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STABI LI ZERS TO | NHI BI T THE POLYMERI ZATI ON OF SUBSTI TUTED CYCL E
BACKGROUND OF THE | NVENTI ON [ 0001] Silicon dioxide filns haveﬂ@%ﬁ@@@ﬁmr
some time in the fabrication of integrated circuits (1C for

devi ce manufacturing. There are many 5 exanpl es of the preparati of*¥#" such
thin filnms of Si02 in the open and patent literature. See, for exanple) the
publications of the Schumacher Goup, Air Products and Chemi cqjg;ag:gI@SA

e.g. User's CGuide For: dass Deposition with TECS , and ExtremaO TECS
(Tetraethyl Othosilicate) Product Data Sheet 2. See al so, Mbddel i ng of

Low- Pressure Deposition of Si@rrigy deetpmrepaVtNeTORf 10 TEGS3) and The
Deposition of Sil i con Dioxide Filnms at Reduced Pressure4. There are

nuner o j our nal for the
dgpom ??ojn ch)f Si 02 %jrq'g @é;@éé@g?g@%%g@%@ﬁ@ﬁ usi ng such
techni ques~' 9 15 [ 0002] by CVD oxi dati on of

silane (SiH4). New source materials were needed in order to namintain good

Fi Lo deposi tea 11 om t ot SRGHERORAG R THE AT, (00c o7 “sten

coverage pr G‘5)ert| es conpared to SiH4'. TECS is considered an industry
standard J80¥tk Silison ﬁ@xamﬂms PREe hesn usedbforsane tingedn ithe zﬁatvrdnaélqm ef
l'iquid, providing for efficient vapor ,I|~V~~~ A~~~ delivery and general

ease of hamepratgd dircuits (Im:)rfpysenmiumﬁductmrdiavideemahufa;tunﬁrng:vﬂ'dese are many
significant safety advantage over silane. It produces dielectric filns with

excel | gnt ghAfdied oRlthanstepardlRAl 6R5udH @Iﬁlﬁrﬁlhﬁsoﬁ SICDE‘IIH ¢héd Vpefeand friese
manuf acturi ng applications. 5 [0003] The chem cal

3, hyl I L abl
%romSSZhIﬁ%%r%@éogs%?l@t%éé@% I'S E’r‘fgﬁblg@)eve %A?I rﬁéélﬁ%&v@zgﬁr@g@ ©
t I t t f Si I I
"2 & high FERRES GRTAEREBIAR G- op e WeRs® CRIAR Eai « Fleos DRSS cal |y

desi gned to satisfy the critical demands of the sem conductor device
manuf act uriGfdSi,nandt Extrema®e TR (Tetrettys Oxthesilicatek Hreduet Desa Sheetf.or

the chem cal vapor deposition of glasses and doped gl asses for various
di el ectri Sde latscafdbdelig ofid cwhessurer Beposifion lof 8iQLby eDetordpesitonrafc,
gate and thick oxide2. It provides simlar safety advantages because of its

non- pypopTEDS® aafd IPha MERESIHSH T SHEYR Diokite FiRTERat Rédided Peesdredf
TOMCATS type si'l oxane and TEOS are 135C and 168C, respectively. The higher

volatility E%Iﬁertoﬁgﬁo r{a?)é?ﬂﬁe@lt VI%vleRN 'i/QrbcP WD Y%Iﬁﬁg@és W’V‘ﬁ\%

t enper at ure OI’ Wt he I Cl enc npar a errpera

deposi tion rat Q0C_.,with a osition

efficienc §°§ O}hﬁid%fa"ﬁti% Piap E@E%Lﬁfe 1Br fE’@stq)egqq e USIG SUSN ar

to TECS II’tI thhe corgformallty and step coverage of the resulting filns'-12.
echniques

15 [0002] Early SiO; films were deposited by CVD oxidation of silane (SiHs). New
source materials were needed in order to maintain good step coverage as sub-
micron patterned electronic devices were developed. Films deposited from
tetraethylorthosiicate (TEOS) show superior step coverage properties compared
to SiH,. TEOS is considered an industry standard source for the CVD

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

1. A
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[0004] In general, Si02 filnms deposited from TOMCATS type sil oxane exhi bit
extel | ent nechanical and electrical properties. The films are dense with
low 2  carbon content and refractive index val ues conparable to thernmal
oxi de. TOMCATS type siloxane is effective for |ow pressure chem cal vapor
deposition (LPCVD) and as a liquid injection source for plasma enhanced
chem cal vapor deposition (PECVD). The later nethod utilizes plasnmas rather

t han t her gelivéryeand dyenerapreiwet of aiidling! rl?&@'frilcﬂ'n%/-ro KddA Tand yipersforexane
PECVD is typically run at |ower tenperature than L D (400C vs. 500-600C).

0005] DegRik kl b

[ ted abnifed 8oL ARNT aaloHEht Dl aRE, T palass SIIEHETRES, o
10 devi .. One_dj sad f, T TS il is its instaghilit
W th r copBih PEHISTS HPFE AR Jc MR B R ORSH  BRRar R [dHomAh) Beyee'”
process conditions. This results in a lower volatility liquid or gel that
creates CUEMMRCIHERY RRRAECAHANS ssues. TOMCATS type sil oxane pol ynerization

is catalyzed by acid or base. It has been observed in the present invention
experisrentally to be 15 particularly sensitive to exposure to bases (see

Exanpl es 9- bel ow). [0006] Pro d. heat| f TS type sil oxane
(Exanpl e Eoélo]q']agjhﬁl sodﬁf%'@!? hov%é»g%iﬁrﬁmﬁt%ﬂgﬁ?ﬁ?a@ﬁ@mﬁﬁ'&en?s‘i’"ft\/en??‘on to
pronote pol ynmerization. The degree of polynerization can be very mnor,
account i ngGMEAJR®) silovana| availablenfiem dbchumachamef Garlsbadndeh) dewnder

conditions of prolonged exposure to elevated tenperature or to certain

aci ds or Heselspnrntssanhéwsouste materdatfootheCVD preparation 6fSiD tglass'f'.a
hi ghly viscous liquid or gel containing over 10% by wei ght of oligoneric or

pol yneri cTeRIC AT yﬁe§i|o§59893 h l‘ﬁgﬁﬁﬂﬁi‘éy velfaﬁreelérqiﬁg ldr;é’%drtgér Bﬁér‘iﬁca?'tﬁatriglc ate

to the stabilizati Il oxane. “Hi r abayashi each the use of a
triazjne { I " i ] . | Sl an
al i it o Sordel:FesiOnRL I8 s=08fithe, o3 Aotk aR o sfb Seiti ol 5! 35k
such as TOMCATS type .sil oxane, a p i 5 groyp catal yst. Thas

i nvent or sW%&gﬂCtPﬁgg dRQUSTY- ¢ ﬁékq R.géﬁ, JESM&S‘metyg@ sligxane ¢ ngpggsgdnﬁqut ure
that is stable and resistant to premature gel ation at roomtenperature and
t hus provth# eemicatnapor depesitien of glasses and [doped]|glasses fer various Bialeetttose

the use of di- and trihydrocarbyl phosphi nes which 10 act as curing

i nhi bi t or §ilrh @pplicatims $ucmas arsnehi fill, igteriélel)dielektrity lgatedhdahick ddde®. It
conpounds contai ning silicon-bonded hydrogen atons (e.g., TOMCATS type

si | oxane) prayided 3binfild?! Ay SatadBY 2bebAlsd V&t - itd-Unhdngyraphorid bRyt hat

the inhibitor functions by Conplexing wth the platinum catalyst rendering
teacnts « Hane@ogyS TR TEY ke b iitis e TRRICATE bl Sidtanst Bty o
the plati 1£8s aatrtée1I it §é°Cd%tngr‘5 égl%,tr%espectively. The higher volatility of TOMCATS
type siloxane allows it to be delivered at lower temperature or with higher
efficiency at comparable temperature. Its deposition rate is 10 times that of
TEOS at 600°C, with a deposition efficiency 3 times that of TEOS?. it is superior
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
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copol yneri zation of various m xtures of polysiloxanes. 20 [0010] Berger et
al. " propose the use of an ethylenically unsaturated i socyanurate which
functions in a |like manner to deactivate the Pt catal yst rendering a

cur abl e organopol ysi | oxane conposition stable to premature gelation. -4
[0011] Endo et al. '8 teach the stabilization of cyclosiloxanes) such as
TOMCATS type siloxane through the use of 1 to 20 wei ght % of

pol ynet hy caddorsidomterte ands uefraétivel idddx Valbes Scomphrsilenesd hnetriabidxidane. 5
[0012] The patent references cited all teach the use of various agents that

i i foinon of

in one NMaREM ggkh i;pi G0

pol ysi | oxanesc;?‘(lﬁ)rrsal ri%tr?s)aaggp' ié(":ffae,t[c?g%g&: WRQ@PT?@Q%W%M Oi)‘ﬁéuplgtgry. None
of thems i or_suggest applications as polynerization_ inhihitors for
D sour B GHEY A BEE BBl RisctRblstlicA3nl PlASTA efBahiad chEPcaEVahdrer
SUMVARY OF THE | NVENTI ON [ 0013] The present invention is a process for

st abi | i zi AgPasitansHEGYRY cybeodetar meathesk tizeg Hlasmnaporafher than itearniadled in
a chem cal vapor deposition process for silicon oxides in electronic

mat eri &l eaergyc o i promodepchiamicgl peactiatisng TIGMAATES ftypei siboxameu REGYD ais
neutral to weakly acidic polynerization inhibitor to a substituted

cycl ot et r agjidayann HaestenserbRirb AN e POVDAE0°Rys H0Y-600R8).0 "SI / R ~.
~ ~Rs Si %ﬁto ‘Zi R~~~ Ra Rs -5 where R'-'m(g)r‘e i ndi vi dual I*;Z)sel ected from
the group consisting of hydrogen, a normal, branched or cyclic C~_~o al kyl
group, and a C-~ al koxy group. The process can also include stabilization
w th a fr §@005dDesbite cthessoadvariagés) IFOMORTSr ipensiloxanenhasnexper@needa
conposition of substituted cyclotetrasil oxane stabilized agai nst

pol yner i zgkjital é'&%btéﬁ'cef‘ #RNENCYD syare fclﬁeﬁfgghﬁrﬂﬁaﬁbﬂﬁgsﬁ SémfcoNdRgtlrsor

for silicon oxides'in electronic materi a rication, Conprising; (a) a

substj t ut | o r agl.l hayi I i I a; =S R2
o'\ 5 19 BSyiEes; “OR BauREARRe BF TOMEATS W iliane s ingfapity !
individually selected fromthes group consisting of .hydrogen, a nornal,
br anched BFSREFE| B PEVIMETAROAN QHEATh SXRRGER. 15, LeialbsghenGals, OinBIqaessa
neutral to weakly acidic polynerization inhibitor. The conposition can al so
i ncl ude acenrdionadiThig ras@uﬁwmgdcweusola&mmhnam oesarthetreremtes-CVIBEPIaeeENTI ON
[ 0015] The chemical 1, 3,5,7-tetranethylcyclotetrasil oxane (such as TOMCATS
fSi | oxane auadlirgissuts OMGIDATES haye sifoxaael sdipderigdtion i catalyzed by acidasr sor
or
base. It has been observed in the present invention experimentally to be

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

[0006] Prolonged heating of TOMCATS type siloxane (Example 1) has also
been shown experimentally in the present invention to promote polymerization.

The degree of polymerization can be very minor, accounting for only several

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.



t he chem cal vapor deposition (CVD) of Si02 for sem conductor device 20
mahuf act uri ng. TOMCATS type siloxane is currently under eval uation by

sem conduct or devi ce manufacturers for use as a CVD precursors for Si02 -6
because of its ability to formhigh quality filns with excellent electronic
and nechani cal properties. TOMCATS type siloxane is known to polynerize
when subjected to extended periods of heating or upon exposure to certain

chem cal s[000T]t Beveralrefdrentesmn the phiosartt lefate e the stabiligatiorpadisiibxase.t hat
inhibit the 5 polynerization of TOMCATS type sil oxane. The effective

addi ti VesHﬁ%Ea?%@eét LU § oDy Y b{a&itﬂéﬂgg’: &h sBIf@evaéd’rﬁPolriﬁg%tﬂQof rom

4.88 to 14 ow concentration of the a tive does not s Ificantly
i npact th rall product purity, nor. |sS..it anticipated to haye a negative
| npact onSERLLE: P A copaised ot HipbAtic fRuEeT Gupy saltaafay S8
10 [0016] Therefore, an object of the present _invention is to elimnate or
i nhi bit tAKaNePPIMsHPXaNe eamepurdnsichsas JRMEATSMYRE sil¥ane3nd aflatinym
process conditions. These TOMCATS type sil oxanes include substituted

cycl otf%t r gxilpocatast.ofThiose ihvemtorsatedeh tRe IRe dbtHestriszévecoRsulfideragent to

i ndividually selected fromthe group consisting of hydrogen, a nornal)

branched ﬁi‘\/ecﬁchﬁiﬁtu%-t‘n@t ajsk ¥tables oat) re8@tantCro prahietne Yedativn [0AcdmThi s
i s done through the use of additives that inhibit the polynerization of 20

TOVCATStmp I a1 j L swgrmal |y favor 7

pol yneri zat o%'l.alt%e prfé‘s&%ﬁ{m?@\‘}gn%*tgﬁa%%%g&nrg&?gkéebs!m?hat certain additives
are effective at inhibiting polynerization) such as 2, 4-pent anedi one,

1- hexanoi ¢ acid, glycerol, acetic anhydride and

1,1,1,5,5 X n$ gi hdH R i iR ent
i nventi on[i nc ugg?t fé%bfjl kgitsg?gg,r‘tﬁseu%éyggh%%% %)ﬂgggég(%)a g;ﬁﬁglg?!whgt@iv?ﬁl@ﬁ

U wnln Geg 8k gl Hrgide e Lﬁ?{ﬂﬁ%’ﬂﬁ%ﬁéﬁ‘fﬁiw Higgt yadleds: (2) Sogj
P o’ Bompotings’ GagaaIed coBtandad AUEBIEPIAREIEIBS. CIMCATE WP

hydr odosi | oxanes, such as R3Si-(OSIR2)"-0OSIR3) in which 0 < n 10 < 8. R
as used abitax@ne)sanddidyialpéatinuns greup adetal @atalyet. glotp et @lscleimnigabithe
hydrogen, and a normal, branched or cyclic C, .~o0 al kyl group. [0018

Conpar at i inhildir fuactiors by doneplexiad Witk de iptathuan ¢alaydterendiringiit maetivabl i sh
that 1,1,1,3, 5,5 5-heptanethyltrisiloxane is an effective additive that
15 det er sfpQlupaBRLERE dtihghen present at concentrations well bel ow that
described in the prior art 'e. These additives are collectively

char erized as neutral to weakly acidic. The additives identified herein
contain only carbon, oxygen, hydrogen and silicon, as in the |atter case of
the sil ox[0008] whishsipiilee patmtt Chalk8t itéachiecdhpoaséi oh acrgibnittie type as
H20 and CO' C02 in the CVD process.

compounds that reduce the activity of the platinum catalyst deterring the

copolymerization of various mixtures of polysiloxanes.

20 [0010] Berger et al. ' 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.



20 Furthernore, the additives were found to be effective at | ow enough
cohcentrations, such that they do not significantly inpact the overal
purity of TOMCATS type sil oxane. -8 [ 0019] Additional additives
constituting free radi cal scavengers can al so be added to the substituted
cyclotetrasil oxanes. TOMCATS type sil oxanes are sensitive to oxygen at

el evated tenperatures. TOMCATS type sil oxanes react with oxygen form ng

ol i goneri ooty Eridoresti @l.specisaghathé estabilizations ot qewllodipxanes, wusht exs t han
60C. This is significant because oxygen is comonly used as the oxidizing

[ I I d E of h
depositon TCB0s FHewe FParer R [TRE e 0Bt L d %ﬁ%@rgﬁeﬁ@iﬁé"ér?‘i}nﬁ
by det t th f t
okt hugy T 30eh g & 1 oheonr R Ame R RIOR . L o7 10 ar o

2,6-di-tert-butyl -4-net hyl phenol (or BHT for butyl hydroxytol uene), 2,2,6,6

t et ranet hyl - 1- pi peri di nyl oxy (TEMPO), 2- tert but yl - 4- hydr oxyani sol e,

3-tert bu R Y, i cid,

2 (1, 1°a 913N 3R ??f’éi“‘t‘iéﬁéefﬁfg%én% ey RSiesn ot se o NefbOYaderie that

4-tert-but Icat echaol, N ne ani. | tho di phen Iam ne

di phenyl aff'fie, qqnq@r &rpﬁef‘i{'ﬂ& 't)ﬁtgﬁylpé’wa g Q5. ﬁ9(ﬂ%¥(9@f'ﬁﬂml%m ne,

phenol , octadecyl - %g 5-di-tert butyl-4- hydroxyphenyl) pr opi onat e,

tetrakis pebysHoxanes 08 verigus applications|in the kiligen xybbsidndestin ahiane)of BeMane,

phenot hi azi nes, al kyl am donoi soureas, thiodiethylene bis

(3,5, -di- spebiﬂbm)eluggebtydppﬁca’tibyidramboiymm‘m,tioﬂi,iahibliibss far, 6Vl sources in

tert-butyl-4-hydroxyhydroci nnanoyl ) hydrazine, tris _

(2- et hyl e Béﬁ'fé&ﬁdu’étdr%év:e’eonﬁ%wéd?mwHdu'éH'Sla“e cyclic neopentanetetrayl

bIS (oct adecyl phosphite), 4,4" thiobis (6-teft-butyl-mcresol),
qﬁthylenebis (6-tert- butyl p cresol), oxalyl bis

(benzy i denehydrazi de) and naturally occurring antioxidants such as raw

seed o0ils) wheat germoil her, (0020] To attain the
obj ect of the present .n%ﬁﬁﬁi@\"gﬁn@ﬁ‘gﬂ&\’ﬁiﬁmw t he pol yneri zation
of TOMCATS type _siloxane under typical CVD process conditions, a standard

| abor at or&OQ{ﬁt Thes rresani i isMentian tis tehepiosesat for sabiiziegata neubsiibuted
normal pol ynerization process. The accelerated aging test is nmeant to

si nul at e tchelotetrasiibxame ragainst polpcesization wyedi inati chrerhicat vepor diepppitioal | y
occur over a nore protracted period of tine. This test, which consists of

exposi ng %ré@é?ésefbrcﬁﬂﬁfohzoﬂ!i@@% %I&ftrowgnw%r%bh@%%ﬁwﬂr%i@ %Yé\ii@i@'ig
'terrperature for 5 days, is referred to in the present docunent as

"accelgrabads RALRR LARfunt tcﬁ %‘%&i}%ﬁ@%éi{l? idie diﬂﬂ@h?édiﬂﬁgiﬁrﬁ

consi derably nbre severe ype s
in atypi C%Estcfv%oo cyccio’teframlc?xa"’rliet I¥§)\'/irci§1 i Fo(ilowmg iormula:

jec egto
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aging test, the anmpoule is |oaded with 3.0-7.0 nl of TOMCATS type sil oxane
and pOSSIb|y an additive to inhibit polynerization. The TOMCATS type

sil oxanel additive m xture is cooled in a liquid nitrogen bath. Then, the 15
at nosphere above the TOMCATS type siloxane is evacuated for 5 mnutes. The
neck of the quartz anpoule is subsequently sealed using a hydrogenl oxygen
torch. The sealeg7anpoule is placed in an oven and held at 120C for 5 days.
The anpoumkbere Rémavedndinigiually esdected feaml theograsgmeossistingtafr kydrogen, a

conent Bpfd 4gBpRIoB g TR ARIEB nd 8 B2 M6 igls e 20

quant i t at prgdassBanGlso TitlGdé SEIbNiZaten with & faceSraafdal s&a\/ériq]etet ecting the
onset of polymerization as evidenced by the formation of 'higher nolecul ar

wei ght species with longer retention tinmes -10 than the parent TOMCATS

type silo p .s'I an a Ie L. are determ to be
i in LRSS BRS CYERL . &8 Sed o Roromiid y oo Supiigec
The oI i goner.i pol ynmeri c _si] oxapes tend to |rrever3| bly contam nate the
st ati onar $Y¢at %‘@SJJPXQ’{% stabilizad, Agamst RAymagzationoysed 4g) %tﬁhei“ﬂ'ﬂja anBRUBw
volatility. Such sanples are qualitatively described in the present
i nvent i ondepositios praseser ashanpeE@wsqrdpolsjlicen, oxidkesi ¥t ezlectronin maéamaius
observations. [0022] The polymerization of cyclical polysiloxanes is known
to be cat fﬁbrm@ohycéﬁtpﬂstrige {aﬁel @hbﬁhtdﬂéaecyckﬁé@aﬁmfahedm&m?’ahe dolfoveinggest
that the polynerization OMCATS type siloxane is particularly sensitive
to exposu;&nil_ga_bases such as amonia (NH3) or anmoni um hydr oxi de ( NH40H).
The result of exposure of TOMCATS type siloxane to base is described in
Exanpl es 9-11. In general, additives which are neutral to weakly acidic in
| ow concentration were found to be 1 effective at inhibiting
pol yneri zation. Weakly acidic addh with pKa val ues ranging from 4.88
to 14.15 substantially mnimzed theSd-eg-F@e of ROMCATS type sil oxane
pol ymeri zation. This is |IIustrated/|n Exahpl 2 4 and 6. Simlarly,
acetic anhydride, which is neutral®on an aci ase scale, was also shown to
i nhibit polynerization as shown in Exanpl e 5| TherAbdditives were generally
20 found to be effective over thestoncentratdon range of 100-1000 ppm
(0.01-0.10 %9 . This additive co NatloMs | ow enough such that it does
not significantly inpact the O\fﬂ\ba” Gruridly_of the chemical relative to the
additive-free source materi al ne of the addrRtives contain nitrogen that
is believed to have a detrinental inpact bn the quality of the resulting
CVWD fidnms. The additives -11 descri'bed ERR this invention form sol utions

h TOVCA | h
nadi 1 ves Whese fSET e TaREBly (oFeded oo SR pofStnd YRt dTepal o
CVD procegpgriyl, Wréhét@e@hrkgéhd cqqhemt}tt b?édpprbrﬂ‘ﬂ G-I}Eea!koﬁ‘lj'%%@@' afd\fb) a

physi cal characteristics Bl ank [0023] In general a one or two
bl anks (aaéutrat/éofweeklycammspptymereialtlcname)bltner e encempoemenyceetaleo

stability,. £ | n this invention. 10 Several different

bat ches otl %@%ﬁ“ﬁ%’%ﬁ%&% source material were used. For the sake of
clarity, all the results fromthe blank experinents were included in this
exanpl e. The volunme of the anpoul es used for these tests was typically 80

90 nl. The quartz anp@ETAILED DESCRIPHON OFEBHEINVENTIONNg with distilled
water, then with reagent grade acetone. The rinsed anpoul es were placed

wer e ?erlritm#?%%%“ e't‘é"’ss%* 3o A B R Bl B s O ars
I h ] | d
the-open_ SO pral B an SRy fRRE el GAL e BB B A R b B,
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-



i'mrersing the end of the anpoules into a liquid nitrogen bath. The air was
20'renoved fromthe anpoul es by subjecting themto vacuumfor 5 minutes.

The ampoul es were seal ed at the neck using a hydrogen/ oxygen torch. The
seal ed anpoul es were placed in a nitrogen-purged oven held at a constant
tenperature of 120C for 5 days. After 5 days the anpoul es were renoved from
heat and allowed to cool to roomtenperature. |If the sanples were deened to

be hi ghly betguse VdeIiQUé?olmy gokdreh Mighy i flsdity iR aRith %)(dé'ﬂéﬁt WRERroid and
anal yzed by GC, but instead they were assi'gned a degree of polynerization

of ">10 f / ous
sanpl es W‘%@}?r‘wrﬁ%gﬁ'ﬁg aTg‘&C)Iﬁgr gyygcogﬁ?@% l%(il(r@ggg?@g%yrﬁ?ﬁ%i al ysi s
was not car t for extensively neri zed sanpl.es cause hi

ovel's of Sblesfadta el@ndl setiaditheathg QiRoH FredSBe aérarsﬁﬁmw%ﬁe

bl ank TOMCATS type sil oxane sarrpl es descrl bed in this exarrpl e showed an
increase i this yieenticn iwen diselgsagther diseo of svatious @dslitivest thet mfbitetha t s
are summari zed in Table 1. 10 Exanple 2: Spi ke of 100 ppm of

2, 4- pehit apellinverizatioh2d] TOMBAMBotya sitowere. ndife effebtive additivesrareoéither

2, 4- pent anedi one was added to an anpoul e previously cleaned and dried as

descri bed neltrBX 8rRleakly abRlid Wlﬂh ﬁKH%I@es’Sré)n g Ffort QB8 e Wg% S'l'héxlBWe was

added, taking care to Tinse 5 any reS|g(]ha 2, 4-pent anedi one liquid

t hat renai S

or epar od. Bt @ﬁ%@ﬁ%{éﬁ%ﬁ%@?ﬂﬁ%t Qwﬁﬁgmﬁgﬁﬁ%a%ﬁéoq%ﬁéﬁéﬂﬁdw

2, 4- pent aned one. TBe anpoul g s seal ed and, heated for 5, ;l 120
descri bed PH aniicipaied QA @veA pegabva Bneactemine PHt'? ePWP@E&sl‘P
color or clarity of t he TOMCATS type siloxane sanple by 20 visual

i nspect i oﬁ%f&%ﬂtlﬁm&ln’tﬁ)mﬂd@cedrbycéVDhe accel erated aging test as conpared
to the pristine sanple prior to testing. Simlar tests were done on 3.0 nl
to 7.90mM sanples of TOMCATS type sil oxane spiked with 100 ppm of

2, 4-pent anedj gne_addjtive. |In each case there was no detectable visible
changes i 09 Jhepefore.1an objgct of the:prasegt investiends e edmindeRdnaRt ther ease
in polynerization ranging fromno increase to 0.35 w.% The results are
summar i zepoiymerigstioniof TOMGATES 8ypeSpildxanefuntied typeah @VDhracessicanditionsie 5
[0025J In a typical experinment 5.0 mcroliters of 2,4-pentanedi one was
added to mheéﬁp'D@mAQTSVt?/péSélhbxﬁhéélﬁl%iu@él%L@@tlﬁﬁe@%ydm&faéimahés Rofathel e 1.
To this anpoule 5 TOMCATS type sil oxane was added, taking care to
rinse dowg, rhf“ﬁ hdual 2, 4-pentanedione liquid that renmained adhered to the
‘inner wal | the 10 arrpoul e. The anpoul e thus prepared contai ned TOMCATS
type siloxane with

R1
H_|
N
Si—0 R?
/ ./
O Si
] | Ng
g o)
/ No—s?
R® ,\ R
15 R’

where R'7 are individually selected from the group consisting of hydrogen, a
normal, branched or cyclic C1.10 alkyl group, and a C4.4 alkoxy group.

[0017] This is done through the use of additives that inhibit the polymerization of
20 TOMCATS type siloxane under conditions that would normally favor
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1000 pprn by volume of 2, 4-pentanedi one. The anpoul e was seal ed and heat ed
for 5 days at 120C as descrlbed in Exanple 1. There was no detectable
change in the viscosity, color or clarity of the TOMCATS type sifoxane
sanpl e by visual inspection after the conpletion of the accel erated agi ng
test as conpared to the 15 pristine sanple prior to testing. Simlar tests
were done on 3.0 mM to 7.0 mM sanples of TOMCATS type sil oxane spiked with

100 ppm opoRmferizativaneThensresdri inventiohnderaohsicates thaecerais adaitilesesieabl e
vi si bl e changes in the sanple after testing. These sanples showed an

increase pffePfle/ H?fdh?&lﬁh@i&o%ﬁ%(i%oﬁr Q%ﬁg%ﬂ%ﬁﬁ%ﬁqﬁg Om;ue%ngﬁeacﬁ&w' ts

are summari zed 1 n Table ppm of

1- hexanoi [ 00 crollte ers hexanoi ¢
acid wer egyggtog %ceé@lcﬁ%&yg{% QHHOJI’Li %53’\7&%’@?9@?% Fﬂ?@ngnd i’?h'éﬁo
described in Exanple 1. 25 7.0 nml and 3.0 of TOMCATS type sil oxane were
added to €agtenp! g&%s'éy the peassel é,f!sVenF'@@pé'&'P%I y, Rrdikefapesar 8UEl @snse
down residual 1-hexanoic acid liquid that remai ned adhered to the inner
wal | df t RE(GHPE1ICEO)R Tradiphatioutarboxylic awiep aor dicamioxylie dadidy/CATSht wse
sil oxane with 100 ppm (vol.) and 1000 ppm (vol.) of 1-hexanoic acid,

respecti VRICOOFer mgw gﬁHyﬁr@mﬁl iRdwARH heahed & Phenhots,d0ch ak GARE as

described in Exanple 1. efe were no detectable changes in the VISCOSIty,

aitor CneniGhin B Fhichof <ths meadPcodtn 85 EREXEERORRADs hvRinoX i °"

pristine sanple prior to testl ng. The GC data showed an increase in
pol yner i z&H out at lead®net X0 Ltd ands? <wn .08f anhydriderOMban g RGHSC(O)ehe 10
sanpl es spi ked with 100 ppm and 1000 ppm of additive, respectively. Results

are summag O%i'éﬁgi R &rodgéﬁcfﬁﬂngfgsgﬁghé% égé’iRzéLQ@@m? T Whids Bl R

anhydrlde mcrolit m'crolrters o acetic

2 e r.s“ﬁr'fnadde BE3Yes i mENGHUBNENTRisaeR, Tt e AP, RS SN T

each anpoul e taking care to rinse down residual acetic anhydride |IC]UI d
t hat renmahyd®wognhand@ nermaiebianebedwuicyclis Cy ealkyigroups. The anpoul es t hus
prepared contai ned TOMCATS type 20 siloxane with 100 ppm (vol.) and 1000
ppm (vol .) of acetic anhydride, respectively. The arrpoul es were sealed and
heated for,. 5 at 120C as described i n Exanp here_were no

focugd b

det ect abl parative datacas also MIWG%KEE?@MQ ﬁ &nd; hableolrArkichy pe
si | oxane sanpl e by visual inspection after the conpletion of the
accel er at edta@@shngthabsmds3,5cﬁT§ma@dbme'trt}4|tési|IManei ise apaefieetivel additive that
15  deters polymerization when presen;c at concentrations well below that described
in the prior art '®. These additives are collectively characterized as neutral to
weakly acidic. The additives identified herein contain only carbon, oxygen,
hydrogen and silicon, as in the latter case of the siloxanes, which give rise to
volatile decomposition products such as H,O 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 overall purity of

TOMCATS type siloxane.



prior tp testing. These tests were repeated twice nore for each additive
concentration. The GC data showed an increase in polynerization of 0.08
w.%to 0.38 w.%for the TOMCATS type sil oxane sanples spiked with 100 ppm
of additive; and an increase in polynerization of 0.14 wt.%to 0.38 w.%
for the 5 TOMCATS type sil oxane sanples spiked with 1000 ppm of additive.
The results are summari zed in Table 1. Exanple 6: Spi ke of 100 ppm of

gl ycerol 100190 2Rditicrialngddifive8 ocunstitutingefreg rddicaly seavengsss caidalsd dean
anpoul e previously cleaned and dried as described in Exanple 1. 5.0 m of

TOVCATS 1 yjaitedli k@ XPBE sUBstitatide SyERtdthivRBNes. € TOMCAT T aySe L SlidxaREs SN
residual glycerol liquid that rémai ned adhered to the inner wall of the

I
anpoul e. : I S i T- Sk i 100
oo (voi . eip B W) SoloBiPaPERRAIEIABL RS, I PUMCATS BRectIfePes et o
120C as desgribed ip Example 1. Ther s no detectable change in the
T 9coa: ty MELPRG8S TG RySaierkHELRERTEI SReGr &l dEPSIigres 69Ut Gia)
inspection after the conpletion of the accelerated aging test as conpared
t o t he5pricstgraates4han SU3EL of hisoistsignifieant terause oxpgensiscoRrumonly needase in
pol ymeri zation of 0.12 w.% for the 20 TOMCATS type sil oxane sanpl es spi ked

with 100 piven otidizihdj gagein Piasrmasehhancad chemieal xagor riepasitivonl (PECVD) e 7:
Spi ke of 1,1,1,5,5,5-hexanethyltrisiloxane -16 [0029J 3.0 microliters and

30 mi crol inySEess@s for ﬁédéPésitiégQgﬁ@gWﬁﬁ tffdrﬁi'i'@mgﬁy;ﬁ‘e q d.orrRaeh of

two ampoul'es previously cleane ried as described 1'n Exanple 1. 3.0 nl

doun rosi 0a1o0g s RSy Sa P SheRerTTRAcRER T HHEReR BT BEro e a0 ReS
cont af ned FARRHORTBBTRY < B 8 TAOICR! S0BHeasFe STISNAISd i meip Oy cefs
1,1,1,5,5,5-hexanet hyl tri si | oxane, respectively. The anpoul es were seal ed

and héét edre o2,63lidestdulyl-4-orethid sphiral r(ob BHT rfobxtautplhydoxytiidene)we, 2,606
det ect abl e changes in the viscosity, color or clarity of the TOMCATS type

10 si | oxanetramethys-1byiperidingloxiy (TIEMPOYN2aéitaiutyiehparoxyahisole, d-térhbutyl-
accel erated aging test as conpared to the pristine sanple prior to testing.

for the TONNTE Nl | o e S s Sm ad 102000 ppm
Bxampl e 8 oTRplRAARF) 14 bEnaddlubE " HikpaRleforg iRz o 2eR d8sBietholo No
cach of ¢ MEBYRRIGR cs PINEYIUeOVEIRBE. andRaenUaTBSdo i cHaneRY R
Exarrpl1g 1'ph?éhglewedicgmi-ll'-mg,vcé-rhsydtrggyedipstiénoy)l(:nr;?nev,vasphae?\%ﬁd gc?ac?ggyrl]-f(g?so-léli-?ert- |
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-
20 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 naturally occurring antioxidants such as raw seed

oils, wheat germ oil, tocopherols and gums.



taking care to rinse down residual 1,1,1,3,5,5,5-heptanethyltrisil oxane
liquid that remai ned adhered to the inner wall of the anmpoul es. The
anpoul es thus prepared contai ned TOMCATS type sil oxane with 100 ppm (vol.),
10, 000 ppm (vol .) and 50,000 ppm (vol.) of
1,1,1,3,5,5,5-heptanethyl tri sil oxane, respectively. -17 The anpoul es were
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 siloxane sanple by visual insgection after the conpletion of the

accel er at §A02Q)i N adsin the objeshraddthecpresenpinventine toaeliminate iasrinhibitt ¥t i ng.
5 The GC data showed an increase in polynerization of up to 0.33 w. % for

t he TOVCAPSIynygrézationcofalr@MCATS ?ﬂ)@ﬁidﬁad\evﬂﬁd”eﬂtmcaﬁ Ovbrprotess edndiitivass of
additive. Results are summarized in Table 1. [0031) Exanple 8 is a

conpar at i ye j {,C i ttes ti 1 J on
ol ¢ o SRR debotatblyfest 3 SPREnas, i 1R RISH! fcRoSRpreRg e
1,1,1,3,5 - dtrisil oxa r i i m
(5% b wapge PoNE R rBeeticd Pa e it Ahd dEeaRIbRaNT S SRR
effective at inhibiting %gl ynmeri zatjon at ,concentratli ons, bﬂow the 1 wt.%
| ower | i nth€ A\oaM@e FoSe i Sradualapolymerization thpk weuldstypigalsr oeeubpMehAd 150
ppm of anhydrous ammoni a WO rex Schl en asks equi ppe

f hyd [0032] Two 100 ml Py Schl enk fl ask d
w t h si demorespratractad petiotd of iime. chhisdesteavhich gonsistsuaf ekpesingre séalesks
were thoroughly dried by heating 20 intermttently with a hydrogenl oxygen

torch whi hgapildmpeuls of TOMODATS type diloREKS té Blevatst tdhspsriatleedbnt dalBeis
flasks were isolated fromthe vacuumline by closing the stopcock val ves on

the sid 50 i114naf ' ' ot h of
€ side afEbrodPtd iflthe e\;%@%ﬂ%%chﬁ%tS%%?Péﬁgﬁcﬁgrértgg@@@%s{f‘ THeae" ©

the flasks by i1 njection a syringe eptumon the top

of the.flask...The two fl] asks re back-filled with dry,nit z gas
Lo antd entopHEibEs ar LndsSiipa iR e, SBSipeiah ey e i T B TR e

i ntroduced_into each of the two f|asks. The flasks thus prepared contai ned
TOMCATS t ?B@X%ﬂq wRHlkkbe pup@@tead t%'nl%twﬂﬂﬁﬁléﬂép PEPEQHSM |§rﬁr&ﬂ'¢a’=‘| Wcﬁ}ﬁr Qjﬁ@
respectively. The flasks were allowed to stand at roomtenperature for 24
hours. 5 @gingresslthquemhpsowé iF @adetvitly B0-2id o af § OMCA TiStypeasilokanenandch of
the two flasks by syringe 2 hours and 20 hours after the beginning of the

test. Thepbesibiysagnl esddigve adaliyzib olwhetizatiter er nThe tTOMGATSBt 8be
pol yneri zati on. The sanple of TOMCATS type sil oxane spi ked with 15 ppm of

and 20 hodt X1 aERe UL E8bI iR ac i st (ST  Thed, S,

with Jrg’ 0 %?nmoggaheeréBabsohv%V\ﬁ% 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 to cool to room temperature. lts 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
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increases in polynerization of 0.10% and 0.17% after 2 hours and 20 hours,
respectively. The results are summarized in Table 2. Exanple 10: 15

Si | oxane/ 100 ppm of 2, 4-pent anedi one spi ked with 15 ppm and 150 ppm of
anhydrous amonia [0033] Two 100 ml Pyrex Schl enk flasks were dried by
heating on the vacuumline 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 mcroliter
syri nge. 3han ntheopar@mCACMCATS dipe xsiloxanes peak.s e JIRMCATS ntyped sdexariant o
each of the flasks by injection with a syringe through the rubber septum on

the top ofsahiisles tinstkare dutetiiMed S ey oR High Qisabsitytasy diddarinspestisihafe RBONET

to ensure that residual 2,4-pentanedi one was thoroughly rinsed down from

t he si des (Qfi+i eggwo : - ﬁﬁ@f_“ j t r

ni trogen égts‘t"ﬁ%?a%r??rﬁ tg?essm ewr‘%ﬁ@gﬁﬁ{%ﬁd%ﬁ%o' o'fc §ﬁ{%§éj“r%§uég’3§n%bm a

gas were intro ed inta each of, t.he firro flasks he, two fl asks thus

pr epar ed 55?.\(%[% CRBE IR eo?‘ ?tEE'BBﬁWam%HﬂﬁT%GMt%efosﬁ]eéfxlg%

spi ked with 15 ppm and 150 _Ipm anmoni a by wei ght, respectively. The 5

f | asks5weselubility @i t'@WsV@lﬁg iyt Seiehh samplasasie sualitatvgeiy siessribeshdnnthe

aliquots were renoved fromeach of the two flasks by syringe 2 hours and 20

hours aft prederd ibegritiom toghavfe gleatércthan het.Popolyseserpensisimmt withaprexiausy CC

to determine the extent of polynerization. The sanple of TOMCATS type

si | oxane gpskp@tiohgh 15 ppm of NH3 showed 0. 08% pol yneri zation after 2

hours and 20 hours, 10 respectively. The sanple of TOMCATS type sil oxane

spi ked with 150 ppm of NH3 showed 0.07% and 0. 09% pol yneri zation after 2

hours and 20 hours, respectively. The results are summarized in Table 2.

Exanpl e 1100Z2Jpdher polymetization ofecgolival polysiloxanes s Kiow® €84k catllyred dfy

TOMCATS type sil oxane was added to each of two anpoul es previously cleaned

and dyphed [ b N tipBeds W t h
o eﬂﬁeﬂ@é@i %P?ﬁsé. L%E’%?b?eabsms%@g ?%$%99E® g\bﬁ%i h SPAtIRCSE

a side arm cappe aru pt um S type xane sanpl es
in the a I C b Ner.St on in. iquid 20 nitrogen th. The
it was T DCVERTS ke REHheolh BAEDIEN R b6 SKeoniiR B bR AU R

m nutes. At this h{”ge) t he anpoul eiwwere isohg (la_ﬁlafromthe vacuum and 72 n
of anhydr 8RB MNH3)58% ammonivg dargxida Iy b s TNej @SUB P BXRRRHE: Ple
rubber septa into each of the anpoules. This corresponds to 1.0 wt.9% NH3 -
99. 0 wt . %INCATS typre soxanete basgeisadesaribed ineExanpiés@-120 In gadernal,

vacuumwi th a torch as described in Exanple 1. The liquid nitrogen was

renoved awadditives WA AT hgptrabtol waaklg agiti®in lowiiotiogntiation werel foand do be
slowy warmto roomtenperature. The liquid was noticed to be quite viscous

wi t hi 530 gffe Bt ' iLatidP0 RRe4 I 8t di aARe 5
heat ed fore SBEZIWa%e/s%tgﬂ';ﬂt"%rztl(r)1 agyggél%?Elﬁlgd%gExanﬁfj% %dlﬁgée‘s'anpotﬂlgazvﬂeg

ty I;I‘é“i?. Ei%h hg ?@3*.“3‘%%‘@5’B%’g?r%ﬁb%@ﬂﬁ'%igﬁﬁﬁéﬁqﬂ%fﬂ%@% ?ﬁ:@@n@@%&%ﬁ?
G2 and weRlORE GREAEGRo 151 [ollysEReAan CRaBIPIES 0% @nchp. 1 STy,

Table 1 TOMCATS type siloxane Accel erated Aging Tests Using Various
Addi t i ves acgtic amhydride, which is neutral on an acid-base scale, was also shown to
inhibit polymerization as shown in Example 5. The additives 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

detrimental impact on the quality of the resulting CVD films. The additives
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Additive and Concentration by vol unepKa of additiveTOMCATS type sil oxane
purity (wt. 9% pre-test TOMCATS type siloxane purity (w, %
post-testlncrease in polynerization (WM. % Run #1 aBl ank no

addi tiveN. A99. 80< 90% 10Run #1 bBl ank no additiveN. A99. 80< 90% 10Run #1
cBl ank no additiveN. A99. 8099. 540. 26Run #1 dBl ank- no

addi tiveN. A99. 8099. 610. 19Run #1 aBl ank no addi tiveN. A99. 2190. 528. 69Run #1

f Bl ank nodaddmbed/aN,tH@&nGQH&rﬂwniwmldﬁbBbv&nKr@mcaﬁ'ﬂsttypel\éu@&anﬁ?at P
10Run #1 hBl ank no additiveN. A99. 5498. 001. 54Run #2 al00 m 2,

:m :Egg: O% %%@nggggatg@% Oggﬁadg%nb%e”é%d ﬁves are not anticipated to have a

gm Zﬂgg: Oﬁégrg tag%gngaétsengtgﬁu%v Ilgi\glg pﬁogeis by virtue of their concentration
ent anedi one9. 099. 5499. 540. OORun #2 f100 m 2, 4-

ent anedi 0ABY theio chamucal andopinisicat sharasteristics, 4-

ent anedi one9. 099. 8099. 400. 30Run #3 b1000 m 2, 4-

ent anelli one9. 099. 6299. 400. 12Run #3 ¢1000 m 2, 4-

ent anedi one9. 099. 6299. 410. 11Run # alogang) é hexanoi ¢ aci d~

4.8899. 8099. 710. 08Run #4 b1000 m EXRIR i Y d4. 8899. 8096. 862. 84Run #5
al00 m acetic anh BrideN. A99. 6299. 530. 08Run #5 b100 m acetic anh

Bri deN. A99. 6299. 470. 14Run #5 (c100 m acetic anh BrideN. A99. 6299. 230. 38Run
#5 d1000 [AC23]t i generdira dal. 20BvG DENKES@dUitRefred TOMOA TS dype isdoxatte)
Bri deN. A99. 6299. 300. 22Run #5 f1000 m acetic anh BrideN. A99. 6299. 140. 38Run

#6 al00 mverser@l ¥or Evedy w9oﬂ%©aa;ﬁguéxﬁ§nméﬁ@0deséﬂﬂéﬁ 98. fHI99inbeRticHIRUN
#7 b10, 000 m 6MTS*99. 8098. 140. 66Run #8 al00 p m 7MIS**99. 8099. 460. 33Run #8

b10,0 M@

1,1, 19@ ”‘Sévgeﬁjgﬁet% ?tﬁra@% oxane fé%&o% d?aé&%% %eﬁ%@?ﬁeﬁrl si ['oxane
-22 Table Th 4Pe [ Limt th on of
TOMCATS | GE6 08 8 eﬂ%ﬁ#ﬁhﬂm@u{s nuBe Stk Sxemraho Fﬁ%ﬁ[“é’%
Run#NH3 concentratl on by wei ght 2, 4- pentane- di one conc

Pol ymer i zHi$ Exagmier t\emr@ezﬁf tb@@nmq}%psefatfwroﬁhleaett@$tsz\@aww<@"a(t8025CRun
#9 al5 mone0. 110. 18Run #9 b150 moneO0. 100. 17Run#10 (a) 15 nil00 nD. 080. 0O8Run

#10 b150 BQ0MI.NOTHEOqwertd @dREjulés -weresmutinglyr cleamed bpwinsitng atith clistilledhat
TOMCATS type siloxane is 10 sensitive to oxygen at el evated tenperatures.

TOMCATS t WagerS tharX aith réégéﬁﬁg?r\ddé*'ac@w&?nTﬁ@rrmséQ aPhpELNEE Wete PlELaINYITRN | C
speci es at terrperatures equal to or greater than 60C. This is particularly

or ce iS5 SRS ffery 8 o1 eP CoRBTTR i BF 4 FBRS: s Uy Afriolies e v
|l ected 2C L0 120C h b T

b ef er r ca"aHES M é’loxawha” S hfe SEL YRS oo B 2RI ERETOMOALE 986 on

of TOMCATS type siloxane in the presence of__oxygen, To address this

reacti vi t §il @éﬂm@re ypaded I'WPaﬂ@WR%'QedTQﬂQm valygs | wew attaghed tebRi cal s

whi ch function as free radical scavengers, i.e., antioxidants. These
open end of the ampoules, and the TOMCATS type siloxane was cooled by

immersing the end of the ampoules into a liquid nitrogen bath. The air was
20 removed from the ampoules by subjecting them to vacuum for 5 minutes. 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
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scavengers work by deterring chem cal reactions that proceed by a
free-radical -23 reaction pathway. The free radi cal scavengers
investigated as 02-stabilizers were 2,6-di-tert-butyl-4-nethyl phenol (or
BHT for butyl hydroxytol uene) and 2, 2, 6, 6-tetranet hyl - 1- pi peri di nyl oxy
(TEMPO . TOMCATS type sil oxane was substantially nore resistant toward 02
when spiked with either one of these free 5 radical scavengers. The

addi tion Qfscbls qudwbwfnsaw insPEBlGH they Rlerdinodiapalyzed By @T, Mit Mslad

TOMCATS type sil oxane toward oxygen at €l evated tenperature as shown by the
series of t (2 i I £ augm C
nitrogen V\ij’] %F%%g?' %ﬁ%%?@ag (%*ﬁ{seﬁﬁgﬁ%ér;@es;éfr ab?a(5 “Eg]s-l c? %Iv%ﬁ'lp%)épeﬁpl es.
TEMPO was 0 sh vvn t,0 be.an ecti e 02-stabilizer, Aqddi of 50-230
ppm 10 of E’S aF@Qcﬁ'?sG?’yﬁ‘BaéfﬁlsoQ REeYigHs SAMPpIRS ftﬁ‘ébdr@é’I §8P o ot ed
poI ynmerization by over 80% (Table 3 [0037) These tests clearly

est abl | shatmiaieviseasilyincreasehAgain GC analysie wassnefrcarried m&d@rc@meg@uehfnger s
to greatly reduce or elimnate the sensitivity of TOMCATS 15 type sil oxane
t 0 oxyg§enpolyneeried saethles ngedausel high ildvadsl off pplymuygr pengedlbeimevecsiblyr i ng
by the oxygen pronoted pol ynerization of TOMCATS type sil oxane. The

scavenger §bﬁ!§n‘uﬁété14ﬁé SGEORbRIFH At Thef Bfaﬂ(h"l'@MCNFS X pé‘célléﬂﬁne 2sdmplest er t
but yl - 4- et hyl phenol, 6-tetramet hyl - 1- plperldlny oxy, 2-tert-butyl-

2,2,6,
L ol Wi B UILT AP aBhEs f i W*Fﬁiﬁ@n BRI

di phenyl pi.c raz but yl cat echol , iline, ,
p- ﬁet h)(;x;cgr WE%C{ %rbeWt %-pﬁé Srre SN’N“aHF% &PE‘? Ehenyl enedi ami ne,

p- hydr oxydi phenyl am ne, phenol, octadecyl
3-(3,5-di-tert-butyl -4- hydroxyphenyl) propionate, tetrakis (nethylene

(3,5- tert butyl) dr i nat e t hane henot hi azi nes, -24
al kyl £¢n donoi sour easAE)faﬁT‘BI& tsé 1E1?Japp C}fﬁ pentarieooone

(3,5,-di-tert-butyl -4- hydroxyhydrom nnamate, 1,2,-bis

(3,5-di-tert-butyl -4-hydroxyhydr oci nnanoyl| ) hydr azine, tris

( 2- met hy| [0024]d iR aytypicakexpesimentdhBa ynisrdiitarares 2,4 pentanesionswes sdedray |
bi s (octadecyl phosphite), 4,4 -thiobis (6-tert-butyl-mcresol),

2, 2' - met hphearabbsle prévidiesly clednegd and razieal 3s dosatipéd in £xample 1. To this
(benzyli denehydrazi de) and m xtures thereof. Naturally occurring

ant i oxi dagifpdide 580 Af oberomeﬁwweesslokaﬁé aeRBAidds xamhgetarézw i€y Héwn
t ocopherol s ‘'and g 3 TOMCATS type sil oxane Oxygen

R érﬁ%a%&%s&%ﬁ%ﬁﬂaﬁw%f
cont ai nf g, 0ARTb Ol s SRSTIERIL Mepuaa Sxhghed FOMORTY 62 %Bicrad
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 visual inspection after the completion of the accelerated aging test as compared
to the pristine sample prior to testing. Similar tests were done on 3.0 mi to 7.0 ml

samples of TOMCATS type siloxane spiked with 100 ppm of 2,4-pentanedione

additive. In each case there was no detectable visible changes in the sample
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(C) FreeRadi cal Scavenger Scavenger Concentration (ppm 1 day 5 daysRun # 11
(al20None07. 17. 9Run # 11 b90None06. 87. ORun # 11 (c) 80NoneOnot

col | ected5. 1Run # 11 d60NoneOl. 76. 8Run # 11 a22None00. 00. ORun # 12

(a) 80BHT50n0t col l ected 0. 10Run # 12 (b)80BHT100not collected 0.03Run # 12
(c) 80BHT200not col |l ected 0. 04Run # 12 (d)80BHT500not collected 0.05Run # 13
(a) BOTEMPCEONot col | ected 0.82Run # 13 (b) 80TEMPOLOONnot col | ected 0. 82Run #

13 (c) 80TEKEPEsHIMY. Tieddeeshmpicd SHowddan if@aBE §n blynmeridtion fangig peroen
Spi ke of 100 ppm of 2, 4-pentanedi one [0039] 0.50 mcroliters of

2, 4- pent aﬂs%g(é%sma oaﬁ%’ﬁxﬂ.%.oﬁ r%@Bf?é’bF‘e Bﬁﬁ\‘r‘lé}g%'dﬁpfsréﬂléﬁf‘e‘j and dried as
described I'n anple 1. e anpoule 'was equi pped With a quartz side arm
extension capped with a septum To this anpoule 5.0 m of TOMCATS type

si |l oxane was added, taking care to rinse down any residual 2,4 pentanedione

liquid that remai nedaghgﬂgg; tgsbikge,fimogr piRbf 2-péh@ndlRg €. The anpoul e
t hus prepared contai ned TOMCATS type siloxane w tﬁ 100 ppm by 10 vol une of

2, 4- pedt anedi one. The anpoul e was cooled to |iquid nitrogen tenperature and
evacuat ed enove, air, The.a l e was.isol at.ed from the vacuu nd a

ot o dot or MORA TR SnBice) eaReHBRREES mitakteEs of prbaeh ey e Bes 4l
anpoul es prepared in this manner were seal ed and heated_for 1 day_at 120C
as descri BBEMRorigapfRously pligangsiand shigd assiascebeg risga¥amaplientl i ke this
manner were heated for 5 days. These sanpl es showed an average increase in

pol yner i zampoule.d nl ofl&MCA TBtypkt slioxane wisyadded!, 4dkierg carelty snse down
respectively. [0040] This set of tests was repeated at 90C, 80C, 60C and

22C. Dat arg@idgalcRUlgsitadediohy IRfuiCthat &aysin@radHeredq6 theShneShani dfi thant
pol yneri zati on again 20 occurred at 90C, 80C and 60C, but was absent at
22C. {pe dfSbuE e The ampoule thus prepared contained TOMCATS type siloxane with
1000 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 visual
inspection after the completion of the accelerated aging test as compared to the
15  pristine sample prior to testing. Similar tests were done on 3.0 ml to 7.0 mi
samples of TOMCATS type siloxane spiked with 100 ppm of 2,4-pentanedione
additive. In each case there was no detectable visible changes in the sample
after testing. These samples showed an increase in polymerization ranging from

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 microliters and 3.0 microliters of 1-hexanoic acid were added to
each of two ampoules 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 -



summarized in Table 3. -27 Exanmpl e 13: Reactivity of oxygen Spi ke of 100
ppm of 2, 4-pent anedi one and 50-500 ppm of BHT [0041] 0.50 mcroliters of

2, 4- pent anedi one was added to an anpoul e previously 5 cleaned and dried as
described in Exanple 1. The anpoul e was equi pped with a quartz side arm
extension capped with a septum 5.0 ml of TOMCATS type sil oxane contai ni ng
50 ppm of dissolved BHT was added to the anpoul e. The anpoul e thus prepared

cont ai ned affPEuAds; regpectiidiptakingvedrs td Ghsedovay residuatel - dlexandicrsdid digad one
and 50 ppm BHT. The anpoul e was cooled to liquid 10 nitrogen tenperature

and evacugi Q?hgarr@éﬁ%’o ikl -to thE iARBPWAA dethe! ﬁﬁg&tgﬁéﬁhg‘i’fg é%oﬂ?é‘s“liﬁvﬂ\gan a

pr e-det er m ne oxygen was I njected t e arm

anpoul es prepared in_tnhi were seal ed eat ed f ) at _80C
ae descri BeePatRa samahauTORRELS s slSareCwl et BhE AP h ate R Bl o
pol ymeri zation of 0.05% and 0.15% for an average of 0.10% The 15 data are
sumar i zedvaly of dphexanoi¢ goigarespastivglyy d hecampoylaseversraaled and healed &k e
using 100 ppm 200 ppm and 500 ppm of BHT. Less than 0.05 % pol yneri zation
i ncr eaSe Gedayshatet2@€C dsrdesadbedfin Bxapple Hr eEhdérewsere nd detEctabid charges20
-28 Exanmpl e 14: Reactivity of oxygen Spi ke of 100 ppm of 2, 4-pentanedi one
and 50- 2361 mvieboding Golér betiertfEs e TOMORTSdy i SisXahd Eble Tyl #84al

i

0.50 mcroliters of 2,4-pentanedi one was added to an anpoul e previously

cl eaned a I ' i i W t h
2 quartz §oReCiEH oty 168 onigiod oF T RbIerated SOt Rt e (o e
cont ai ni ng .5 pm of dissol ved, TEMPO added .tp the anpoul e. The anpoul e
t hus prepgf'ﬂ'é@mgc)oﬁ?@m?ecpr T?sﬁ{?ge ﬁﬁng%e W"fan S?W%gn‘?"ﬁy'nﬁﬁeﬁ ufle of
2, 4- pent anedi one and 50 ppm TEMPO. The anpoul e was cooled to liquid
ni trogen Pehjegrizalioa ahd.C8 %t aadtd8fewb¥e fai the THaMEAES | typeasilaxapeat ed
fromthe vacuum and a pre-determ ned anount of oxygen was injected through
t he sitdle sampldsvspikedowities! 00r ppar and i1000hp pm nefradditives r respedfivaly.arRedudist ed
for 5 days at 80C as described in Exanple 1. These sanples showed an 15
i Nncrease igfe BAMM&iZzethinl Pablef1. 0. 89% and 0. 76% for an average of 0.82% The
data are sunmarized in Table 3. [0044] The above tests were repeated in
duplicate using 100 ppm and 230 ppm of TEMPO. TOMCATS type sil oxane spi ked
with these | evels of TEMPO

Example 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 ampoules previously cleaned and dried as described in Example 1.
5.0 ml 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 ampoules thus prepared 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
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20 underwent 0.82% and 0.88% i ncrease in polymnerization, respectively.

[ 0045] The present invention has been set forth with regard to several
preferred enbodi nents, but the full scope of the present invention should
be ascertained fromthe clains which follow 25 N \DOCNOS106223 USA-2. DOC
-29 CLAIM5S 1. A process for stabilizing a cyclotetrasiloxane agai nst
polynerlzatlon used in a _chem cal vapor deposition process for silicon

oxi des i npabedor tastiognat Ehesd tesisr wesie | epeateshpmics nyerepfor iesiahg additive
effective anmount of a neutral to 5 weakly acidic polynerization inhibitor
to said cyohcardtatan.| TheGC uatashowed dwinceasy if polymerizafonRd C:08 RA.R  H/
li O /RR O \Si/ RBSH O~OS Rs where R-' are individually sel ected

f h g
rom the @ 0ugs m%lféi; i T@Mbm@%{é s@o)&(hfénﬁémgr ocesg&glf"ﬂg’ i bﬁm&er ein

al kyl group, and a C-. koxy gro

said inhi h T erein
sai d inhi B{j{jgpe %ﬁge"f"ggﬁ%r a??oﬁl é@&'%‘%é%?%’?ﬁf @ﬁé%ﬁ?%ggéfés %ad/"n}ojr twg

2, 4- penta edi gn 1- hexanoi ¢ aci d; e acetic anhydrijde;_less than 1
% (vol) - TOMERT Ssivpe-sioxane seyrles Spkedants 1DGE Sorm 2n adaitys;  The results
1,1,1,3,5 5 5 hept anmet hyl tri si |l oxane; f3-di ketones RC(O CHzC(O R, aliphatic
car boxyl i areasﬂmjmalized-in TablpHati ¢ di carboxylic acids HOOC (CH2) ~ COON in
which 1 < n < 8; phenols CsR~-6 ~~(OH)n in which 1 < n <_5; polyols 20
CH2X( CHX) ~CH2X, in which X = Hor OH but at least one X = OHand 1 s n s 8;
anhydrides RCH2-C(O) - C>CE@ - CHZR; hydrodosil oxanes R3Si-(O SIR2)~-0OSIR3, in
which 0 s ns 8, all ampte 65 $ml§e@faﬂa|npm9égb/@e@i from the group
consi sting of hydrogen, normal, branched or cyclic C~_~o al kyl groups; and
m xtures thereof. -30 4. The process of Claim1 including providing a

free t@di mzﬁc&\&hgﬂg t(0.48airgiceolitére) edvf afiyderaiangas Saddeie tpr @pempdul€l ai m
4 wherein said free radical scavenger is 5 selected fromthe group

consi stin TQP @té%léﬁr?e?ﬁd *alﬁe?' aéde qurptﬁa@ le %259 Fnl of TOMCATS

tetraneth erl y oxy, tert oxyanlso

3-tert-bufyl -4 dr oxyani p I es ri hydr oxy-benzoi. cid,
> (1, 1-di héeh)ﬂ@%l e, 23R b R i éﬁ%ﬁng. B3 b s, Howh fekidudl
4-tert-butyl cat echol N—nethylanlllne nethoxydlphenyﬁanlne

di phenyl a yﬁ@roh\i'qw éhahé@mau]@dpﬁehweéh@mtla@nlmer walloohihe @REWEenyPENi ne)
phenol , octadecyl-3-(3,5-di-tert-butyl-4.-hydroxyphenyl) propionate,
tetrakis amgome thus greparet comamamT@MGATS;xmwsuomwrth ﬁﬁﬁrmn‘ancvlétd’fane
phenot hi azi nes, al kyl am donoi soureas, thiodiethylene bis (3,5,-di-tertb

ut yl - 15 - hylycemly -Thelampoulewagrsealel add heatdd for(83days dt 120°C as described
i -tert-butyl - 4hydr oxyhydr oci nnanoyl ) hydrazine, tris

(2- met hyl nﬂEﬁ?ﬁE}]ﬁégpﬁﬁ?W@ﬁd HEE@&%!EIE ?Htlﬁ'ﬂ?e ;I/fé.)ﬁ(%éﬂtf d&&ﬁlﬁlﬂ"&léﬂ?t&t rayl

bi s (octadecy 4, 4" -t ert but m Cr eso

2,2 -met hyl e r I S
(benzyl i d ﬁ@i‘ﬂ%‘f? §v% %B#%ﬁ?#@lgﬂ)g %8\‘8)3@%&1%@ p?%% e cameletien, ot
wherein s 6-di-tert - butgl-4 net h phenol 20.1s i ded in an. anount
of 50- 5oo%#@%lsrat?d 3gingHESHAS o5 e dciosihe, Bristing: semple,pror to testing)
2,2,6,6-tetranet hyl - 1pi peridinyl oxy is provided in an anount of of 50-230
ppm (vol . The2&Q®. datapsbowed Bor incredass iini pglymerization of 0.12 wt.% for the
1,3,5 7-tetranet hyl cycl ot etrasi | oxane agai nst pol yneri zation used in a
chem 2@l TOMCATSDtet silbxapecsesples apikad withn 0 ppiesof additieet Mhe resuitser i al
fabrication conprising providing an effective amobunt of a neutral to weakly
aci di ¢ poLydBlinAfdriAY ihnMtaik tior to said
1,3,5, 7tetranet hyl cycl otetrasi | oxane. 30 -31 9. The process of Caim8
wherein said inhibitor has a pKa of 4.8 to 14.15.

Example 7: Spike of 1,1,1,5,5,5-hexamethylirisiloxane
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10., The.process of Claim8 wherein said inhibitor is selected fromthe 5
group consisting of 2,4-pentanedi one, 1-hexanoic acid, glycerol, acetic
anhydride, less than 1 % (vol.) 1,1,1,5,5,5-hexanethyltrisiloxane, |ess
than 1 (vol.) 1,1,1,3,5,5,5-heptanethyltrisiloxane and m xtures thereof.
11. The process of Claim8 including providing a free radical scavenger to
10 said 1,3,5,7-tetranet hyl cycl otetrasi | oxane. 12. The process of Claimll

wher ei n sgaeRd]" 80 rrﬁiarslﬁérsS%weegembr%nfe@ée&rt qﬁ,ﬁ@ﬁ]ﬂ-ﬁ&ﬂﬁeﬂgnﬁeﬂb%aa%@ ng
of 2,6-di-tert-butyl-4-nethyl phenol 6, 6t et'r amret hyl - 1- pi peri di nyl oxy

L P PSRt ]S A R T
e b TIPS A SLOG i ] B P apdle

1,3,5,7-tetranmet hyl cycl ot etrasi | oxane agai nst olynerlzatlon used in a
cheni cal taking caepdei tinsm domr eesidialr 1.9i1, Bgﬁaﬁ-rwxan‘ﬁhyltnsdouame digiuid tsater i al
fabrication conprising providing a neutral to weakly acidic 25

pol yme§ i zegrmaimeidnbidheterr td otheairthel, Wall, of tied raanpobiescy The eimpsiulesxthue and
providing a free radical scavenger to said

1,3,5,7- tEFép%ﬁ‘E& rﬁdrﬁ?i%at?DMGATSX@BS s.manzmltwrmé?m alfiai arpdb pfiRrei n

said inhibitor 1s selected om thé group consisting of 2,4-pentanedi one,

1- hexanoi drj

11 B Qaﬁc’ﬁ?’%‘?%c'%@?ﬁﬁg%“% TEEPRVERZ, 0f8 dmpioll wege,
17. The process of O a erein said free radical scavenger is selected
fromthe §RGH mgegiq%ro’% days a1 20 &y @asprigsaribednintexampigehol There were
2,2,6, 6tetramet hyl - 1- pi peri di nyl oxy and m xtures thereof. 18. A conposition
of a cycl ooedetestablx ahangeabin thei vigcesityi restorport glagity ofitthenT OBMKIATS type

chem cal vapor deposition process for silicon oxides in electronic nateri al

fabri ¢t i eilbxmahﬂ:ﬂ@@by &&).xaﬂsan%éd@hoanérr #5e Immetadsna\bfnmet agcéleratedi ng
formula: R~ HI ~/Si /IR O \Si/ R~ (. ~~R3 Si ~OS R ~~ Ra Rs where

R-~ are hgﬁig‘é %‘ﬂaéé Eo@fda‘?&%efg tfwé §t1ﬁ% Eérﬂglé gﬂg? 'té a#’f THE 59 datad

nor mal , or c rou koxy group, and

(b) a neu o] Cl. i

Composi ¢ 1 0wt a%&e@% 'ﬁr%'ﬁ?/?ﬁ%f%f%? G20 R @4 2581 9L do5they

pol ymeri zat i ed in a chem cal vapor, deposition oCess as_a precursor
Por silicaPMEATE tyne siletane samnies epikad mithr 1009 Fgw A0y ppm of
1,3,5, 7tetranet hyl cycl otetrasil oxane and a neutral to weakly acidic

"pol yrrer i zadditivei rasipectively. The results\arosgrogiarized infTable 1.
1,3,5,7-tetranet hyl cycl otetrasil oxane, used in a chem cal vapor deposition
proce$s as a precursor for silicon oxides in electronic mat eri al
fabrication, stabilized agai nst poI merization, rising 1,3,5,7 -33

t et ranet hyl cycl ot eEXa&if %ganﬁpﬁﬁd)f “hdud.Pdi, 5'th@P¢/ﬂ!"aﬁ hylteigilaxapepol yneri zat i on
inhibitor and a free radical scavenger. 21. A conposition of

1,3,5 7-tetranet hyl cyclotetrasi |l oxane, used in a 5 chem cal vapor

deposi t i 0{0Q80ic &€s30,s80 angrisQumiaroliters of )1, t,816,5,5-bestamethylaisilorane wereer i al
fabrication, stabilized agai nst polynerization, conprising (a)

1,3,57t eraBééBttBYéé‘dfFbpiﬁbéaa?htaeﬁlés%reﬁghsl@ &@éﬁé@'anﬁodr‘f&ﬁﬁbydé‘bh%a in

polynerlzatlon inhibitor selected fromthe group consisting of

(voi P11 FghEIE %1h€§§%é$£§¥¢M<§“T%Qiﬁ§rS‘ﬂbba| oS éfﬁ@ﬁg;# /é?%%ﬂ %ﬁ‘ﬁ&ﬁ'g""” o
chr hokyl | £330 GENRELEPES SOWSHEASAUA e bbayh s eRameweticrepe au il | n

which 1 < n <_ §; henols C6R~6 ~~(C}D~ i n whi ch 1 < n < 5 ponoIs
CH2X( CHX) Temaited mdfereth tx theHinslerowaliuef 4te |ampouleae Xhe @mpaides thusn <
8; anhydrides RCH2-C(O -0 C(O -CH2R, hydrodosil oxanes R3Si- (0O Si R2) ~ 15
CSi R3, i npvé¢paredOcontained BOMCAT 8higpei siloikans witidi100dperh| (wokk ! H;080 ppram t he
group consi sting of hydrogen, normal, branched or cyclic C-_~o al kyl

gr oups; al(\wumaﬁwss@ob%rﬁ%olz)a@m 4c),3% 5rseweﬁtaméwtrmay@w%sﬁéétw;ed
fromthe group consisting of 2,6-di-tert-butyl-4-methyl phen
2,2,6,6-tetranet hyl - 1pi peri di nyl oxy, 2-tert-butyl -4- hydroxyanlsole
3-tert-buty|-4-hydroxyaniso|e, propyl 20 ester 3,4,5-trihydroxy-benzoic
acid) 2-(1,1-dinmethylethyl)-1,4-benzenediol, diphenyl picryl hydrazyl
4-tert-butyl catechol, N nethylaniline, pnethoxydi phenylam ne,

di phenyl am ne, N, N -di phenyl - p- phenyl enedi am ne, phydroxydi phenyl am ne,
phenol , octadecyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl) propionate,
tetrakis (nethylene (3,5-di-tert-butyl)-4-hydroxy-hydroci nnamate) 25

met hane, phenoth|a2|nes aIkyIan1d0n0|soureas thlodlethylene bi s

. a e a ~




5 22. A.conposition of 1,3,5, 7-tetranet hyl cyclotetrasil 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, 7tetranet hyl cycl ot et rasi | oxane, and 2, 4- pent anedi one. 5
23. A conposition of 1,3,5,7-tetranethyl cyclotetrasiloxane, used in a
chem cal vapor deposition process as a precursor for silicon oxides in
el ectroni TFhéTf’érﬁEbalesf WeFd Gl andll RBAlddZ st 5.4fdyas bt AQOYCRAS ZRddcpiBed in
conprising 1,3,5, 7tetranet hyl cycl ot et rasi | oxane,” and 1-hexanoic acid. 10
24, A CONBOSIENDR. OfneteJucte’id BRI BLE S IHESISONAR Soldt G iy br
chem cal vapor depositron process as a precursor for stli'con oxides’in
el ectroni ' fabrication, stabilized agai nst po ri zatipn
conpr | o1 riher 1 SMCATS B BRiRyRES sedinle bysyiria it dion skt dmeBiooa
1,1,1,5,5,515 hexanethyl trisil oxane. 25. A conposition of i

1, 3, 5, 7- t ther anerlarateg Aging testsas eempared dedthenpristiiecsample paipoto depling.t i on
process as a precursor for silicon oxides in electronic materi al

fabri cati Ohg GCadatal slesved aimiricreasey ire polaierizationcafpup 0 w33 vét. %, for2fie
tetramet hyl cycl otetrasil oxane) and glycerol. 26. A conposition of

L3 5 7~ FOMORTSY ke 1sbRkihé arpRaCspREAIWIA thel BéTeiintihiel |Vt | On

process as a precursor for siliconh oxides in electronic materia

fabricati .51 abj | i : ) | Zation, conprising 1,3,5,7 25
tetramet h%&%'yiéoggtspﬁgglrgggh@é%%gi i‘gﬁééléa‘anhydri de. 27. 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 materi al
fabrication, stabilized agai nst polynerization, conprising 1, 3, 5, 7 30

t et r anet h[A0Syd| Exampie Blis aanamparative exampdelirowbichraccelgratad agiopdests are
scavenger -35 sel ected fromthe group consisting of

2, 6- 0 t ecarriedtotit-ch aeianyleDFSTOMCAT S tpdsitixanarspiked wvithi \egioudi layélexf and
m xtures thereof. 28. A conposition of

L3, 5 7ot el AR B-RYBtaMEhl RMioR4AE Tandfghom_f00 ophe b HY 00@ R (5%

deposi tion pr'ocess as a p ursor for s con oxid in electrgﬂ{c mat'eri al
fabricati idi.ze ' iZzati LSl : .

173, 5. 71 B el LR s diestpied W A rehBaroSRERES Tohe i afioctivgiata
scavenger, sel.ected fromthe group consjsting of 2,6-di-tert-butyl-4-nethyl
ol ikl SONRARHOM S PRRRaTHEPNB BTN N i JoWRENEUY Ciakneds. A
conposition of 1,3,587-tetranethylcyclotetrasionane, used in a chem cal
vapor depbyEnderetpabCess as a precursor for silicon oxides in electronic
material fabrication, stabilized agai nst polynerization, conprising

1, 3, 1t et ranet hyl cycl ot etrasi | oxane, glycerol and a free radi cal scavenger
selected from 15 the group.consjsting of 2 6-di-}ert- utyl - 4- met hyl phenol ,
2,2,6,6-tetr arreﬁmp@%ip@m*@i ofyl oRpMARA Ao Ppreef 2 BHS agyMORI&: onposi ti on
of 1,3,5,7-tetranmethyl cyclotetrasil oxane, used in a chem cal vapor
deposition process as a precursor for silicon oxides in electronic 20

mat eri al Lcatio st.abi | i zed, agai nst polynerization, conpnisi

Lo, 7t ol TR AeTon B EBrek SRbIERRaeRES cBRIPRRE R PbE i 4R sRkp .
scavenger selected fromthe group consisting of 2, 6-di-tert-butyl-4-nethyl
phenol ) 2Were ,ceﬂeﬁetﬁﬁe@hmvafuw\oﬁw-diTm tasksawareniharavghly idiiedeby hegging

N: \ DOCNOS\ 06223 USA-2. DOC -36 . AY. AA A . AU3. A AA AF. AL A& A A A

. AAF. 2(F. Aihtgvmiftantiywwithay h@rogen/sagmen iaretawhilemullingaa. vacuanyen Ahe flasks

.A9. . A& . ALUy. As. A" .. CC?45 CC

22( 2#. #. 2BBAGIT Fe SIHR arRE <ha-fRiskE irk A8bIAR-RoRPtevatlitin? ARE BY WIasing 22288

~??>~" P??X?VKSSVSSSSV5V5~>5X>S0>>5>5555>>>0>8>8>8>8>>555555555555SSS| | | || [ ] |
L1 Lt Bk ebdd bRRR2%4dd bx222 25 677 87 TOHBARS BA% SIlariluag PP
Xprpp?X? IX2XIXXXXX>SX~X~ XX~po* S~~333>7>3>533>75333333553S55555555555555>5>5>5>
SSSSSSSSSOSSSSSSIDSOSSSISSSSSSSSSSSSSSN??~| X >p>p>p> x4d).j z
e mhon RURERER] B 6a5R 5 485 JRRS paniespiet METFRA G BB chrguely i fibesy ca o
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sample of TOMCATS type siloxane spiked with 15 ppm of NH3 showed increases
in polymerization 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 NH3; showed

increases in polymerization 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 Schienk 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 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 the rubber septum on the top of the flask. The TOMCATS type
siloxane was added 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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5 flasks were alIowed to stand at room temperature for 24 hours. One ml aliquots
were removed from each of the two flasks by syringe 2 hours and 20 hours after
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 NH3; showed 0.08% polymerization after 2 hours and 20 hours,
10 respectively. The sample of TOMCATS type siloxane spiked with 150 ppm of
NHz showed 0.07% and 0.09% polymerization after 2 hours and 20 hours,

respectively. The results are summarized in Table 2.

Example 11: Exposure to 1.0 wt.% anhydrous ammonia
15
[0034] 5.0 ml of TOMCATS type siloxane was added to each of two ampoules

previously cleaned 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 cooled by submersion in a liquid
20 nitrogen bath. The air was removed from the ampoules by exposing to 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.% NH3; — 99.0 wt.% TOMCATS type siloxane. The ampoules were sealed
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removed from the oven and allowed to cool to room temperature. The

TOMCATS type siloxane liquid had become highly viscous, similar in consistency
to 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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; 8%% , é%%o ’ | pe jloxane type siloxane | polymerization

109%Z& ( )é-gl & ( % % wt. % (Wt. %)

10Z" 4" 10%Z&' () - 4 109 &' Z" 109%Z&' () 44" 109%Z&] ( ) %&Q & F) %.t@gxo & ()-

} RRSOSSSSAEMC 1072/ 109%Z& () -, 109%&Z&' ()-*4" 10%& () (4" 10%&' ()-S&4"110%Z& () -

98810 Rud ¥+ @F TX TUUUSJ&Jﬂk h&adeﬁme)loz T0ZNJAZy | 10%8%800) - @B8510%0&% () -|[&6 > 10

" 109%& Riin BABI0% )B|awwm\/€5) N.A 99.80 < 90% > 10
Run #1 (¢) Blank (no additive) N.A 99.80 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 99.21 90.52 8.69
Run#1 (f) Blank (no additive) N.A 99.62 99.44 0.18
Run#1(g) Blank (no additive) N.A 99.62 < 90% > 10
Run #1 (h) Blank (no additive) N.A 99.54 98.00 1.54
Run #2 (a) 100 ppm 2 4-pentanedione 9.0 99.80 99.76 0.03
Run #2 (b) 100 ppm 2,4-pentanedione 9.0 99.62 99.55 0.06
Run #2 (c) 100 ppm 2 ,4-pentanedione 9.0 99.62 99.26 0.35
Run #2 (d) 100 ppm 2 ,4-pentanedione 9.0 99.62 99.35 0.26
Run #2 (e) 100 ppm 2, 4-pentanedione 9.0 99.54 99.54 0.00
Run #2 (f) 100 ppm 2 4-nentanedione 9.0 99.54 99.53 0.00
Run #3 (a) 1000 ppm 2,4-pentanedione 9.0 99.80 99.40 0.30
Run #3 (b) 1000 ppm 2,4-pentanedione 9.0 99.62 99.40 0.12
Run #3 (¢) 1000 ppm 2 4-pentanedione 9.0 99.62 99.41 0.11
Run #4 (a) 100 ppm 1-hexanoic acid 4.88 99.80 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 99.53 0.08
Run #5 (b) 100 ppm acetic anhydride N.A 99.62 99.47 0.14
Run #5 (c) 100 ppm acetic anhydride N.A 99.62 99.23 0.38
Run #5 (d) 1000 ppm acetic anhydride N.A 99.62 99.38 0.14
Run #5 (e) 1000 ppm acetic anhydride N.A 99.62 99.30 0.22
Run #5 (f) 1000 ppm acetic anhydride N.A 99.62 99.14 0.38
Run #6 (a) 100 ppm glycerol 14.15 99.62 99.49 0.12
Run #7 (a) 1000 ppm 6MTS* 99.80 99.50 0.20
Run #7 (b) 10,000 ppm 6MTS* 99.80 98.14 0.66
Run #8 (a) 100 ppm 7MTS** 99.80 99.46 0.33
Run #8 (b) 10,000 ppm 7MTS** 99.80 98.73 0.07
Run #8 (¢) 50,000 ppm 7MTS** 99.80 95.46 0

* 1,1,1,5,5,5-hexamethylirisiloxane
5 **1,1,1,3,5,5,5-heptamethylirisiloxane
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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 experiments have established that TOMCATS type siloxane is
10  sensitive to oxygen at elevated temperatures. TOMCATS type siloxane reacts
with oxygen forming oligomeric and polymeric species at temperatures equal to
or greater 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.

[0036] The preferred additive, 2,4-pentanedione, does not prevent the
polymerization of TOMCATS type siloxane in the presence of oxygen. To
address this reactivity TOMCATS type siloxane was spiked with low levels 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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the reactivity of TOMCATS type siloxane toward oxygen at elevated temperature
as shown by the series of tests run at 80°C. Another benefit is that BHT is free of
atomic nitrogen which reportedly gives rise to undesirable basic film properties.
TEMPO was also shown to be an effective O,-stabilizer. Addition of 50-230 ppm
10 of TEMPO to TOMCATS type siloxane 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 sensitivity of TOMCATS
15 type siloxane 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 utility 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, 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,
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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-
5 teri-butyl-p-cresol), oxalyl bis (benzylidenehydrazide) and mixtures thereof.
Naturally occurring antioxidants can also be used such as raw seed oils, wheat

germ oils tocopherols and gums.
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‘?2 E% a'if lf!thése 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 7.1 7.9
Run # 11 (b) 90 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

coliected 0.03
Run # 12 (c) 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 not

collected 0.88
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(10%&' ()-d*3h (10%& ()-d*/K9u~"(3h (10% ()-d*3h (10% ()-d*sY: 3E/ 3h
(109%&' ()-d*3h (109%& ()-d*/ K9u~"(3h (10% ()-d*3h (10%& ()-d*3h

(10%: ()-d*T: 36/ 3h (109 () Ekahie-15( FedtAMof b é’ﬁ' (109 () - d*3h

(109%& ()-d*3h (10%& ()-d* &, 12e53E//K9u~" &3h (109 -d*3h (10%&' ()-d*3h
(10%& ()-d*3h (10%& () - d* Bpik Q@W&O 0 orim 284 36pentane! Emmr (3h (10%& ()-d*3h
(109&' ()-d*3h (109%& ()-d*3h (10%& ()-d*3h (10%& ()-d*3h
(109%& () - d*9BZ~dj oeF3E/ K9u~"( 3h
[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 to the inner wall of the ampoule. The
ampoule thus prepared contained TOMCATS type siloxane with 100 ppm by
10 volume of 24-pentanedione. The ampoule was cooled to liquid nitrogen
temperature and evacuated to remove air. The ampoule was isolated from the
vacuum and a pre-determined amount of oxygen was injected through the side
arm. Two ampoules prepared in this manner were sealed and heated for 1 day
at 120°C as described in Example 1. Two additional ampoules prepared in like

15 manner were heated for 5 days. These samples showed an average increase in

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

[0040] This set of tests was repeated at 90°C, 80°C, 60°C and 22°C. Data were
collected only after 5 days for the 80°C test. Significant polymerization again
20 occurred at 90°C, 80°C and 60°C, but was absent at 22°C. The data are

summarized in Table 3.
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(109& ()--d*3h (109 ()-d*h3h (109 ()-d*3h (109%& ()-d*3h (109%& ()-d*3h
(109& ()- d*opyxY: 3E/ 3h (109%& ()-d*3h (109%& ()-d*3h (109%& ()-d*3h
(109& ()-d*3h (109%& ()-d*/ K9u~"(xY: 3E/ 3h (10%& ()-d*3h (10%& ()-d*3h
(109 ()-d*3h (109 ()-d*/K9u~"(3h (10%& ()-d*x D*3h (109%& ()-d*3h
(109 ()-d*3h (109 ()-d*3h (109 ()-d*/KOu~"(3h (10%& ()- d*3h

(109& ()-d*|]>*3h (10%& 3h (109%& ()-d*d3h (10%& ()-d*3h

(10%: () d*/ kou— (3n ( 1ovie CXHPANB1SVATIRGOERRR e () s <pimsTUr: 3h
(1098h ( 10%& () - 8pikEaf-100Bhp M 1EIZEA (Pentriidion® #ad (50-868 pphi 6BHT) - d* 3h
(109%& () - d* UWKYZ[ d} M 3h (109%&' ()-d*/ K9u~"(3h (10%& ()-d*3h
[0041] 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. 5.0 ml of TOMCATS type
siloxane containing 50 ppm of dissolved BHT was added to the ampoule. The
ampoule thus prepared contained TOMCATS type siloxane with 100 ppm by
volume of 2,4-pentanedione and 50 ppm BHT. The ampoule was cooled to liquid
10  nitrogen temperature and evacuated to remove air. The ampoule was isolated
from the vacuum and a pre-determined 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 Example 1. These duplicate samples showed an

increase in polymerization of 0.05% and 0.15% for an average of 0.10%. The

15 data are summarized in Table 3.

[0042] The above tests were repeated in duplicate using 100 ppm, 200 ppm and
500 ppm of BHT. Less than 0.05 % polymerization increase was observed forv
each of these three levels of BHT additive.

20
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(10%& ()-d*3h (10%& ()-d*3h (109 ()-d*3h (10%& ()-d*d{e5./K9u~"(3h

(109%&' ()-d*h3h (10%& ()-d*3h (109%& ()-d*3h (109%& ()-d*3h

(109%& ()-d*iJ./Ku~"(3h (10%& ()-d*3h (10%& ()-d*3h (10%& ()-d*3h

(10%& ()-d*3h (10%& ()-d*3h (10%& ()-d*xY:./3h (10%& ()-d*3h (10%& ()-d*3h
(10%& ()-d*3h (10%& ()-d*3h (109 ()-d*/K9u~"(#)xY:./3h (10%& ()-d*3h
(109 ()-d*3nh (109%& ()-d*3h (10%& ()-d*/K9u~"(3h (10%& ()-d*)/45>VZXY: ./ 3h

109%: () -d*3h (10%: () - d*3h (o ()~ "3
210%&' 8-d*2‘f(k| AR (1D Shaft usﬁfe{flég «ﬁ'?? K9u~(%3h (109 () - d*3h

(109%& () - Brke 61008 ppm of 2;4- pema@aquanwsommmmf(mﬁge¢et;mamyl 1-

Eiggﬁ 8 g:gﬂ (10%&: () - d* 3h (100|per(|&|n de LM BB EAGYE () -d*/ Kou="(3h

5 [0043] 0.50 microliters of 2,4-pentanedione was added to an ampoule previously
cleaned and dried as described in Example 1. The ampoule was equipped with a
quartz side arm extension capped with a septum. 5.0 mi of TOMCATS®
containing 50 ppm of dissolved TEMPO was added to the ampoule. The
ampoule thus prepared contained TOMCATS type siloxane with 100 ppm by

10  volume of 2,4-pentanedione and 50 ppm TEMPO. The ampoule was cooled to
liquid nitrogen temperature and evacuated to remove air. The ampoule was
isolated from the vacuum and a pre-determined 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 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.

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

20 underwent 0.82% 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.

25  N:ADOCNOS\06223 USA-2.D00C
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(109& ()-d*3h (109& ()-d*3h (109& ()-d*3h (10%& ()-d*e5./K9u~"(3h

(109%& ()-d*h3h (10%& ()-d*3h (10%& ()-d*3h (10%& ()-d*3h

(109%& ()-d*}c3/K9u~"(3h (10%& ()-d*3h (10%& ()-d*3h (10%& ()-d*3h

(109& ()-d*3h (10%& ()-d*3h (10%& ()-d*j K3/ Ku~"(3h (10%& ()-d*h3h

(10%& ()-d*3h (10%& ()-d*3h (10%& ()-d*3h (10%& ()-d*3h

(109& ()-d*!"(.}~?3/K9u3h (10%&' ()-d*3h (10%& ()-d*3h (10%& ()-d*3h
(109& ()-d*3h (109%& ()-d*/Kou~"(.3456F8AMS / 3h (10% ()-d*3h (10% ()-d*3h
(109& ()-d*3h (10%& ()-d*3h (109& ()-d*/K9u~"(3h (10%& ()-d*9:; DSTZw >/ 3h
(1098h (10%& ()- d )%Po&evs%r@tasm@mg(aocga@dténgs.mnelagémee plyrkSizztionh
(109%&' ()-d*Z ef oxY? 1098h

(109&' () - dse¢k90~a(eha1imcal vapor deposmon process for smcon oxides in electronic

material fabrication, comprising; providing an effective amount of a neutral to
5 weakly acidic polymerization inhibitor to said cyclotetrasiloxane having the
following formula:

R1
H|
~Nd 2
SN
!\
R’ I l R’
T—S; o
/ \O—Sl

where R'7 are individually selected from the group consisting of hydrogen, a
normal, branched or cyclic C1.1p alkyl group, and a C4.4 alkoxy group.
10

2. The process of Claim 1 .wherein said inhibitor has a pKa of 4.8 to
14.15.

3. The process of Claim 1 wherein said inhibitor is selected from the
15 group consisting of 2,4-pentanedione; 1-hexanoic acid; glycerol; acetic
anhydride; less than 1% (vol.) 1,1,1,5,5,5-hexamethyltrisiloxane; less than 1%
(vol.)  1,1,1,3,5,5,5-heptamethyltrisiloxane;  R-diketones RC(O)CH.C(O)R;
aliphatic carboxylic acids RCOOQH; aliphatic dicarboxylic acids HOOC-(CH2)n -
COOH in which 1 < n < 8; phenols CsR.n)(OH)n in which 1 < n < 5; polyols
20 CH2X(CHX),CH2X, in which X = H or OH but at least one X=OH and 1 < n < 8§;
anhydrides RCH,-C(0)-O-C(0)-CH,R; hydrodosiloxanes R3Si-(0-SiR3),-OSiR3,
in which 0 < n < 8, all wherein R is individually selected from the group consisting

of hydrogen, normal, branched or cyclic C1.1p alkyl groups; and mixtures thereof.
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(109&' ()--d*3h (10%& ()-d*sY:/3h (103h (10%&' ()-d*3h (10%& ()-d*/K9u~"(3h
(10%&' ()-d*~3h (10%&' ()-d*3h (10%& ()-d*X?/3h (103h (10%& ()-d*/K9u~"(3h
(109%& ()-d*3h (10%& ()-d*3h (10%&' ()-d*3h (10%& ()-d* uT83h ( $10% (& ()-
3@#10% (& ()-F! @#10%mn& () - F10m( 10n( 310 & 3y; 10%n( & () -
3,4:10%" & ()--_?uT83h ( $10% (& ()- $10% (& ()- $10% (& ()- $10% (& ()-
$10% (& ()- $10% (& ()- cCuT83h ( $10% (& ()-

4. The process of Claim 1 including providing a free radical scavenger to

said cyclotetrasiloxane.

5. The process of Claim 4 wherein said free radical scavenger is
5 selected from the group consisting of: 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-benzoic acid, 2-(1,1-dimethylethyl)-
1,4-benzenediol, diphenylpicrylhydrazyl, 4-tert-butyicatechol, N-methylaniline, p-
methoxydiphenylamine, diphenylamine, N,N’-diphenyl-p-phenylenediamine, p-
10  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)
15  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.

6. The process of Claim 5 wherein said 2,6-di-tert-butyl-4-methyl phenol
20 is provided in an amount of 50-500 ppm (vol.).

7. The process of Claim 5 wherein said 2,2,6,6-tetramethyl-1-
piperidinyloxy is provided in an amount of of 50-230 ppm (vol.).

25 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 an effective amount of a
neutral to weakly acidic polymerization inhibitor to said 1,3,5,7-
tetramethylcyclotetrasiloxane.

30
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$10% (&-()- $10% (& ()- $10% (& ()- $10% (& ()- $10% (& ()- .67c9uT83h
()?1$ $10% (& ()- $10% (& ()- $10% (& ()- $10% (& ()- $10% (& ()- 789:;
<=Ft J* $10% (& ()- )?1%$% $10% (& ()- $10% (& ()- $10%

9. The process of Claim 8 wherein said inhibitor has a pKa ot 4.8 to
14.15.

10. The process of Claim 8 wherein said inhibitor is selected from the

5 group consisting of 2,4-pentanedione, 1-hexanoic acid, glycerol, acetic

anhydride, less than 1% (vol.) 1,1,1,5,5,5-hexamethyltrisiloxane, less than 1%
(vol.) 1,1,1,3,5,5,5-heptamethyiltrisiloxane and mixtures thereof.

11. The process of Claim 8 including providing a free radical scavenger to
10 said 1,3,5,7-tetramethylcyclotetrasiloxane.

12. The process of Claim 11 wherein said free radical scavenger is
selected from the group consisting of 2,6-di-tert-butyl-4-methyl phenol, 2,2,6,6-
tetramethyl-1-piperidinyloxy and mixtures thereof.

15

13. The process of Claim 12 wherein said scavenger is provided in an

amount of 50-500 ppm (vol.).

14. The process of Claim 12 wherein said 2,2,6,6-tetramethyl-1-
20 piperidinyloxy is provided in an amount of of 50-230 ppm (vol.).

15. 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

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

16. The process of Claim 15 wherein said inhibitor is selected from the

group consisting of 2,4-pentanedione, 1-hexanoic acid, glycerol, acetic

30 anhydride, less than 1% (vol) 1,1,1,5,5,5-hexamethyltrisiloxane and mixtures
thereof.
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$10% (& ()- $10% (& ()- FKPUZ[ dU9* $1 $10% (& ()- )?1$0 $10%
$10% (& ()- $10% (& ()- $10% (& ()- djotyzU9* $1 $10% (& ()-
$10% (& ()- $10% (& ()- $10% (& ()- $10% (& ()- U9* $1 $10%

17. The process of Claim 15 wherein said free radical scavenger is
selected from the group consisting of 2,6-di-tert-butyl-4-methyl phenol, 2,2,6,6-
tetramethyl-1-piperidinyloxy and mixtures thereof.

18. A composition of a cyclotetrasiloxane stabilizing against
polymerization used in a chemical vapor deposition process for silicon oxides in
electronic material fabrication, comprising; (a) said cyclotetrasiloxane having the
following formula:

R4

where R' are individually selected from the group consisting of hydrogen, a
normal, branched or cyclic C1.19 alkyl group, and a Cq4 alkoxy group, and (b) a
neutral to weakly acidic polymerization inhibitor.

15 19. A composition of 1,3,5,7-tetramethylcyclotetrasiloxane stabilized
against polymerization used in a chemical vapor deposition process as a
precursor for silicon oxides in electronic material fabrication comprising 1,3,5,7-
tetramethylcyclotetrasiloxane and a neutral to weakly acidic polymerization
inhibitor .
20

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-
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{)- »?130 $10% (& ()- $10% (& ()- $10% (& ()- $10% (& ()- U * $1 $10%
()- )?1%0 $10% (& ()- $10% (& ()- $10% (& ()- $10% (& ()- V@[:* $1
109(& ()- &G 109%(& ()- s$Z'109%(& ()- F'Z'109%(& ()-  $109%(& () -
G 109 (& ()- +W[:* $1 73"10%(& ()- S5$10%(& ()- &3GC 10%(& ()-
03"10% (& ()- .3"10%(& ()- *10%(& ()- nRvU4 Z"10%/(& ()- Z"10%/(& ()-
Z"10%/(& ()- YG 10%/(& ()- 10F(10F(10F( S;10%(& ()-RB)|[:vU4 $10%/(& ()-

3" 109%/( & fétfaméfh}@%kfétf&s‘ﬂo%ﬁéo%é&'a( héutrEV'tEOWé(a&'lyﬂ )acidic polymerization

inhibitor and a free radical scavenger.

(&
(&
(Z"

21. A composition of 1,3,5,7-tetramethylcyclotetrasiloxane, used in a
5 chemical vapor deposition process as a precursor for silicon oxides in electronic
material fabrication, stabilized against polymerization, comprising (a) 1,3,5,7-
tetramethylcyclotetrasiloxane, (b) a neutral to weakly acidic polymerization
inhibitor 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-hexamethyltrisiloxane;
10 less than 1% (vol.) 1,1,1,3,55,56-heptamethyltrisiioxane; B-diketones
RC(O)CH,C(O)R; aliphatic carboxylic acids RCOOH; aliphatic dicarboxylic acids
HOOC-(CHy), -COOH in which 1 < n < 8; phenols CgR-n)(OH)n in which 1 <n <
5; polyols CH2X(CHX),CH2X, in which X = H or OH but at least one X = OH and 1
< n < 8; anhydrides RCH,-C(0)-0-C(0)-CH2R; hydrodosiloxanes R3Si-(O-SiRz)n-
15  OSIiR3, in which 0 < n < 8, all wherein R is individually selected from the group
consisting of hydrogen, normal, branched or cyclic Cs.40 alkyl groups; and
mixtures thereof, and (c) a free radical scavenger selected from the group
consisting of  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
20 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)
25 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-
butyl-m-cresol), 2,2'-methylenebis (6-tert-butyl-p-cresol), oxalyl bis

30 (benzylidenehydrazide) and mixtures thereof.
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&S10(& ()-)OB|[: VU4 )3"10%/(& ()- ' 3" 10%((& ()- YUBLOW(& ()-
L #3"109%/( & ()- 13"10%((& ()- ,10%¢(& ()- )we|[:vU4 63"10%/(& ()- 4
"109%((& ()- 2 "10%((& ()- 90$10%((& ()- . "10%/(& ()-
+3"109%/( & ()-5vU4 9$310% & ()-T F"10% & ()- FY"10% & ()-f 10Y( 10Y( 10Y(
L 109%((& ()- 8 "10%((& ()- 7vU4 MBL0% & ()- Y Z"10% & ()- 10% & ()- o
10% | & ()-10' 10' 10" S;
10% & () 00 41 B2 SokhpbgIH 8 () 3 4998k iriny BJBIGFbloR4 OB (i 0%
MLO% & () chemticala/apovadisosition prabess &is(9 preansorior)sillounostides jn sactivnk () - /
KP D
%9 CM abhc Gl igg ofbsicaiion o4 ¥abkizeq - poginst &PW"?%Z@J}@@A (SOTPEIBFe 153 8m09% &

' ()-hi pg} ¥ é@é%b?ﬁ}ﬁ%?&btéiraé‘f@&ﬁé&ahﬂ‘z' 45 R dio ré
% %4.0% & ()-19%d09 0S3/419%d0% & () - 19%0% & /KP D'
% 940968 () -1 940% & () I%iO%& ()- 08/ 41 940% & ()-/KP D

%%10%& | % % (V(i %& 04 0% '7/4|(V 1 %4 0% & 1.0% &
| 94.0% & (§ )] | 94 (%3’ )15%9/1@?‘#’@%%* i‘”@”el (}1!63 &NR | t(yc)to
% & ()-1 %eﬂ%hﬁfcél)vd @Qfé’p‘% (tbn/éﬂ@e% a%) recursor for silicon oxides in electronlc

sS3/41%40% & ()-1%d0% & -19%40% & 0% & -/ KP D' % 9%0% & ()-sW
/ 41 %4.0% &nqgterlazlofnb&c@;lom cy&stab&z@ ,agamst polymerlzatlon comprising 1,3,5,7-

% 940% & ()] %, </ 41 94.0%.& ()-1%Q%.& ()-/ KP D'
% %L0% & é‘% ra) 8@6‘%‘8“9 Kape( ‘{681?‘%@96% P8109% & ()-19%0% & ()-1940% &
();1980% & ()-1920% & () - I%O%&() GHUX\ ~ dt T4/ 41 %4.0% & () -1 %L0% & () -1 %0%

P& ()-1940% & ()-1940% & ()-% KP D' %inot us\W/ 41 9%40% & ()-1940% & () -/ KP D'
% %4.0% & () - | YA qupmmw&ot)iacﬁ ieyanetiyicyclotetresiaxane, | yaeds g @ - 1 %

0% & ()- | % Y4.0% 04.0% 0% 0A0% &

2002 ShooichBYCe) Ve o oot aibohss. 202 Phacsbads Ty 9 (Eahigliddein Siectrohic
% 940% & @atb%D%a%rkbtlbW&%&hﬁéd &in¥d O miarizalibn D' com nsnrkg 1, 3 5 7-
% 940% & ()-1 %40% & ()-1940% & ()-1910% & ()- C 41 %10% & g)w 0% -1 %0
% & () | % @twrazetl)m m%raswqxarmowad()leﬁga/ A0an09s o () <vma)0%w (M 5,| 0% &

| 94, Q9% % & ,-23@7/ 41 940% & () -/ KP D'

c(%z %10 ?‘Ses‘%‘%ééﬁé"g‘s lé—‘?ﬂﬁO% &'( % )-19%40% & ()- @ MY p_C/ 41 %401 %40% & () -1 %40
% & () - I‘V&O%& ()-19%0% & () 1 940% & ()-1940% & () -\ abchij ksf YL4I %401 940940
%40% @ 1098& () |0/<10%& ()-/KP D' 9% 94.0% & ()-kO6|[:L4 _F"10% % & () -
z 10% % & () - B serPESitions o 1H3% ¢ detrametileyaotetrasiiqxane, sesed 'in a

3085 il o i g IO o B e

$10% % &'nfaterial® fiblieHieh & it}ablhzéd 3'agafisto ﬁoMnenzS&oﬁOo/cdm&hélhg 1,3,5,7-
&$$10%%&1§% AE%@( $10% % & ( Z'10% % & ()-  10% % & () -
| @09%%9% &tetrametiyle) &fés%xaﬂﬁs @06/ ey -1 gL [:vU4 F'10% % & () -
| $10% % & ()- @"10% % & ()- Z"10% % & ()- Z"10% % & () -
7"10% % & ()-LAT|[:vU4 )"10% % & ()-m ( "10% % & () -
26. 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-
25 tetramethylcyclotetrasiloxane, and acetic anhydride.

27. 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-

30 tetramethylcyclotetrasiloxane, 2,4-pentanedione and a free radical scavenger
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L$10% 9%6.& ()- "3"10% % & ()- F'10% % & ()- Z'10% % & ()- !"CvU4
110% % & ()- Y-10% % & ()- 10°9%10°9% 10°% ;10% % & ()- .10% % & () -
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