner
wall of the ampoules. The émpouiés thus prepéred contained TOMCATS type

20 siloxane with 100 ppm (vol) and 1000 ppm (vol) of acetic anhydride,
respectively. The ampoules were sealed and heated for 5 days at 120°C as
described in Example 1. There were no detectable changes in the viscosity,
color or clarity of the TOMCATS type siloxane sample by visual inspection after

the completion of the accelerated aging test as compared to the pristine sample

-15 -




gl ycerol liquid that remained adhered to the inner wall of the anpoule. The
anpoul e thus prepared contai ned TOMCATS type siloxane with 100 ppm (vol.)
of 15 glycerol. The ampoul e was seal ed and heated for 5 days at 120C as
described in Exanple 1. There was no detectable change in the viscosity,
color or clarity of the TOMCATS type siloxane sanpl e by V6 Auglst2}fecti on

after the_conpl efiqn of he accel erated agi,n est as_conppared.to the

ot ot ne RERH“laetBe’ Thess FEER et teSeRbd biBhe fork e s, Sehite

pol ynerization of 0.12 w.% for the 20 TOMCATS type sil oxane sanples spi ked
with 100 gpnsesttrafiom. t The GOrdatashawed anriscraasgdni plymienization of ..omrs& e
7: Spike of 1,1,1,5,5,5- hexanethyltrisiloxane -16 6 August 2005 [0029]

3.0 microlo 083G wa 130 tie TIOMOATS tpde bildxdnd saniplbs epiraschwithr 1 00! ppra raf
wer e added to each of two anpoul es previously cleaned and dried as

descr i beo'ade{i(iﬂvéxéﬁ'ﬂl &n Jncréalen %iyﬁ%‘%ﬁgpt %fp?‘f? g«ﬁ?@gﬁh‘ﬂ% Bk ahgach

anpoule taking care to rinse do

exanethyl £ L si e li.quid that 5 renai phe ed to t Jnn | | ..Qf
the ampoul MCARE Bhetfane sttt igs spiast K i, Bom ehpdiie oy Jhelfeshe
wi th 1000 ppm and 10,000 ppm (vol.) of 1,1,1,5,5,5-hexanethyltrisiloxane ,
respect i v@Bysummargegonl @bladre seal ed and heated for 5 days at 120C as
described in Exanple 1. There were no detectable changes in the viscosity,
color or clarity of the TOMCATS type 10 sil oxane sanple by visual
I nspection after the co etiqgn of the gccelerated agipg test as conpared
to the pristine sanple pF mﬁ%sﬁegﬁlf‘ﬁ@ @Qfa&'@eggﬂowed an increase in
pol ymeri zation of 0.20 w.% and 0.66 w.% for the TOMCATS type sil oxane
sanpl es spi ked with 1000 ppm and 10, 000 ppm of

10 [0028] 0.61° mg (0.48 microliters) of glycerol was added to an ampoule

- previously cleaned and dried as described in Example 1. 5.0 ml of TOMCATS
typé siloxane was added to the ampoule {aking care to rinse down residual -
glycerol quu'id that remained adhered to the inner wall of the ampoule. The
ampoule thus prepared contained TOMCATS type siloxane with 100 ppm (vol.) of

15 glycerol. The ampoule Waé sealed éﬁd heated for 5 dé'ys at 120°C as described
in Example 1. There was no detect-éble change in thé viscosity, color or clarity of
the TOMCATS typersiloxane samplé by visual iﬁspeétion after the completion of
the accelerated aging test as combared to the pristine sample prior to testing.
The GC data showed an increase in polymerization of 0.12 wt.% for the

20  TOMCATS type siloxane samples spiked with 100 ppm of additive. The results

are summarized in Table 1.

Example 7: Spike of 1,1,1,5,5,5-hexamethyitrisiloxane
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additive, respectively. The results are summarized in Table 1. 15 Exanple
8. Spike of 1,1,1,3,5,5,5-heptanethyltrisiloxane [0030] 0.30, 30 and 150
mcroliters of 1,1,1,3,5,5,5-heptanethyltrisiloxane were added to each -of
three anmpoul es previously cleaned and dried as described in 20 Exanple 1.
3.0 mM of TOMCATS type siloxane was added to each anpoul e 6 AuRuUsIE@Hre to
rinse down residual 1,1,1,3,5,5 5-heptanethyltrisiloxane |iquid that

remai ned piz®ed.0 anidrsliter endvedd rﬁ‘crdlhersaaspouhe*ss 5] Bshexmmostheitrisiorxane
prepared contai ned TOMCATS type siloxane with 100 ppm (vol .), 10 000 ppm

(vol.) anﬂlpﬁé) agﬁgng@éc\hO{Jf %@gﬂq#lés ?péw uél'y@@éﬁé@%l%l Elﬁé&' sOdédi®ibed

respective AUgus es’were seal ed and eated for 5

it hZ‘tv.léS% 33[3?068?1'&35@%% PR TorBNBATES SHHEC 1A saanc SBAIRS by

vi sual |nspect|on after the conpletion of the accelerated aging test as
conpar ed takingheape itet fimse <own eesidust 1t 11%85-hexarpethydtrisiioxane liguishéatan
i ncrease in polynerization of up to 0.33 w.%for the TOMCATS type

si | oxane gan@ined aghkersy bt thd henéd itinentthenarhdcaled.s The adaboules. thus
Results are surrmarl zed in Table 1. [0031] Exarrpl e 8 is a conparative

exanpl € | BrefirCl ASEHATOIMEATRI WS Lo R @g@o'ﬁrﬂnoaﬁd% B0835pHne ©

TOMCATS t oxane spi ked wth ous eveI S

(5% ﬁfo@i Em'}’eq TS Bhpramel GBI | FRep e Mop! t%yEBP?e%?lvg%‘i?ne

| s effective at . inhibiting polynerization at concentrations below the 1
. % | omeated]ancbhaatmbfortﬁ/ deya @t k20°g1as described in Example 1. There were

no detectable changes in the viscosity, color or clarity of the TOMCATS type
10 siloxane sample by visual inspection after the completioﬁ of the accelerated
aging fest as compared to the pristine sample prior'to testing. The GC data
showed an Encredse in polymerization of .0.20 wt.% and -0.66 wt.% for the
TOMCAT-S type siloxane samples spiked with 1000 ppm and 10,000 ppm of

| additiiie, respectively. The résults are summarized in Table 1. | _

15 _
Example 8: -Spike of 1,1,1,3,5,5,5-heptamethyltrisiloxane

[0030] 0.30, 30 and 150 microliters of 1,1,1,3,5,5,5-heptamethyitrisiloxane were
added to each of three ampoules prewous!y cleaned and dried as described in
20 Example 1. 3 0 ml of TOMCATS type s:loxane was added to each ampoule
taking care to rinse down residual 1,1,1,3,5,5,5-heptamethyltrisiloxane liquid that
remained adhered to the inner wall of the ampoules. The émpoules thus
prepared contained TOMCATS type siloxane with 100 ppm (vol.), 10,000 ppm

(vol.) and 50,000 ppm (vol.) of 1,1,1,3,5,5,5-heptamethyltrisiloxane, respectively.
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15 Exanple 9: Spi ke of ‘15 ppm and 150 ppm of anhydrous ammoni a [ 0032] Two
100 mM Pyrex Schlenk flasks equi pped with side arns and stopcocks were
connected to a vacuum|line. The flasks were thoroughly dried by heating 20
intermttently with a hydrogen/ oxygen torch while pulling a vacuum on the
flasks through the side arns. The flasks were isolated ffoftigust 208uum
line by closing the stopcock valves on the side arns. 5.0 ml of TOMCATS
type sil okdeampsulesnweos weeded ara deatedffot fe deyasiis 180°C e dasenbedtin a
syringe through the rubber septumon the top of the flask. The two fl asks

wer e backExdamprd1WTHerdwerd e elatectable Shahgatsin theOAsEmsity, @ofdrredlarity of

pressure. 0.10 mM and 1.0 m of anhydrous anmonia gas were introduced into

each of t ) ' T y,

o1 1 oxane 181 1EMGATR Toe SIxahd SeEnp Y UsEBRIBRsSaTh R tne GBI
The fl as were al loywed.to,stand at roomtenperature for 24 hours. 5.0ne ml
al i quot sktB? aesaierated \aging itesh s Camprarede i W’ﬁgﬂ?e%ﬂfﬂp PFIRE O BStM9-asks
by syri n\%EGI‘IIZ hours and 20 hours after the beginning of the test. The four
sanpl 8s & Ghadataeshawed@n ncteass m polymernizatiamof e o I0ydd Mt 4t iositheThe
sanpl e of TOMCATS type sil oxane spiked with 15 ppm of NH3 showed increases

in pol ymeTOMGADE 8fped sllidkane dsdmpRl apikeid withodhe afodedi@ntioned, levels of
respectively. 10 The sanple of T TS type siloxane spiked with 150 ppm of

NH3 Sho"‘%diﬂi\fé{r R@§Eﬁ? "Lﬂpe FgHﬁ%ﬁi&&H f?b%H 0.10% and 0. 17% after 2 hours

and 20 hours, respective e results are summari zed in Table 2. Exanple
10: 15 Sil oxane/ 100 ppm of 2, 4-pent anedi one spiked with 15 ppm and 150 ppm
of )

[0031] Example-s is a comparative example in which accelerated aging tésts are |
10 carried out on a sample of TOMCATS type siloxane spiked with various levels of
1,1,1,3,5,5,5-heptamethyttrisiloxane ranging from 100 ppm to 50,000 ppm (5%)
by weight. This éxample illustrates that the hebtamethylt_risiloxane is effective at
inhibiting polymerization at cpncentrations-below the 1 wi.% lower Iirﬁit claimed
by Endo et. al 8.

15
Example 9: Spike of 15 ppm and 150 ppm of anhydrous ammonia‘

[0032] Two 100 mi Pyrex Schienk flasks equipped with side arms and stopcocks
were clonnected to a vacuum line. The flasks were thoroughly dried by heating |
20 intermittently with a hydrogen/oxygen torch while pulling a vacuum on the flasks
through the side arms. The flasks were isolated from the vacuum line by closing
the stopcock valves on the side arms. 5.0 mi of TOMCATS type siloxane was
introduced into each of the flasks by injection with a syringe through the rubber

septum on the top of the flask. The two flasks were back-filled with dry nitrogen
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anhydrous ammoni a [0033] Two 100 ml Pyrex Schlenk flasks were dried by
heating on the vacuum |ine as described in Exanple 9. 0.5 mcroliters of
2, 4- pent anedi one was added to 20 each of the flasks using a 1.0 microliter
syringe. 5.0 ml of TOMCATS type siloxane was subsequently introduced into
each of the flasks by injection with a syringe through tfeAREESe400ept um
on the top of the flask. The TOMCATS type siloxane was added in such a
manner t o g@ssior emttient presisdeml (210-meandredirohef anhyd tousr amghdryiar gass aeréown
fromthe sides of the flask. The two flasks were _19 6 August 2005

back-fil | datradtdedintoncbeRIEN R IwO flagks eNThe kel thud plepatedtdntaifed!
of anhydrous ammoni a gas were introduced into each of the two flasks. The

type | si 1 oA R BSO8R L BBl o BP B GHR bY weRAC T
nour s, - OndeMeaiNEof 56 HREKE WaTRaHlead b aRd L pOTHETTRRr WA Iel vy nge
2 hours and 20 hours after the beginning of the test. The four sanples

wer e ahal yrel nlyalQuots ofl FMEIANS typee sibotanet wefe parhpwed iftrahieach Fhitheshvpl e
of TOMCATS type siloxane spiked with 15 ppm of NH3 showed 0. 08%

pol yner i zflaske byf §\@inge DHoies aitd 20 Houws Sftet hé BBRHIhY O ¥he ThSt. STRBIfBUPT
TOMCATS type siloxane spiked with 150 ppm of NH3 showed 0.07% and 0. 09%

polyrer gl s G Watemine GERERER B HoTHETE AR LTI,
15 0034] sg'mopléT1 of %ﬁ@)ﬁ@%&g gi?bxsainleogﬁggd \cﬁt% {agl SS% ttmp chsmo%eé }I\t%rga é)su' ©s
| in poiymerizatiqn of 0.11% and 0.18% after 2 hours and 20 hours, respectively.
10 The sample of TOMCATS type siloxane spiked with 150 ppm of NH; showed
increases in po!ymerization of 0.10% and 0.17% after 2 hours and 20 hours,

respectively. The results are summarized in Table 2.

. - Example 10:
15 | Siloxane/100 ppm of 2,4-pentanedione spiked with 15 ppm and 150 ppm of

anhydrous ammonia

[0033] Two 100 ml Pyrex Schlenk flasks were dried by heating on the vacuum
line as described in Example 9. 0.5 microliters of 2,4-pentanedione was added to
20 each of tﬁé‘ﬂaéks- ﬂsing a 1.0 microliter syﬁngé. 50 -n'-;l of TOMCATS type
siloxane was subsequently introduced into each of the flasks by injection with a
syringe through the rubber septum on the top of the flask. | The TOMCATS type
siloxane was édded in such a manner to ensure that residual 2,4-pentanedione

was thoroughly rinsed down from the sides of the flask. The two flasks were
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previously cleaned and dried as described in Exanple 1. Each of the
anpoul es. was equi pped with a side armcapped with a rubber septum The .
TOMCATS type sil oxane sanples in the anpoul es were cool ed by subnersion'in
a liquid 20 nitrogen bath. The air was renoved fromthe anpoul es by
exposing to vacuum conditions for 5 minutes. At this tiné Abgusingfifl es
were isolated fromthe vacuumand 72 ml of anhydrous ammoni a gas (at

anbi ent ppgesiceed Wies dripl fifbgen %éfsr W@mbﬂ@m ptebeires e #0 il @aneadio ofl bhe

anpoul es. This corresponds to 1. £.% NH3 - 99.0 wt. % TOMCATS type

si | oxane. re .S - 0 rfiaefkeuu | a
torch as ggﬁ@@%%ﬁ%@%%%@ﬁ%@%ﬁ H‘ﬂ #ﬁarcﬁggﬁtr\'/%gg srftiarmvédvg%ndﬂ“{bhe
TOMCATS t sj | oxane/ amoni a .m xt yres wer || owed to sl o Q _room
t enperat u gﬁ( § Pr&@?@%&gngﬁiﬂﬁéé@q Bp%boﬁ%-%f%e”' geglne ) m%fy es
~after warmng to roomtenperature. The anpoules were 5 heated for 5 days at
120C as dsitaxaneespiked Bithnth opmn amtiel Sdhpoml arsmania byrweighbdespeatively. d¥n

and allowed to cool to roomtenperature. The TOMCATS type siloxane liquid

had berongadksobye BliswedIo st laarobm tenséditgecior 240houtsasOe®. mlatgealsp! es
were determned to be too polynerized to analyze by GC and were assigned a

degr . OB VRELGA 98 oot eglh & g 26 e oo
TOMEATS the beginning of the test. The four samples were analyzed by GC to determine
" the extent of polymerization. The sample of TOMCATS type siloxane spiked with

15 ppm of NHj showed 0.08% polymerization after 2 hours and 20 hours,

10  respectively. The sample of TOMCATS type siloxane spiked' with 150 ppm of

NH; showed 0.07% and 0.09% polymerization after 2 hours and 20 hours,

respectively. The.results are summarized in Table 2.

Example 11: Exposure {0.1.0 wt.% anhydrous ‘ammonia
.15 . .
[0034] 5.0 ml of TOMCATS type siloxane was added to each of two ampoules

previously cleanéd and dried as described in Example 1. Each of the ampoules
was equipped with a side arm capped with a rubber _septum. The TOMCATS
type siloxane samples in the ampoules Were_ cdo!ed by submersion in a fiquid
20 mtrogenbath The éirrrwars rérnoved from the“ampo'ul'e”s by éx'p_os-inglté vacuum
conditions for 5 minutes. At this time the ampoules were isolated from the
vacuum and 72 mi of anhydrous ammonia gas (at ambient pressure) was injected
through the rubber septa into each of the ampoules. This corresponds to 1.0

wt% NH; — 99.0 wi.% TOMCATS type siloxane. The ampoules were sealed

-20-



I ncrease in Ex. Run #Additive and Concentration pKa of type siloxane type
si | oxane pol ynerization by voluneadditivepurity (WM. 9% purity (Wt. %9 (wt.
pre-testpost-test Run #1 (a)Blank (no additive)N A99. 80< 90% 10 Run #1
(bBl ank no additive)N. A99.80< 90% 10 Run#l1l (c)Blank (no

addi ti vN. A99. 8099. 540. 26 Run #1 dBl ank (no additive)N. A99.8899ust1200f0 Run
#1 aBl ank (no additiveN. A99.2190.528.69 Run #1Blank (no = =

addi ti vN. Aadesaguumowitb Rierchiss degcribed i Example N. AJdesiingdogitregerwas: 1
h) Bl ank (no additive)N. A99.5498. 001.54 Run #2 al00 m 2 4-

ent anedi onehol88. H4P I STOMC RIS féﬁe(ﬁ)ol@ﬂemmmonia mixtures were allowed to
2, 4- ent anedi one9. 099. 6299. 550. 06 n #2 (c)100 m

2 &b 20eGRR%) 28 S e HHPREE noced to be quie vicous
§ ﬁt gﬁgg?gﬁ&g :rgi%g@e'ség _q%g\(f)\ra(r):%ingurt]o o tg%rgerature. The ampoules were
5 heated for 5 days at 120°C as described in Example 1. The ampoules were
removed from the oven and allowed to cool to room temperature. The
TOMCATS type siloxane liquid had become highly viscous, similar in consistency

fo molasses. The samples were determined to be too polymerized to analyze by

GC and were assigned a degree of polymerization of > 10 wt.%.

10
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Run #3 al000 pi pm 2, 4- pent anedi one9. 099. 8099. 400. 30 Run #3 b1000 m

4- ent anedi one9. 099. 6299. 400. 12 Run #3 ¢1000 m .

2, 4- pent anedi one9. 099. 6299. 410. 11 Run #4 (a)100 m 1 -hexanoic

aci d4. 8899. 8099. 710. 08 Run #4 (b) 1000 m 1- hexanoi c aci d4. 8899. 8096. 862. 84
Run #5 (a) 100 m acetic anhydrideN. A99, 6299.530. 08 Run #5 (bAugostHiifcetic
anhydri deN. A99. 6299. 470. 14 Run #5 c100abieAcetic anhydri deN. A99. 6299. 230. 38
Run #5 d1000 m dOMGATStips siloxara\hxeEraedS9ingdeata Using VASoYsAddYes m acetic

anhydri deN..,A99. 6299 _300. 22 Run #51000 macetic anhydrideN A99 6299 140 38
Run #6 (d) 100 m gl ygerol 14. 1599. 6299. 4;{%1 2 %@ﬁé (ia %9,9 MT, ce In ’L
99. 8099. |50@, 20 RUN| #efsaifi R b AR XM ST 0 9 Byl lbxaRO Rickhe ( PYokbDr Bk
7MTS' 99. 8§099. 460. 33| Run#8 ppbRmd00 m AMIS**9 ).pii@,@(&. %8Q. phrity Rse)#8 de02000 | m
7TMIS**99.18095. 460 5/ * 1,1, 1,5, 5, 5- hexanet hyl t r ¢&teftoxanepost-test

Run #1 {a) Blank (no additive) N.A 98.80 < 80% > 10

Run #1 (b} Blank {no additive) N.A 99.80 < 80% > 10

Run#1 (¢) Blank {no additive) N.A 98.80 99,54 0.26

Run #1 {d) Blank (no additive) N.A 99.80 99.61 0.19

Run #1 {e) Blank {no additive) N.A 08.21 90.52 8.69

Run #1 (f) Blank (no additive) N.A 99.62 98 44 0.18

Run #1 (g} Blank {nc additive) N.A 09.82 < 90% > 10

Run#1 (h) Blank {no additive) N.A $9.54 88.00 1.54

- _Run#2(a) 100 ppm 2,4-pentanedions 8.0 09.80 £9.76 0.03

Run #2 (b) 100 ppm 2, 4-pentanedicne 9.0 09.62 89.55 0.06

Run #2 (c) 100 ppm 2, 4-pentanedione 8.0 99.62 99.26 0.35

Run #2 (d) 100 ppm 2 4-pentanedione 9.0 98.62 80.35 0.26

Run #2 (g) 100 pom 2,4-pentanedione 8.0 90.54 g0.54 0.0C

Run#2 (f} 100 ppm 2,4-pentanedione 8.0 98.54 99.53 0.00

Run #3 (a) 1000 ppm 2, 4-pentanedione 9.0 86.80 - 88.40 0.30

Run #3 {b) 1000 ppm 2,4-pentanedione 8.0 86.62 88.40 0.12

Run #3 (¢} 1000 ppm 2,4-pentanedione 8.0 899,62 09 41 0.11

Run #4 {a) 100 ppm 1-hexanoic acid 4.88 £9.80 - - 99.71 0.08

Run #4 (b) 1000 ppm 1-hexanoic acid 4.88 99.80 96.86 2.84

Run #5 (a) 100 ppm acetic anhydride . N.A 99,62 88.53 0.08

- Run#5 (h) 100 ppm acetic anhydride N.A 08.62 - 99.47 0.14

Run #5 (c) 100 pprm acetic anhydride N.A 89.62 99.23 0.38

Run #5 (d) 1000 ppm acetic anhydride NA | 99.62 £9.38 0.14

Run #5 (e) 1000 ppm acetic anhydride N.A 98.62 89.30 0.22

Run #5 (f) 1000 ppm acetic anhydride N.A 90.62 99.14 0.38

Run #6 (a) 100 ppm glvcerol 14.15 99.62 99.49 0.12

Run #7 (a) 1000 ppm 6MTS™ 99.80 89.50 0.20

Run#7 (b} 10,000 ppm 6MTS™ 99.80 88.14 0.66

Run#8 {a) 100 ppm 7MTS™ 98.80 99.46 0.33

Run #8 (b) 10,000 ppm 7MTS™ £9.80 98.73 0.07

Run #8 (c) 50,000 ppm 7MTS™ 98.80 95.46 1]

* 1,1,1,5,5,5-hexamethyltrisiloxane
5 * 1,1,1,3,5,5,5-heptamethyitrisiloxane




** 1,1,1,3,5,5,5-heptanethyl tri sil oxane -22 6 August 2005 5 Table 2 The

Ef fect of 2,4-Pentanedione to Limt the Polynerization of TOMCATS type
~siloxane Containing Low Levels of Anhydrous Amonia Gas 2, 4- % % NH3

pent ane- Pol yneri zation Pol yneri zati on EX. Run#concentration dione after 2

hours after 20 hours by wei ghtconc. by at 25Cat 25C wei ght6 ARgust#20Q815

mone0. 110. 18 Run #9 b150 mmoneO0. 100. 17

Table 2
The Effect of 2,4-Pentanedione to Limit the Polymerization of TOMCATS type
siloxane
5 . Containing Low Levels of Anhydrous Ammonia Gas
NH3 2,4- % - %
Ex. Run# concentration pentane- | Polymerization | Polymerization
by weight dione after 2 hours | after 20 hours
conc. by at 25°C at 25°C
weight

Run #9 (a) - 15 ppm none 0.11 0.18

Run #9 (b) 150 ppm none 0.10 0.17

Run #10 (a) , 15 ppm 100 ppm 0.08 0.08

Run#10 (b) 150 ppm 100 ppm 0.07 0.09

[0035] In-house experi:ﬁents have established that TOMCATS type siloxane is
10 sensitive to oxygen at elevated temperatures. TOMCATS type siloxane reacts
with oxygen forming oligomeric and po!ymeric species at temperatures equal- to
or grea,té'r than 60°C. This is particularly important since oxygen is commonly
used as the oxidizing gas in PECVD processes for the deposition of SiO films
from TOMCATS type siloxane. Data collected in the 22°C to 120°C range are

15 shown in Table 3.

: [0f]36] The préfefféd ' additive,‘ -2,4-pentar'iedidne, ‘does not pré\)ént the
polymén‘zation of TOMCATS type siloxane in the presence of oxygen. To
address this reactivity TOMCATS type siloxane was spiked with low fevels of

20 chemicals which function as free radical scavengers, i.e., antioxidants. These

scavengers work by deterring chemical reactions that proceed by a free-radical
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Run #10 al5 nil00 nD. 080.08 Run #10 (b)150 nil00 nD.070.09 [0035] In-house
experi ments have established that TOMCATS type siloxane is 10 sensitive to
oxygen at el evated tenperatures. TOMCATS type sil oxane reacts with oxygen
form ng oligoneric and polymeric species at tenperatures equal to or
greater than 60C. This is particularly inportant since oxypaugust Z¥nonly
used as the oxidizing gas in PECVD processes for the deposition of Si Q2

films fr%ﬁcf@@iﬁma@.e Thé Optae eradida] %mbhgéﬁsedqdastigheec%@ O-dtablizemnge
are 15 shown in Table 3. [0036] The preferred additive, 2,4-pentanedione,

doss ot WERAR Hec BONTSE A BRefl TOMHTT DB MMIRRIAIERE ang
e LYot Pl 300 AT reHD, | TENERTE e ues

chem cal reactions that proceed by a free-radical -23 6 August 2005
reacti on pabstaatialiyrmorerresistanti toatard Ay eiger spikend #6th githerdong of these free
02-stabilizers were 2,6-di-tert-butyl-4-methyl phenol (or BHT for

but yl hy dr eagitall stevehgeddd Trd AdBitlont 6f BerBHtphmlop BT icdmpietaly eliffihv@@d

TOMCATS type siloxane was substantially nore resistant toward 02 when

VCATS type si Iy m when
20500 ppiol R S NGAT SR o Rt SORER Re Syt Bl
ests T uneREnBNE B st Bhiasts ry o ROIC siPotaShanetins MRt /e on

which reportedly gives rise to undesirable basic filmproperties. TEMPO
was al so 8tesnie Ritfogenawhishf poriedhogivesatise 1o endepigable) basisfilmopraperigss

TEMPO was also shown to be an effective O.-stabilizer. Addition of 50-230 ppm

10 of TEMPO to TOMCATS type silokane reduced the degree of O;-promoted

polymerization by over 80% (Table 3).

[0037] These tests clearly established the benefit of the use of low levels of free
radical scavengers to greatly.; reduce or eliminate the seg‘aéitivity of TOMCATS

15 type si!oxéne to oxygen, thereby, reducing the likelihood of plugging problems
_occurring by the oxygen promoted polymerization of TOMCATS type siloxane.
The scavengers/antioxidants contemplated_ for this ufility include: = 2,6-di-tert-
butyl-4-methyl phenol, 2,2,6,6-tetramethyl-1-piperidinyloxy,  2-tert-butyl-4-
- hydroxyanisole, - 3-tert-butyl-4-hydroxyanisole, - propyl -ester 3,4,5-trihydroxy-
20 benzoic acid, 2-(1,1-dimethylethyl)-1,4-benzenediol, diphenylipicrylhydrazyl, 4-
tert-butylcatechol, N-methylaniline, p-m-ethoxydiphenylamine, diphenylamine,
N,N’-diphenyl-p-phenylenediamine, p-hydrbxydiphenylamine, phenol, octadecyl-
3-(3,5-di-tert-butyl-4-hydroxypheny!} propionate, tetrakis (methylene (3,5-di-tert-

butyl)-4-hydroxy-hydrocinnamate) methane, phenothiazines,
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10 of TEMPO to TOMCATS type sil oxane reduced the degree of 2-pronoted
pol ynmeri zation by over 80% (Table 3). [0037] These tests clearly

est abli shed the benefit of the use of low levels of free radical ,
scavengers to greatly reduce or elimnate the sensitivity of TOMVCATS 15
type siloxane to oxygen, thereby, reducing the |ikelihood GAugusigfitiy

pr obl ens ccurring by the oxygen pronoted pol ynerization of T TS type
si | oxane. aﬁcyk:gn eas.ant i %»@djaﬂw@r@)nt eRi§ at efB.podi-tent-Buty+arhydroxy-
include: 2,6-di-tert- butyl-4- methyl phenol, 2,2,6,6-tetranethyl-1-pipe
rid inyl okydrdzintrearhatayt ¥,2;bis H@E-dikierhbeiyl-d-h\&iroeyhydratinnatdyd hyxdyazineol e
,- propyl ester 3,4,5-trihydroxy 20 benzoic acid, 2-(1,1-dinethylethy
1)-1, 4- beﬂ?se%@thyf-ﬂlwa? -Bltéﬁ)ﬁﬁig%ih%gyi) ’blﬁané,eb&cl!iblh@o%&h%btrayl bis

N- et hyl aniline p- met'hoxydi phenyl di phenyl am ne,

N, N - di ph ey I g - I i, Phenyl.am ; .

ot adecyl R aBSR BRI, B SRiofts MEASHARRRTHeSET, 57 st epebis, &
(nethylenerﬂg,S-di-tert-_ butyl)-4-hydrqu-h dr ocj nnamat e) net hane,
phenothi aarhestyl-p-ciesghauxaly! 2ues (benayidenelisiazeish: and, mixiugpethgieohe
bis (3,5, -di-tert-butyl-4-hydroxy- hydrocinnamate, 1,2,-bis

(3, 5-di -t Maturally ecdring aokigkigdntsc cam aisy bp hgett spcihas rawissed oils, wheat
(2- nmet hyl - 4- hydr oxy-5-tert-butyl phenyl) butane, cyclic neopentanetetrayl
bis (octgdes\ilsRE iro®) and glimd.hi obis (6-tert-butyl-mcresol),

2,2 -nmethylenebis (6 5 ert-butyl-p-cresol), oxalyl bis
(benzyl i denehydrazi de) and ni xtures thereof. Naturally occurring
antioxidants can al so be used such as raw seed oils, wheat germoils
t ocopherol s and .guns. 6 August 2005 Table 3
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TOMCATS type siloxane / Oxygen Conpatibility Tests [0038] Five day aging
tests were conducted at 22C, 60C, 80C, 90C and 5 120C. For all of these
tests TOMCATS type siloxane containing 100 ppm of 2,4- pentanedi one was
exposed to 0.5 w.% 02. % Pol ynerization * Tenperature FreeRadi cal
Scavenger Ex. Run #(C)Scavenger Concentration 1 day5 days & ApoystR0% 11
al20None07.17.9 Run # 11 b90None06. 87.@-55@ # 11 (c)80NoneOnot 5.1

5

collected Run # 11 d 8 0, : - Run # 12
(%) BOBHTS0NGt 0. 10 col PHRraLS tbesion oSy Tebts®
[0038] Five day aging tests were conducted at 22°C, 60°C, 80°C, 90°C and
5 120°C: For all of these tests TOMCATS type siloxane containing 100 ppm of 2,4-

pentanedione was exposed to 0.5 wt.% O-.

% Polymerization®
Ex. Run # Temperature | Scavenger
(°C) FreeRadical | Concentration { 1 day 5 days
Scavenger | (ppm)
Run#11(a) | 120 None 0 71 7.9
‘| Run # 11 (b) 20 None 0 6.8 ‘ 7.0
Run # 11 {(c) 80 None 0 not 5.1
collected
Run # 11 (d) 60 None 0 1.7 6.8
Run # 11 (e) 22 None 0 0.0 0.0
Run # 12 (a} 80 : BHT 50 .| not
- collected 0.10
Run # 12 (b) 80 BHT 100 . not
. : . collected | 0.03
Run # 12 (¢) 80 BHT =~ 200 : -not
: - | collected 0.04
Run # 12 (d) 80 BHT 500 not
- collected 0.05
Run# 13 (a) 80 TEMPO 50 not .
collected 0.82
Run# 13 (b) 80 TEMPO 100 - not
collected 0.82
Run#13({) - |80 .. |TEMPO . 230 Clnot. L
: coliected 0.88
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Run # 12 (b)80BHT100not 0.03 collected Run # 12 (c)80BHT200not 0. 04

col lected Run # 12 (d)80BHT500not 0.05 collected Run # 13 (a)80TEMPO60NOt
0.82 collected Run # 13 (b) 80TEMPOLOONnot 0.82 collected Run # 13

(c) BOTEMPO230not 0.88 col l ected -26 6 August 2005 Exanple 12: Reactivity of
oxygen Spi ke of 100 ppm of 2, 4-pentanedi one [0039] 0.50 rf Augkst290P of

2, 4- pent anedi one was added to an anpoul e previously 5 cleaned and dried as-
described in Exanple 1. The Bx®dopleldafRkeaptivityofioxygen a

Spike of 100 ppm of 2,4-pentanedione

[0039] 0.50 microliters of 2,4-pentanedione was added to an ampoule previously
5 cleaned and dried as described in Example 1. The ampoule was equipped with a
quartz side arm extension capped with a septum. To this ampoule 5.0 ml of
TOMCATS type siloxane was added, taking-care to rinse down any residual 2,4-
pentanedione liquid that remained adhered t}: the inner wall of the ampoule, The
“ampoule thus prepared contained TOMCATS type siloxane with 100 ppm by
10  volume of 24-pentanedione. The ampoﬁle was 'coofe_d to liquid nitrogen
temperature and evacuated to remove air. The ampoule was isolated frorh the
vacuum and a pre-determined amount of oxygen was injected through the side
anﬁ. Two ampoules prepared in this manner were sealed and heated for 1 day
at 120°C as described in Example 1. wa additiona-i ampoules prepared in like
15  manner Were heated for § days. These éamples showed an average increase in

pofymeﬁzation of -7.1 % and 7.9% after one day and after 5 days, respectively.

e [0040] This set of tests was repeated at 90°C, 80°C, 60°C and 22°C. Data were
coliected only after 5 days for the 80°C test. Significant polymerization again

20 occurred at 90°C, 80°C and 860°C, but was absent at 22°C. The data are

summarized in Table 3.
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gquartz side arm extension capped wth a septum To this anpoule 5.0 m of
TOMCATS ‘type sil oxane was added, taking-care to rinse down any residual
2,4- pentanedione liquid that remai ned adhered to the inner wall of the
arrpoul e. The ampoul e thus prepared contai ned TOMCATS type sil oxane with
100 ppm by 10 vol ume of 2, 4-pentanedione. The anpoul e was &&ogust 2803 i qui d
nitrogen tenperature and evacuated to renpve air. The anmpoule was isolated

fromthe vacuumand a -pre- g¢ghaiglkred R@Q@ﬁ\myqucg@nggﬁn was injected through
the side arm Two anpoul es pre ared in this mannér were seal ed _and heated

for 1 day at 128gikasofdd¥:ppiredf 24-Exatapedions amwb 58407 perapf Bifoul es
prepared in |like 15 manner were heated for 5 days. These sanpl es showed an
average increase in polynerization of 7.1 %and 7.9% after one day and

after 5d r to\BA drepealeqstediouRBL,
80C, 60C ?r@g 9%%%%33% o&@%@g@@ﬁdﬁéﬁﬁmﬁsﬁéﬁédays fo'r|9 th?BOC test.

2bsent® ot Os3beo I 48 eARRHRATD SERIR The Bheoi At Pallipeciitn 3

13: Reactivity of oxygen Spi ke of 100 ppm of 2, 4-penianedi 0: 500
ppm of BHIURDD Aige @RIBD exrensien teappesk WﬁR4ap%@Pt Hﬂbd%ﬁé’“ﬁ;&!agﬁﬁg\?g
anpoul e previously 5 cleaned and dried as described in Exanple 1. The
anpoul e vsifoxanei paretdining 50 ppmaof dissotied BidTetasnadded dathedamponlea st um
5.0 mM of TOMCATS type -siloxane containing 50 ppm of dissolved BHT was

added to éﬁ@o@@QHu@ pr@BQrecﬁ'H@ﬁ%ﬁeﬁ”ﬂ@M@Aﬂ’SV €C QM2 e AvifHOMOBT Bphy b

siloxane with 100 ppmb vol ume of 2, 4-pentanedi one and 50 ppm BHT. The
I :
?gpng\lj ee a:’\@élufh%%faf 4 ﬁ?éfa&%ﬁiég?ﬁg tgg‘ﬁ:ﬁ'ﬂ éﬁqurlﬁt Hﬁ%o@'i@m%‘éﬁfdtﬁé@% liQuid

10 nitrogen tempe_rature and evacuated to remove air. The ampoule was isolated
from the vacuum and a bre-deten'nined amount of oxygen was injected through
the side arm. Two ampoules prepared in this manner were sealed and heated for
5 days at 80°C as described in Examplg 1. These duplicate samples showed an
increase in polymerization of 0.05% and 0.15% fo_r an aﬁg_rage of 0.10%. The

15 data are summarized in Table 3.

[0042] The above tests were repeafed in duplicate using 100 ppm, 200 ppm and
500 ppm of BHT. Less than 0.05 % polymerization increase was observed for

each of these three levels of BHT additive.

20
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fromthe vacuum and a pre-determ ned anmount of oxygen was injected through
the siderarm Two anpoul es prepared in this manner were seal ed and heat ed
for 5 'days at 80C as described in Exanple 1. These duplicate sanples
showed an increase in polynerization of 0.05%and 0.15% for an average of
0.10% The 15 data are sunmarized in Table 3. [0042] The GAugEst ¥ were
repeated in duplicate using 100 ppm 200 ppmand 500 ppm of BHT. Less than

0. 05 % pol yneri zation i ncre@@ngﬁé TR srEsEMvifyosf oxgfeh of these three levels
of BHT additive. 20 .6 August 2005 Exanple 14: Reactivity of oxygen Spi ke of

100 ppm ofSrika.ofdAlauticl Zed-peatamedicne and 28-230xmn 67122 Bdntetigmethyl-1-

pi peridi nyl oxy (TEMPO) 5 [0043] _0.50.m.crold of 2, 4-pent anedi one was
added to an anpoul e previously p@%@m&o%ﬁ%ﬁm as described in Exanpl e
1. The anpoul e was equi pped with a quartz side arm extension capped with a
septum 5.0 ml of TOMCATS(r) containing 50 ppm of dissolved TEMPO was

added 7 o [HHAHNPRD icrofiters afiZodHpentanadipne peasead dethtman enTaneArsviousty
sil oxane with 100 ppm by 10 vol une of 2, 4-pentanedi one and 50 ppm TEMPQO.

The anpoutleaned srpHfdd ke ddsciibied iNiEXaPase 1.eThE M poSeass edapidarith &
renmove air. The anmpoule was isolated fromthe vacuum and a pre-determ ned

ent oS08 a6k Shn RN S bBUIRT, HenTBEYRLEaY
el ¢ Leoiiifo SBIPhED P HERR M S5, ablefol TBhL Aoty 18"

ampoulé thus prepared contained TOMCATS type siloxane with- 100 ppm by

10 volume of 2,4-pentanedione and. 50 ppm TEM'PO. The ampoule was cooled to

liguid nitrogen temperature and evacuated fo remove air. The ampoule Was

isolated from the‘vacuurﬁ and a pre-determined amount of oxygen was injected‘

through the side arm. Two ahpoules prepéred in this manner w;ere sealed and

heated for 5 days at 80°C as described in Example 1. These samples' showed an

15  increase’in polymerization of 0.89% and 0.76% for an average of 0.82%. The

data are summarized in Table 3.

b [0044] The above tests were répeated in duplicate using 100 ppm and 230 ppm
of TEMPO. TOMCATS type siloxane spiked with these levels of TEMPO

20 --undement-O.BE% and 0.88% increase in polymerization, respectively.

[0045) The present invention has been set forth with regard to several preferred
embodiments, but the full scope of the present invention should be ascertained

from the claims which follow.
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[ 0044] The above tests were repeated in duplicate using 100 ppm and 230 ppm
of TEMPO. TOMCATS type sil oxane spiked with these |evels of TEMPO 20
underwent 0.82% and 0.88% i ncrease in polynerization, respectively.. [0045]
The present invention has been set forth with regard to several preferred
enbodi nents, but the full scope of the present invention shéulgdsb2005
ascertained fromthe clainms which follow 25 N ZOCNOSY©6223 USA2.DO -29
6 August 2005 CLAIMS 1. The process of Claim21 including providing a free
radi cal scavenger to said cyclotetrasil oxane. 2. The process of Caiml
wherein said free radi cal scavenger FEAﬂgéect ed fromthe group consisting
of: 2,6-di-tert-butyl-4- nethyl pheno 2,6,6- tetranethyl-

I-plperldlnyloxy, 2-tert-buty édroxyanlsole 3-tert-butyl-4-
hydr oxyani sol el. pr ophe emC@ssmﬁ 6laimi Ryldrioxydipen A0¥ding ﬁeequdlcal

dlnethyle 4- b |oI henyl pi cryl hydrazyl ,
4-tert-bu Q?%SQ%"C O§a|8 Igﬁ%qo p- met hoxydi phenyl am ne,

di phenyl am ne, N, N - dlphenyl p phenylenedianine, p- hydr oxydi phenyl ani ne,
phenol , octadecyl-3-(3,5-di-tert- butyl-4.- hydroxyphenyl) propionate,
tetrakis (meth3l €he precessdf-Clain -lbwhgrein samgrderrad'ycal beavenger imselactedt e)

T e G bl oo A B - e P 18 65

A A R T S

2 el et oo, St o i e ) 241
chmethylethy) 1,4-benzenediol, diphenylpicrylhydrazyl, 4-tert-butylcatechol, N-
methylaniline, p-methoxydiphenylamine, diphenylamine, N,N'-diphenyl-p-
phenylenediamine, p-hydroxydiphenylamine, phenol, octadecyl-3-(3,5-di-tert-
butyl-4.-hydroxyphenyl) propionate, tetrakis (methylene (3,5-di-tert-butyl)-
4-hydroxy-hydrocinnamate) methane, phenothiazines, alkylamidonoisoureas,
thiodiethylene bis (3,5,-di-tert-butyl-4-hydroxy-hydrocinnamate, 1,2,-bis  (3,5-
di-tert-butyl-4-hydroxyhydrocinnamoyl) hydrazine, tris (2-methyi-4-hydroxy-5-
tert-butylphenyl) butane, cyclic neopentanetetrayl bis (octadecyl phosphite),
4,4'-thiobis (6-tert-butyl-m-cresol), 2,2'-methylenebis (6-tert-butyl-p-cresol), ,
oxalyl .bis (benzylidenehydrazide) and mixtures thereof.

3. The process of Claim 2 wherein said 2,6-di-tert-butyl-4-methyl phenol
is provided in an amount of 50-500 ppm {vol.).

4. The process of Claim 2 wherein said 2,2,6,6-tetramethyl-1-
piperidinyloxy is provided in an amount of of 50-230 ppm (vol.).
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oxal yl bis (benzylidenehydrazide) and m xtures thereof. 3. The process of
Claim2 wherein said 2,6-di-tert-butyl-4-nmethyl phenol is provided in an
anount of 50-500 ppm (vol.). 4. The process of Claim2 wherein said
2,2,6,6-tetramethyl -1 - piperidinyloxy is provided in an anmount of of 50-230
ppm (vol.). 30 6 August 2005 5. The process of Caim 23 vihéuguat 200% free
radi cal scavenger is selected fromthe group consisting of .

2, 6- di -t ert - bubyTherpraaess (of SlkkimoR3 whereinesaid fregdadicabseavender j§ sriertadny| oxy
and m xtures thereof. 6. The. .proc f.. im.5 er.el i d scaw ris
provi dedufirrﬂmantheangQHP JP"%@UESO p%!@ﬂ'l% Tbu}tyf'%etﬁ'ygcéﬁég% géﬁ%e‘ 5

wher ei n [ ; i i bdihpyl oxy is provided in an
anount oﬁ%ngegﬁgg%—%g%ﬁc?ww%gmlﬁtLgFggrgéélngor stabilizing

1,3,5, 7-tetranet hyl cycl ot etrasi | oxane agai nst polynerization used in a
chem cal vapor position praocess for silicon oxides in_ el eq(tjé{ini C

d !
mat eri al fabri@-ggﬁoﬁrf&gﬁﬁr fsiGRjMyowherBl) salkkk seavaNges He RRPYJded g an
pol ymer i i LB Bi jd 1,3,5 7-tetranet hyl cycl ot et rasi | oxane and
provi di néﬁhbﬁ&egpﬁgopﬁprégg@gjﬁger to said

1,3,5 7-tetranet hyl cycl otetrasil oxane. 9. The process of C aim8 wherein
said inhibitor is selected fromthe group consisting of 2,4-pentanedi one,

1- hexanoi ¢ aci &, The pracess of Stadmi T wheneindaidi2, 2,6 Ssketramethybd  vol . )
1,1,1,5,5 i

sipenginyiony 1 provided AN Srisunt B oF $05530 pp (1), 31 © August 2005
8. A process for stabilizing 1,3,5,7-tetramethylcyclotetrasiloxane against

polymerization used in a chemical vapor deposition process for silicon oxides in

electronic material fabrication comprising providing a neutral to weakly acidic

polymerization inhibitor to said 1,3,5,7-tetramethylcyclotetrasiloxane and
providing a free radical scavenger to said 1,3,5,7-tetramethylcyclotetrasiloxane.

9. The process of Claim 8 wherein said inhibitor is selected from the
group consisting of 2,4-pentanedione, 1-hexanoic acid, glycerol, acetic
anhydride, less than 1% (vol.} 1,1,1,5,5,5-hexamethyitrisiloxane and mixtures
thereof.
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10. The process of Claim8 wherein said free radical scavenger is selected
fromthe group consisting of 2,6-di-tert-butyl-4-nethyl phenol, 2, 2,6, 6-
tetramet hyl - 1- pi peri di nyl oxy and m xtures thereof. 11. A conposition of
1,3,5, 7-tetranet hyl cycl otetrasil oxane, used in a chem cal vapor deposition
process as a precursor for silicon oxides in electronic rffdgusl2005
fabrication, stabilized against polynerization, caonpri si_ngI 1,3,5,7 32 6
August 2005 tH3.r afBehprasess o@fed)aiﬁ’l 8o weiesein gaid feag: raglicalo SGRENGRT J8i di ¢

br 113, 5 S48 110 e oy ki 8 2R B AP S0P bhend 2B 1 "
deposi ti ofatRnRsth ﬁlﬁpi}-{%‘ﬁﬁﬂgg@ rﬁiSlfuré@ kh&rapr.oxides in electronic

mat eri al fabrication, agal nst pol ynerization, conprising (a)
1,3,5,7- tetranethyl cyclotetrasil oxane, (b) a neutral to weakly acidic

pol ymeri zation, inhibitor selected fromthe grou onsi.sting of .

2, 4- pent anedi ohk; A- fRRRAFLEN %éilérgéﬁ W@@?&‘YMM‘E@F@%P@U&SE‘F &858 t han
1% (vol .) Jl, , B LSi.l o 1 % (v .
111, 3, achehicabbo QerRGTHRATIAeSs, o8 o PRERlRor B SRR st i Bt onic

al i phat i cmater0 fatricatios bedil2e83dairmt ipph@térizationpcdopyiking B8j3)2- HOOC- ( CH2)
" -COONin which 1 < n < 8; phenols 86II-3‘{mt13_n)(O—gl n |pn \?hgich 1 <n<35;
polyols CH2X(CHX)"CHzX, in which X = H or OH but at |least one X = OH and
1 <. n < 8; anhydrides RCH2-C(O-O C(O-CH2R ; hydrodosil oxanes
R3Si-(OSIR2)" _OSIR3 , in which 0 <n <8, all wherein Ris individually
sel ected fromthe group consisting of hydrogen, normal, branched or cyclic

Cl-lo alkyl groups; and m xtures thereof, and (c) a free radi cal
scavenger selected fromthe group consisting of 2,6-di-tert-butyl-4-nethyl
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phenol , 2,2,6,6-tetranethyl-1- piperidinyl oxy,

2-tert-butyl -4-hydroxyanisole, 3- tert-butyl-4-hydroxyanisole, propylester
3,4,5-tri hydroxy-benzoic acid, 2-(1,1- dinethylethyl)-1,4 -benzenediol,

di phenyl pi cryl hydrazyl, 4-tert-butylcatechol, N nethylaniline,

p- et hoxydi phenyl ani ne, di phenyl ami ne, N, N - dlphenyl p- dhéwgu&h@ﬂﬂhn1ne
p- hydroxydlphenélan1ne phenol, octadec 5-di-tert-

but y! OI4 Hpteperivevslotetiasipranerand taetneéziraé W@ﬁ,ﬁl\én@c'ilc polymerization
3, 5-di -
|(ohenot Ih| a{ﬁﬁt?é@%éb ﬁﬁ?ﬂ%&ﬁ@oﬁvgﬁ r OCIt hinog?etnﬁille)engei)i Sn(e& 5 -di-tert-

but yl - 4- hydr oxy- hydrOC|nnanate 1,2,-bis (3,5-di-
tert-butyl-4-hydroxyhydroci nnanoyl ) hydrazine, tris

(2- met hyl - 4- hytl.dk gomposition ddidl,&,lSpTHhelyamem;dmk)tetrwloxene;aummaet et rayl
bis (octa phos hite 4' - thiobis e

5 5\ et HTEMERINGIOB SeapH gt Ay eCesS dsca BT acLrspr 4Py FCes gxIes if eleckionic
(benzyI| A
conposi tﬂ@ﬁ@é‘ﬁﬁf@c@ﬁ?nt gt(t:cl'rbf‘;pzrr§I %ﬁﬁﬁ‘ﬁ{ép‘a @?érrggﬁﬁgk%ﬁg%%ﬁs"gi{a?n dﬁgfhem cal
vapor deaea*amethylpv@@mmsﬂ&maggb):arm@trai &5 wlaklycauidiepaligherizatiinect r oni c
mat erial fabrication, stabilized agai nst polynerization, conprising

1,3,5, 7- lnanbitamlgqtesyd’r@neth&aguromeqe@slsang of Zfbaanaﬁ@dlcme 1-hupxanpic

conposition, of 1 tetra t hyl cycl,at.et rasj | oxane, used cal
vaggr de[ﬂféq't [ ongl ‘F%@Lss LE prgcah ng?or sfPcon g@lndes jrdgf’ el eé’tq?g]n

t I I
s 7. {%‘?P%‘EZ%J#@ mekifiisIgRi G Jeus Sthab Y TR ERIDPTLESBSE "

conposi t |rmptameﬂhy8tr}'sllﬁxarm r anfdikatoped oRE(OIGHROMGIRe, aliphdticn Cﬁrb@*wim cal
vapor dep05|t|oggprocess as_a Erecursor for silicon_oxides in electronic

mat er i al %% ReQOH; Alipvetis dicarbexyigacids: HROG (e a)e PN incwhishi 5ing 4, 3, 5, 7
8; phenols CeRe6-n)(OH}, in which 1 < n < 5; polyols CHX(CHX)nCH2X, in which X

= H or OH but at least one X = OH and 1 <. n < 8; anhydrides RCH,-C(0O)-O-
C(0)-CH;R; hydrodosiloxanes R3Si-(0-SiR;),-0OSiR3, in which 0 < n < 8, all
wherein R is individually selected from the group consisting of hydrogen, normal,
branched or cyclic Cy-10 alkyl groups; and mixtures thereof, and (c) a free radical
scavenger selected from the group consisting of 2,6-di-tert-butyi-4-methyl
phenol, 2,2,6,6-tetramethyl-1- piperidinyloxy, 2-tert-butyl-4-hydroxyanisole, 3-
tert-butyl-4-hydroxyanisole, propylester 3,4,5-trihydroxy-benzoic acid, 2-(1,1-
dimethylethyl)-1,4-benzenediol, diphenylpicrylhydrazyl, 4-tert-butylcatechol, N-
methylaniline,  p-ethoxydiphenylamine,  diphenylamine,  N,N'-diphenyl-p-
phenylenediamine, p-hydroxydiphenylamine, phenol, octadecyl-3-(3,5-di-tert-
butyl-4-hydroxyphenyl) propionate, tetrakis (methylene (3,5-di-tert-butyl)-4-
hydroxy-hydrocinnamate) methane, phenothiazines, alkylamidonoisoureas,
thiodiethylene bis (3,5,-di-tert- butyl-4-hydroxy-hydrocinnamate, 1,2,-bis (3,5-di-
tert-butyl-4-hydroxyhydrocinnamoy!) hydrazine, tris (2-methyl-4-hydroxy-5-tert-

butylphenyl) butane, cyclic neopentanetetrayl bis (octadecyl phosphite), 4,4'-
thiobis (6-tert-butyl-m-cresol), 2,2'-methylenebis (6-tert-butyl-p-cresol), oxalyl
bis (benzylidenehydrazide) and mixtures thereof.
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tetramet hyl cycl otetrasil oxane, and glycerol. 16. A conposition of 1,3,5,7-
tetranet hyl cycl otetrasi |l oxane, used in a chem cal vapor deposition process
as a precursor for silicon oxides in electronic mnaterial fabrication,
stabilized agai nst pol ynerization, conprising 1,3,5,7

tetranethyl cycl otetrasiloxane, and acetic anhydride. 17. / éwgpes2@0n of
1,3,5 7-tetranet hyl cycl otetrasi |l oxane, used in a chem cal vapor deposition

process as a pl%-c@r mmnasrtlogr qucbﬁ ariesramethyicedetesrasioxang, cksed in a
fabricati anst neriz tlon 3 .
ot r At HCQERLY R anoRnoBrosBSs BE bikhtgR fof 3R st e Bggfonic
scavenger IAréﬁrﬁzta 05 t 74 CQiThisiidi qf3,5,7-

2, 6-di -te?"t%ﬂ%'ﬁﬁ'% yl -4 mgt%ﬁ I Stgﬁg%? %galhﬁf’”%@_)lbtﬁ'rg?rgﬂng? ‘hyT - épl Iggrl di nyI oxy
and ni xt uheersametbyleytlotet&silaxmmmr 2 Aependénadicne.

5, 7-tetranmet hyl cycl otetrasil oxane, used in a chem cal vapor deposition
process as a precursor for silicon oxides in electronic materi al

fabri cat i
otr amet hyl by aiety SONRGRRT o R3S Pielriiceiio,GBMMARLRNS,: dsct T 2. o,
sel ect ed cﬁérmaar\r@cﬁrdépbsﬁmﬁpﬁicege adfa preRubortfer tsilieoh Yoxides it él!éttr@hrenol

2,2,6,6-tetranmethyl -1- 'piperidinyloxy and m xtures thereof. 19.
conposi t i materfal 1 fahrisationet stabilizeg| against cpelyperization, nnapr l$lﬂ9a1e3}5rﬁ cal

vapor depositi rec r for silicon oxides in electronic
mat eri al ei &B&EV@H&%@;@@P% ébi@@f‘ BAYeri zati on, conprising
1,3,5,7- tetranmethyl cycl otetrasil oxane, glycerol and a free radi cal
scavenger selected fromthe group consisting of 2,6-di-tert-butyl-4-nethyl

phenol , 2, 2, 6, £5.t & rcamgidsition] -of pil 35 7etietranuethylcucldtetiasiloxarse, t beeddf. a
chemical vapor deposition process as a precursor for silicon oxides in electronic
material fabrication, stabilized against polymerization, comprising 1,3,5,7-
tetramethylcyclotetrasiloxane, and glycerol.

16. A composition of 1,3,5,7-tetramethylcyclotetrasiloxane, used in a
chemical vapor deposition process as a precursor for silicon oxides in electronic
material fabrication, stabilized against polymerization, comprising 1,3,5,7-
tetramethylcyclotetrasiloxane, and acetic anhydride.

17. A composition of 1,3,5,7-tetramethylcyclotetrasiloxane, used in a
chemical vapor deposition process as a precursor for silicon oxides in electronic
material fabrication, stabilized against polymerization, comprising 1,3,5,7-
tetramethylcyclotetrasiloxane, 2,4-pentanedione and a free radical scavenger
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20. A conposition of 1,3,5,7- tetramethylcyclotetrasil oxane, used in a
chem cal vapor deposition process as a precursor for silicon oxides in
el ectronic material fabrication, stabilized agai nst pol ynerization,
conprising 1,3,5,7- tetranethyl cycl otetrasil oxane, acetic anhydri de and a .
free radi cal scavenger selected fromthe group consi sti nd Afigust 2005

- 4- et hyl phenol 6-tetranethyl -1 - di nyl oxy

2,6-di - but
and mI x:E 3%&?&%&&!’%@3 QTUP'QO%?'%ESCE zﬁ%ﬂ"?ﬂa@ith"r&'m?ﬁh PB?'?R'O# §t¢é15| | oxane

agai nst p 1 ne having the foll ow ng
oy PRetHREr AL pﬁéghwmﬁﬁlﬁa@%ﬁ%ﬁhé@ﬁp L R3\ 0 35 6 August 2005

wherein R -7 are individually selected fromthe group consisting of

a kowy o oup. 11 A FuBRBRAEIr £ SAde ety e titiotod Bred e 0 T 0
i nhi bi t or dhemidabvapoe ldepediticrsprocess e avwrecm'smr fot biticanndiidestin reldéctronielneatesal f r om

2, 4- pent anedi one; 1-hexapoic acid; glycerpl: acetic anh drlde 8- ones
RC( O) CH2 C(Teyrieation ph%F?'P'gze@ar boddAl '?sg aciRglymerization, prising’ Pé Ige}

tetramethylcyclotetrasiloxane, 1-hexanoic acid and a free radical scavenger seiected
from the group consisting of 2,6-di-tert-butyl-4-methyl phenol, 2,2,6,6-tetramethyl-1-
piperidinyloxy and mixtures thereof.

19. A composition of 1,3,5,7-tetramethylcyclotetrasiloxane, used in a
chemical vapor deposition process as a precursor for silicon oxides in electronic material
fabrication, stabilized against polymerization, comprising 1,3,5,7-
tetramethylcyclotetrasiloxane, glycerol and a free radical scavenger selected from the
group consisting of 2,6-di-tert-butyl-4-methyl phenoi, 2,2,6,6-tetramethyl-1-
piperidinyloxy and mixtures thereof.

20. A composition of 1,3,5,7-tetramethylcyclotetrasiloxane, used in a chemical
vapor deposition process as a precursor for silicon oxides in electronic
material fabrication, stabilized against polymerization, comprising 1,3,5,7-
tetramethylcyclotetrasiloxane, acetic anhydride and a free radical scavenger selected
from the group consisting of 2,6-di-tert-butyl-4-methyi phenol, 2,2,6,6-tetramethyl-1-
piperidinyloxy and mixtures thereof.

21. A process for stabilizing a cyclotetrasiloxane against polymerization the

cyclotetrasiloxane having the following formula:
t

\SI--——o R?



RCOOH; al i phatic dicarboxylic acids HOOC (CH2)n, -COOH in which 1 < n < §;
phenols C6R(6 n)(OH)n in which 1 < n < 5; polyols CHZX(CHX)"CHzZX, in which
X =Hor OHbut at least one X = OHand 1 < n < 8; anhydrides

RCHZ. (O - O (O -CHZR,  hydrodosi | oxanes R3Si- (O Si R2)n_Gsi R3, in which 0 <
n <38, all wherein Ris individually selected fromthe gr%Apguah%@(Hiu ng of

hydrogen, nornal . branched or cyclic Cl.10 al kyl @fo and mxtures
t her eof . vWhereip rﬁﬁgsrict!\rl@ﬂﬁllwselfctgdsfrwn ﬁ'aq gwmwﬂéw ladregan, gxngrmal,

compr | S1 Mffatched of e cl rlnl“z Syl F@.&{%h& ‘a7 At B Barokdal canpﬁw@er' zation

I nhi bitor se ane noi c acid cert ol
acet i c an hydr |mey|d|agoarl<eﬁfenues aR(D(U(’E cﬂamomymor tal uhpmtlptﬁttaaﬂm@nglwmr@lm ds

phenol S L}hﬁ%ﬁé{%ﬁ%ﬁ%ﬁﬂﬂ%ﬁ @e&tgﬁg%&%—%@m (IcurLX) mdé?( 1i: i gh X

= H or G-glykuetolatacéﬂasanhvﬂﬁd@( £-diktdtorned RCGO)EHSC@)RarmmHaﬁlcde:srmVIZ: @C@

oCoO- : d |
3 oher Y oA b, s RO ORE! GIER domah Sei ryedps
hydr ogen, ¢, )n iRWhBhE Pk 5; PofisCHX (GO AHX! mgmzswx, and nixtures

t hereof, an c) a free radical scavenger sél ect ed

T ) bt a8 S o <81 ey RS O IO PRy

2-tert- t 4- , ester
5, a5 i TESHIREEC KARO S FrodRs TR ¢ < 1< R BPRHBRITR £ ndbiBRAY

di phenyl metec’gddhfydnailglgrom temsnsnngtnfym:mmhnbrma‘ﬂ- hlanhlyedamr byatie Ci-10 alkyl

p- met hoxydi phenyl,am ne nyl am ne, N, N -di phenyl - p-phenyl enedi am ne,
p- hydr oxﬁ?%eﬁé?%éés tﬁﬁ%ﬂﬁ oct adecyl - 3-(3,5-di-tert-butyl -4-

hydr oxyphenyl ) propionate, tet raki s (et hyl ene

(3,5-di-tert-butyl)-4-hydroxy draci nna nmet hape, phenot hi azi pes,
al kyl ami donoi s%ur Ba$OMPRSitien e@fhy]iy e ?ﬁt@m tgg(ctogﬁttqs@p up9mpr151ng &

- 4- hydr oxy3 BY/d¢RG| &etﬂasﬁexahésg:()‘?a Eoﬁheﬁf‘é’tfonhHﬁllSltOlASelected from 2,4-

hydr oxyhydr'oci nnanoy| razi ne

(2- met hylpemtanﬁdmgylﬁexmcm,;glmmwmetlc pohyhigle; Bydikatenes REEONEHRERIR r ay |

bi's  (octafriid HBEIRD! dfds rbobH: RIS dicdmbiyit - sy HoBc-(CH,).-COOH in
which 1 < n < 8; phenols CsRiny(OH), in which 1 < n < 5; polyols CHX(CHX),CHzX, in
which X = H or OH but at least one X = OH and 1 < n < 8; anhydrides RCH,-C(O}-
0-C(0)-CH3R; hydrodosiloxanes R3Si-(0-SiR;),-OSiR3, in which 0 < n < 8, all wherein R
is individually selected from the group consisting of hydrogen, normal, branched or
cyclic Cy-10 alkyl groups; and mixtures thereof, and (c) a free radical scavenger selected
from 2,6-di-tert-butyl-4-methyl phenol, 2,2,6,6-tetramethyl-1-piperidinyloxy, 2-tert-
butyl-4-hydroxyanisole, 3-tent-butyl-4-hydroxyanisole, propyl ester 3,4,5-trihydroxy-
benzoic acid, 2-(1,1-dimethylethyl)-1,4-benzenediol, diphenylpicrylhydrazyl, 4-tert-
butylcatechol, N-methylaniline, p-methoxydiphenylamine, diphenylamine, N,N'-diphenyl-
p-phenylenediamine, p-hydroxydiphenylamine, phenol, octadecyl-3-(3,5-di-tert-butyl-4-
hydroxyphenyl)  propionate, tetrakis (methylene (3,5-di-tert-butyl)-4-hydroxy-
hydrocinnamate) methane, phenothiazines, alkylamidonoisoureas, thiodiethylene bis
(3,5,-di-tert-butyl-4-hydroxy-hydrocinnamate, 1,2,-bis (3,5-di-tert-butyl-4-
hydroxyhydrocinnamoyl)  hydrazine, tris  (2-methyl-4-hydroxy-5-tert-butylphenyl)
butane, cyclic neopentanetetrayl bis (octadecyl phosphite), 4,4'-thiobis (6-tert-butyf-m-
cresol), 2,2'-methylenebis (6-tert-butyi-p-cresol), oxalyl bis (benzylidenehydrazide) and

mixtures thereof.
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cresol), 2,2'-nethylenebis (6-tert-butyl-p-cresol), oxalyl bis
(benzyl i denehydrazide) and m xtures thereof. 36 6 August 2005 23. A
process for stabilizing 1,3,5,7-tetra-ne thylcyclotetrasil oxane agai nst
pol yneri zation conprising: providing a free radi cal scavenger to said
1,3,5, 7-tetranethyl cycl otetrasil oxane. 24. A conposition d?Aagust2005

cyclotetrasil ox t he s Lio r|S|n
cycl otetrasil ox%né‘ PRcEss O'{T%Eb g@fﬁage? q% I otmsﬂcqggr@ i ~R. \o
wher e RI' 'a%I'n%t bﬂ%&+.£uﬁahlcﬁm§ﬂkuﬁ§.t ﬁ@wﬁfn%rﬂ fréeraticalscavemser 3 smg of hydrogen,

a normal, ranched or cyclic yl group, and a C 1.4 al koxy group,
(b) a neuth&l&%@ﬂ(ﬂ@wﬂnmcmttﬁsdomﬁynerl zation inhibitor; and (c) a free
radi cal scavenger. 25. A conposition of a cyclotetrasil oxane, the
conposition conprising; (a) said cyclotetrasiloxane having the foll ow ng
formula: RL H 122 /A Somposifion 5 a cyclotetrasiloxane, the composition comprising; (a)

said cyclotetrasiloxane having the following formula:
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where R!7 are individually selected from the group consisting of hydrogen, a normal,
branched or cydlic C 110 alkyl group, and a C ;4 alkoxy group, (b) a neutral to weakly
acidic polymerization inhibitor; and (c) a free radical scavenger.

25. A compasition of a cyclotetrasiloxane, the compaosition comprising; (a) said
cyclotetrasiloxane haVing the following formula:
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where R*7 are individually selected from the group consisting of hydrogen, a normal,
branched or cyclic C;.0 alkyl group, and a C;4 alkoxy group, and (b) a free radical
scavenger.
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where R1-7 are individually selected fromthe group consisting of hydrogen,
a normal, branched or cyclic Cl-1o0 al kyl group, and a Cl., al koxy group,
and (b) a free radical scavenger. O i- R \Si/ al | 37 6 August 2005
26. A process for stabilizing a cyclotetrasil oxane having the foll ow ng
formula: 0 RZ OSi / ERs R-Si O where R1-7 are individual®pugese2@@ from
the group consisting of hydrogen, a normal, branched or cyclic C 1-lo

al kyl group, and a C 1-4 al koxy group and wherein the cyclotetrasil oxane
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ree radi cycl ot et’rasr | oxane.
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where R'7 are individually selected from the group consisting of hydrogen, a
normal, branched or cyclic C 140 altkyl group, and a C 14 alkoxy group and
wherein the cyclotetrasiloxane is used as a precursor for a chemical deposition

process, the process comprising: adding afree radical scavenger to the
cyclotetrasiloxane.
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