; MNOPe3e<: vZ6TP06223P USA 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
| NVENTION [0001 ] Silicon dioxide filns have been used for sone tine in the
fabrication of integrated circuits (1C) for sem conductor device
manuf acturing. There are many 5 exanples of the preparation of such thin
films of Si02 in the open and patent literature. See, for exanple, the
publications of the Schumacher G oup, Air Products and Chem cgézR3p NISA
e.g. User's CGuide For: dass Deposition with TECS', and Extrema~ TEGCS
(Tetraethyl Othosilicate) Product Data Sheetz. See al so, Mdeling of
Low Pressure Deposition of Si {/E . 10 TECS3, and The
RTEROR AR A ER IR

Deposition of Silicon Dioxide s ressure. There are numerous
journal articles that review ' t ' N posi ti on of

Si 02 and the proper aTésBlth&#?H@W | é ’g%ﬁ'b , F ngqugghni ques5- 9.
15 [0002] Early Si 02 fil $d/Befd YepddY n of silane

(SiHa). New source materials were needed in order to nmintain good step
coverage as subm cron patterned_ el ectroni &?g iC re devel oped. Fil ns
deposited from tetraet hyl oBARISEREINDGE XWEK%&F. or step coverage
properties conpared to SiH4'. TECS is considered an industry ?tha,ndard
source forpobe] CYcad divxigarfimisdravel baeo 2ssUHos spaeting K heefabrigglign of
providing for efficient vapor i delivery and general ease of handling.

It is nonpyiepheid GrodRdICHRIrelemiigondudior 46viee manufadesing. sTherief areamany
safety advanttage over silane. It produces dielectric filnms with excellent

el ectrical G JoC ' ' s fAr SNty bpen nedibatdnir i ng
appl i cléti o%@%’ggdggm?hébé%é%@ltdfis,%gﬁgﬂ,hy?ﬂerfﬁr anet % cycl ot gt rasil f(;))Eane
(such as TOMCATS siJ oxape avail abl.e f h e i
under devl!t‘?fﬁﬁ\ér@t S R:EV\PWP e tﬁﬁt é%ﬁﬁaﬂWhge(%hﬁ%%ar a'(tj{lgl g%%f Agi 02
glass' -". TOMCATS type siloxane is a hjgh purit ol atil e |iquid.precursor
cheni cal tRveducts eépacChesifals. i @r&dbgﬁrgaép'géy}épﬁe Ghsﬁ bgﬁog'é'%n@ﬁhof

t he sem conductor device manufacturing industry. Like TEGCS, TS\/CATi t’}/,pe

si | oxane CEFOBE, emed Extema® TEOR (Hetraetpul Qrinsdicaten PepdugtaRaia ‘doped
gl asses for various dielectric filmapplications such as trench fill,
interlevelggh ¢llgst Modeliggt 6f aow-PhisskreDajrsitidnt oprQil.dey Récrrnpesitian efy
advant ages, because of its non-pyrophoric and noncorrosive nature. The

nor mal, yboi+ERG3 PRt THaf g&@‘ﬁ ¥ BSlicdn Digxee aPtnSESS Ryducéd5Presalirdtsc,
respe|(1:9i vet%@gTh%nﬁi gl!;'gr Dé I"at ?ﬁ ?yg(;fl TC]VCATSet ype siloxane allows it to

Cemer of e B e Re b Pt iBleschpf iR S iails CUERREIMGIRIRE AR

deposition efficiency 3 tines that of TEOS2., It i§._ Superi 0, Sit.a nd
sinilar t&epeediam ¢hSPentldd nilg thoaﬁg'e& [ %‘&e@g&e @@hgar ggfﬁlgt :%EJSH
films"-"2. [0004J 5'-51 general, Si02 filnms deposited from TOMCATS type

si | oxane d&tihmiquesXxcel | ent mechanical and el ectrical properties. The filns
are dense with | ow carbon content and refractive i ndex val ues conparabl e
to thermal oxide. TOMCATS type siloxane is effective for | ow pressure

chem cal vapor Sitlo LPCVD) , and..as .a LiguLd in [ f
o1 asmaseniaRBel ERGetar b oo aea i S pftoathl f fdns Telig, v
utilizes plasmas rather than thermal 5 energy to pronpte chem cal
react i ons.SONCMEATEErigisewsTe oeaded PECVDRT 10 MAINEHT I9POF FERCOVEIRGe as sub-
tenperature than LPCVD (400C vs. 500-600C). [0005] Desg@te t hese
advant agesnicTéMp@atimedecsictronaneehizesewgee i dauaieped.ni Fdwsadeppsiiark T8 a
CVD source for the manufacturing of sem conductor

tetraethylorthosilcate (TEOS) show superior step coverage properties compared

to SiH.”. TEOS is considered an industry standard source for the CVD

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




10 devices. One disadvantage of TOMCATS type siloxane is its instability
Wi th respect to pol ynerization' 3 when exposed to certain chem cals or
process conditions. This results in a lower volatility liquid or gel that
creates CVD process handling issues. TOMCATS type sifoxane polynerization
is catalyzed by acid, base or free radicals. 15 [D0O06] Prol onged heati ng of
TOMCATS type siloxane (Exanple 1 ) has al so been shown experinentally in

t he pre_sen{jeil\;é\(fnéﬁ%ngél%rar %geopthpgat|tqg.n&fwrmr@ ahd therefore,
pol yneri zation tan be”very mnor, accounting for only several tenths of a
percent. Under,K nore seyver it I d ' I ed
t enper at ur%"ob'l'detsoac%%'ﬁpﬂﬁtag%g; %‘I’%@%’f‘@é &géjbésﬂ? g%t i gfﬁ}gg gﬁ?&ggﬁrgnﬁqﬁ I
occur, resulting in a highly viscous |iquid or gel ¢o i.NgNg % by
wei ght of With ge¥egliest oﬁleﬁfé'lcéhéﬂdc ”?f%qr@‘{'lb[ﬂi.p@@eﬁﬁso%%&gewr 2{% \fﬁ{efdéegle@neges
inthe prior art relate to the stabilization of siloxane. Hirabayashi et
al. " teachmiahefactering appticatennisne or sul fide "control agent" to stabilize a
m xture conprising an aliphatic unsaturated group, containing an :
organopol ysi | oxane conpound, such as TOMCATS type sil oxane, and a platinum
5 group catal yst. Those inventors teach the e of, the.triazine_or, sulfide
agent to di0pe33 Whet urehamiga! i s sl eHﬁH’@té@P@%@ra%oﬁ%t E?Léc%el &5 on
at roomtenperature and thus providing extended storage stability. L&a%]
Lutz et al TOMCATS® cilexahe aadable diom aSehumaeharr 6t £r37abash sSphl nEsUIReh
10 act as curing inhibitors for conpositions conprising: (1) al kenyIO_11

radi cal s; {@lei6@mRAYAIH SORIsDURtM atblidldoniieoBYedpleparaiipmobbdmgliessy’, -
TOMCATS type siloxane); and (3) a platinumgroup netal catalyst. Lutz et

al . ol al mBRICARS BRI dokate s LAY vERINE RaiAprebrect ehemicdlithums

catal yst ren ing i nactive r sequent curing. 15 [0009] In a

ha : ﬁ@dﬁiéﬁé‘qi%caﬁ&f%i%ﬁiﬁ@é%?@ ?ﬁﬁS@ﬁﬁ?Iﬁfﬁi&%g?ﬁ%@?r%@*ﬁ%lﬁ%eﬁﬁ@%m
[ [ [ ' I 2 001 B
oo o oppeautaruig et oL Shos THMMALS AP CIoraney el i BRI

functions in a |like manner to deactivate the Pt catalyst, rendering a .
curabl e orthersheshigal vaxemeepasites pt glesses apidlapedalantas i V@é'loélﬁicgﬁ*.ecn@
[00i 1] Endo et al. 'e teach the stabilization of cyclosiloxanes, sych as
TOVCATS t yijien appliveionst suctugd ttemehuile imeriavelodiglectts, gate @nefthick oxide®. it
pol ynet hyl pol ysi | oxanes, such as 1,1,1,3,5,5,5-heptanethyltrisiloxane. 5

[0012] The,Baiiat ivfipl©ieRstyCidRGridded eBetaddie ubeitsf noarpyrophedentand hat

in one manner or another inhibit the polynerization or co-polynerization of
o ¥ nd spaaey e b3, "B e r BRLg Sl R TOMG AT b e rahE nghone
CVD sources: L tNe SETCNd fad, d8LhS&WER UIAK Wil VAIgHRY "o TdicATs
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?, itis superior
20 to silane and similar to TEOS in the conformality and step coverage of the

resulting films'"2,

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

excellent mechanical and electrical properties. The films are dense with low
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BRI EF SUMVARY OF THE | NVENTI ON [ 0013] The present invention is a process
for stabilizing a substituted cyclotetrasil oxane agai nst pol yneri zation
used in a chem cal vapor deposition process for silicon oxides in
electronic material fabrication conprising providing f 5 an effective
anount of a free radical scavenger polynerization inhibitor to a
substituted cyclotetrasil oxane having the followwng formula: R H_2 OS

~—~SI-R R~ = ~0{F%ﬁ &08?%%/0 gggﬁé?éP#tIiWe 4?5%)85\/%4}@% ecgfn'ﬁéraﬂ:ﬂ@ tdaheideal byide.

sel ected fFoM ng of hydrogen, ormal , branched or

cyclic C~.,0 alkyl group, and .a C-~a al ko e} . BNt

i nvention ?"@M@éﬁ-sa%’@@ng@‘?f‘ﬁdﬁ egﬁecgﬁ%g?ri ﬁ‘f@@%@!ﬁ gpg@%%@?i%w
stabilized against polynerization used in a chem cal Iﬁ%aﬁor Sﬁ?@osi ti on
process as(LP@VB}arsbasfaliqyid instioxsaisse ifar plaskma shNanReE Ghegicas vapor
fabrication, conprising; (a) a substituted cyclotetrasil oxane having the
fol I owi ng Hepeeitien (RECRD)WhThe Rieramsthodiutiidesplgsmasewateer fham thrRemgt oup
consi sting of hydrogen, a normal, branched or cyclic C~_,o0 al kyl group, and

a Cn4 gl ko ) Q1 fregstigndi cCROMSHIFSngpe . sikXBABLPECVD is
DESCRI §T| Oéﬁ %@'Y.?.HE qr%@%ﬁér:)ég\lé?%g&g]ég%?e chem cal b

1,3,5, 7-tefrangt hyl c r.asi e B 3addMCd SEi-bogare avai | abl e
from Sch-un@@ Iy%”é%@%ﬁ%”@%ﬂﬁgqﬁgég as Dzlfprecursor for er_g)et he chem cal
vapor deposition (CVvD) of Si02 for sem conductor device manufacturing.
TOMCATS type siloxane is currently under eval uation by sem conductor device

manuf act ur q]oyegﬁﬁeaﬁegeC%/&atm??é%,svommsi fdchetianat dlsi expatindad to

form hi gh guali't ms wth excelTent electronic and mechani cal _
o oxt endelmyen | BeA e 251 flooop SRUIRElT LR BYaEMERg o Beroaniuctgt o
10 devices. One disadvantage of TOMCATS type siioxane is its instability with
respect to polymerization' when exposed to certain chemicals or process
conditions. This results in a lower volatility liquid or gel that creates CVD process
handling issues. TOMCATS type siloxane polymerization is catalyzed by acid,

base or free radicais.

15

[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
tenths of a percent. Under more severe conditions of prolonged exposure to
20 elevated temperature or to certain acids or bases, substantial polymerization will
oceur, resulting in a highly viscous liquid or gel containing over 10% by weight of

oligomeric or polymeric material.



In this invention we disclose the use of various free radi cal scavengers
that inhibit the polynerization of TOMCATS type sil oxane. The | ow
concentration of the additive does not significantly inpact the overal
product purity, nor is it anticipated to have a negative inpact on the
critical properties of the resulting 5 filnms produced by CvD. [0016]
Therefore, an object of the present invention is to elimnate or inhibit

th I
cond 1 onelO0kF, SrBlaL ROt YPIE Eh AEraIGE0 ERBBIIzGYEh i csiosane.

cyclotetrasil oxanes of the 10 faqrmul a: r

i ndi vi dual Mrabayashiet @lomeag 35611‘;53%&?2? ?p%e%r %ﬂiogeggﬁorﬂrﬁ grge”F to
branched or cycdic C,_;a alkyl group, and a G rou r&h 17]
This i s doskabillreoagmixiuee u@-‘tmblﬂSlBIdﬂ'ﬂl@/{@att'ﬁatmﬁtmao?é ppd’t‘%ﬂt@ﬁ' t8bn
of TOMCATS type siloxane under conditions that would normally favor

pol yner i zapigamopbiysilpkase ebripvueat such deiDMOATS ypehsitoxeaet &nA aatatinkoes
are effective at |nh|b|t|ng pol ymeri zati on, such as free radical

Scavengers §(§ty Prehcde! rﬁ)&éﬁﬁﬁs £ BRS ke \OF the tiagigenr stifideoagdnbia de
and nrtrog%n trifluoride 20 (NF3) at el evated tenperatures. TOMCATS type

si | oxanes c X r g | GremhghuP®| yaTBfibie aPaebas at
terrperaturé?% %h\%&{hog F%g ésat éarglghgthGE%'ét hi sélge@?gm fl%ant because
oxygen, carbon dioxide ni trogen trrqu [ onnonly used in the
manuf actur?%@e@éﬁ‘ﬁec‘%f%ﬁﬁso‘? oy §tend§g °F ggt %t? idizing gas in plasma
enhanced chem cal vapor deposrtlon 5 (PECVD) processes for the deposition
of SiCz films from TOMCATS type sil oxane. These scavengers work by

deterring heal .1 119 el f

pat hiey DGR CEUPLEFEL E*isg UL SRETH o edd SARIBEL R RREIG A,
stabilizers are 2,6-di-te henol

but yl dr o0&t B USHEY rrﬁ’u?rt@r% e‘f‘?'ﬁﬁ‘é?‘h?ﬁs oﬁne;éﬁméjr nvl?kg&gﬁwEwais (2)
2-tert-butyl 10 4-hydroxyani sole, 3-tert-butyl-4-hydroxyani 0

ester 3,4, ompohnds osontaémgmsﬂlcaoriapnctact hydregate @mMet @9)€8M%ﬁ§e%ﬂ ol ,
dlphenylplcrylhydrazyl 4t ert-butyl catechol, N-nethylanili he,

p- met hoxydsrl:da«amwl),aande(a)ch mhetindrangnoep Mekal- @itplyshy | Luiz pHealy ickaiatithal the

p- hydr oxydi phenyl am ne, phenol,

oct adecyl 3tnh?oit%rd‘bné@c§ﬁs bgtodmﬁleﬁ r @it e plalinurnagtalyst eenderingaitiisactive
(methylene (3,5-di-tert 15 butyl)-4-hydroxy-hydroci nnamate) nethane,

phenot hi azj orsoureas t hi odi et hyl ene bi s
(3,5, d|-t1’g'?t%]SJ ?9F¥@ﬁﬂ§ xyhydrocrnnanate 1,2,-bis

(3,5-di -tert-butyl -4-hydroxyhydroci nnanoyl ) hydrazine, tris
(2-neﬂﬁyl-4-hydroxy 5-tert-butyl phenyl) butane, cyclic neopentanetetrayl

bis (oct aq]mbgphm@hstnﬁ)ér pafent! NCREKY (tBatlesd -thet YWsematr esalignitrile type
2,2' -nethyl enebis (6 20 tert-butyl-p-cresol), oxalyl bis

(benzyl i de@ﬂ Sbﬁéédﬁ-?ataﬂéhd&t 4ha! LYiAGOUR T IHBD ohairupi | aralyst Suelrang T o

seed oils ermoi tocop ero s“and guns. [0018] Preferably, the

free radical caven v 101000 ppm (wt.); nore
pr ef er abl yc%t?P gﬁo@ Oit/g'%@u%%gﬂﬁb% ?ﬂ?ayyw%”?g preferably, an
anount of 50-250 ppnt(mt ); optimally, an amount of of 100-200 PPm (wt.).
[0019] To attain the object of the present invention, to elimnate or

i nhi bif, Q?gi gobgrﬁéa t'aPmegl')rB Tihd Y& Sof Q&rﬁr@chyté‘ﬁftrallymhéa urétéla

process C ons standard oratory test was established with

intent of acceleratin e, nor. ol r

agi ng test'SPEY%‘ﬂ' e Vgh'QFn{Hn&tlgﬁ% '@ Hﬁélrﬁgéhgpég @é:égc?g/gual %glﬁg%ﬁélggf
that would typically occur over rotracted d of tine '
tost, whi PNEEAORS SURBDIR LIANaR ST XaD 80'_’[15’0&8'9W§ ﬁ%&ﬂf@"@r Bata type
sifoxane to elevated tenperature for 24 hours, is referred to in the
present docunment as the "accel erated agi ng test". These conditions are
understood to be considerably nore severe than TOMCATS type sil oxane woul d
be subjected to in a typical CVD process. In a typical accelerated aging
test, the anpoule is |oaded with approximately 5.0 m of TOMCATS type 15
sil oxane and, except for "control experinents", a free radical scavenger to
i nhibit polynerization. The TOMCATS type sil oxaneJadditive mxture is
cooled in a liquid nitrogen bath. Then, -fhe at nosphere above the TOMCATS
type siloxane is evacuated for 5 mnutes. The neck of the quartz anpoule is
subsequent |y seal ed using a hydrogen/oxygen torch The seal ed anpoule is

pl aced in an oven and



20 held at 120C for 5 days. The anpoule is renoved and allowed to cool to
roomtenperature. Its contents are anal yzed by gas chromatograph (GC) to
neasure the degree of polynerization. g (0020] The degree of

pol ymeri zation is neasured quantitatively by GC. This technique is very
sensitive to detecting the onset of polynerization as evidenced by the
formati on of higher nol ecul ar wei ght species with |onger retention tines

than the p@{ogﬁ;t:h Egggﬁ(g% Ly pes s%%agﬁalﬁﬁ‘e pe@kilizdAIS dycissiidkbnesinesuzhs aml es

that are d to be of viscosity” by visual inspection are not

routinely nykhe GC. T [ WC AL P [ bl X@Ngeidgnded opf
irreversi bf@ﬂééﬁirgm WRPe ?'ﬁgag%agﬁ@ghy %ﬁasﬁe)gé/opst hg SCtB(l% col um %ue to their
| ow solubility and | ow volatility. Su S ar i jvely described
in the pr eB@MWﬂ“ﬂW@ﬁWSWQQ?Sh%E%@Seb? gviggk%ﬂﬁ@\ﬁeﬂ/z’gﬁh%@%ﬁé'consi st ent

W th previous 10 observations. [0021 | The polynerization of cyclical

pol ysi | oxanes has bean determ ned to be catalyzed by free radicals.

Labor at ory_ohseryati ons suggest thal i i

i 1 oxarbe. | U2t i Bol SAED! SEREIoarootes AlIBaEY e o bP Salbus AURALS it
trifluoride, both of which the siloxane is ex o%g,d to in usef in._ .
seni conducore MenmeAcOnur aNothee &bt | thes PRLERPTZREN Pt APPIHDEAERHRN £ 8f m
solutions with TOMCATS type siloxane at the tested concentratjons. ltPn

addi tion, phigsiboraistforeariaueappiicationsdn gae sticon ruRer IRAdSY. NOREHT hABhct
on the overall CVD process by virtue of their concentration and their

cheni cal dMy 6t 8abg38 epaicatibesi & pelymdri¥afizh inhititors éorefyél smentas fave
established that T TS type siloxane is sensitive to oxygen andl or
nitrogen tgifluaride,, r‘?:fe'\?}ffétr%g b?d%?r'iﬁt; iHdeStry TOVCATS type sil oxane reacts
w t h oxygen "and/ or nrtrogen tri Puoride ormng -10 oligoneric and

pol yneric species at tenperatures equal to or greater than 60C. This is
parti @l ar| y inmportant since oxygen andlor nitrogen trifluoride is commonly
used as the oxidizing gas in PECVD pr osition of SiQz
films from TOMCATS type sia%ﬁa:n@Mﬁﬁgﬁgaﬁﬁhﬂw&@gt ween production
runs. 5 Data collected for the stability of TOMCATS type sil oxanes in the
presence oi00dB}gehe cquedbont dhesntien aisd & prasgen fen fstang@@ & eS4RStHte

Tabl es. [0023] To address this reactivity TOMCATS type sil oxane was spiked
with | ow | guebtetrabiicta egamsipalpmevinationusas ir eecherdioahlvapoadappsiton
i.e., antioxidants. 10 These scavengers work by deterring chem cal

reactions §hat sBreF effoRYoRdES %6 oAb reastinfmpRAuA oM sIfg Erovidiigeal
scavenger 1nvestigated as Oz-, COzand/or nitrogen trifluoride- stabilizers

was 2,6-di-tert-hutyl-4-nethy AQr A Han
Tovoate 1 yih Ll aTi e ARF IR IssAVe g e Tl Kb
and/or nitrqgen trifluaride when spike i t.h BHT, The .15 addition of 150
ppm by mei%ﬁ%s%wegﬁycgﬁ@éﬁﬂpﬁa@&@&’q ﬂée%ilﬂg’i'qq (ﬂrwﬁ%‘f TOMCATS type

sil oxane toward Oz, COz and/ or nitrogeq trifluoride at el evated tenperature
as shown by the series of. tests run 90C (Table 1 ). Another benefit is
that BHT is free of atomic nitrogeR whjich reportedly gives rise to

undesi rabl e basic filmproperties. 2043 al sogdxpected to be an
effective Oz, 20 C02 and/or ni troger;/tri fludi gé-stabi lizer. [0024] These
tests clearly established the benef@t of the @i of low levels of free
radi cal scavengers to greatly reducle or elimnpatéghe sensitivity of
TOMCATS type siloxane to Qg, /or nitrogen trifluoride, thereby,
reducing the -11 /S

O——8i
RS l\ R4
RS
where R'7 are individually selected from the group consisting of hydrogen, a
normal, branched or cyqlic C1.10 alkyl group, and a Cy.4 alkoxy group.

-5-



| i kel i hood of plugging problens occurring by the Oz, C02 andl or nitrogen
trifluoride pronoted polynerization of TOMCATS type sil oxane. The
scavenger s/ anti oxi dants contenplated for this utility include:
2,6-di-tert-butyl-4nethyl phenol, 2,2,6,6-tetranethyl-1-piperidinyloxy,
2-tert-butyl -4-hydroxyani sole, 5 3-tert-butyl-4-hydroxyani sol e, propyl
ester 3,4,5-trihydroxy-benzoic acid, 2-(1,1 dinmethylethyl)-1, 4-benzenedi ol ,
di phenyl pi cryl hydrazyl, 4-tert-butyl catechol, Nnethylaniline,

p- met hoxydi phenyl am ne, di phenyl am ne, N, N -di phenyl - pphenyl enedi am ne,

p- hydr oxyd[gtet]y Taei neresemenonyention is also a composition” of substituted
oct adecyl - 3- (3, 5-di -tertbutyl -4-hydroxyphenyl) propionate, tetrakis

(et hyl enecydofersiibRars Witlided: abfidu cymehzatiore usedrint a)chesnisahe vapor
phenot hi azihes, al kyl am donoi soureas, thiodiethylene bis

(3,5, -di-t @géﬁgy{)yzp@%gr 9 yg“éﬁéé{ﬁé&“?{ﬂ?tsﬁic h %xiddisS in electronic material

(3,5-diter xyhydr 6¢ci nnanoy ydrazine, tris

(2-met hyl - 4- hydr.oxy-5-tertbutyl phenyl.) butan 1 e t bi s
(oct addvy! (AAREEHRNE epTPHSInG: bR Syt ats FARldBBSfARRG ARe! RilbAg
2,2 -nmethylenebis (6-tert-butyl-p-cresol), oxalyl bis 15

(benzyl i defesmyd:azi de) and ni xtures thereof. Naturally occurring
antioxidants can al so be used such as raw seed oils, wheat germoils
tocopherol s and guns. [0025] The polynérization of TOMCATS type sil oxanes
is known to be catalyzed by free radicpls. The present invention
denonstrates that certain free radiéagmgg_ cavenggers are effective
additives for inhibiting the polynerizati om\of TS type siloxanes, such
as 2,ti-di-tert-butyl -4-nethyl pheng{? al so wn as butyl hydr oxyt ol uene
(BHT). 12 [0026] To attain the object of the pregent invention, to
elimnate or inhibit the pol ynk ion of T TS type sil oxane under

typi cal CVD process conditions, Lﬁb atory %%perinents were run with the
intent of sinulating conditions 4 at JATS type siloxane would be
subject to in a typical CVD prodess. The e fectbveness of these inhibitors
was gauged by comparing the stability of nLat T TS type siloxane (i.e.,
no pol ynerization inhibitor) with that of FOMCATS type sil oxane stabilized
with free radi cal scavengers such as BHI. These stability tests were
carried outvhate ®C are thdivishiadncelestedoitomntheagreuy Geasisting afabydiggenam in

presence of contan nant in which T IS type, sihkox [Wali i Iy
exposed t on‘?:r@'rlﬁgr gf?@%ﬁﬁ?’%"%bé%ﬁ%@%s&d éudéh‘“ %W&BBQ %ﬁg Wk
nitrogen tfbd kagchdsoaviingethree of these gases are typically used at sone
point in the processing Or maintenance for the chem cal vapor deposition of

Si Oz from TOMCATS type sil oxane precursor. Oxygen and NF3 are known sources
of 15 free radicals. TOMCATS type siloxane is often diluted with Oz and/ or
C02 during a typical PESA SCRIRTISHE PR THE DNOEYRIPY commonly used

in the chanber cl eaning step of such processes. 20 Exanple 1:
Pol yner i zai0iod5] uitle cheatoain ,Gcﬁjaiteiram.thsﬂicmkbﬂetragsiIazﬁarf%ﬂwstWMQAFS%ne,
with and without BHT [0027] Six quartz anpoules with a nom nal vol une of

80-90 m warauses.diabld frof Beatimathesef @mpbaes OM)lis Usedrad erpredutsorifor t he

present exanple as 1 A 1B 251C 1D 1Eand1F These anpoules were

prepargd byer i dfigal WasorM ddbddittid | {8y 1f Si0, for semiconductor device
manufacturing. TOMCATS type siloxane is currently under evaluation by
semiconductor device manufacturers for use as a CVD precursor for SiOz
because of its ability to form high quality films with excellent electronic and

mechanical properties. TOMCATS type siloxane is known to polymerize when

20 subjected to extended periods of heating or upon exposure to certain chemicals.

-6-



water, twice with reagent grade acetone, then placed into a drying oven at
175C for 16-18 hours. The dry anpoul es were renoved fromthe oven and used
while still warm Approximately 5.0 m of additive free TOMCATS type

sil oxane was | oaded into anpoules 1 A, 1 B, 1 Cand 1 D. A simlar anmount
of TOMCATS type 5 sil oxane containing 150 ppm (by wei ght) BHT was | oaded
into anpoules 1 E and 1 F. Teflon valves were attached to the open end of

th I . Th d of I i ™ [Ma1pr ! eRidmt h
o canbe. i Buenben e ERpEe T A yATRES 2 raBighl savhdls inacmnite
evacuated fromthe headspace of th oul e by subject] i MAC or
! o at o theh BONDTITABENOLOMEA G e ikt e o Bhrshrigusfish e

torch. The remaining 5 anpoules (1 B-1 F) were sealed in a si.g}'lar f ashj on,
Seal ed anpadditise 1d6es 1ndt slgriificantlyl impaet d¢hpl gvee! Praduet PYFBH- PEF gid !
oven, and subsequently held at a constant tenperature of 90C for 24 hours.

Anpoul es 1@@%&@&@/@&% kepbgative mgamenpehatmmeahpmmiewf dbecesuiting
sanples. After' 24 hours the heated 15 anpoul es were renoved fromthe oven

and al |.owe 0 | tenperature. [0028] GC anal ysis showed no

si gni fisgan@i‘n%soﬁ)@)%n@??zzj;tp{%gﬁ:‘or the control samples (1A iB) relative to the
|l ot material. The heated sanples with no additive (1C, 1 D) showed an
average pol ynerization of 0.136% The heated sanples with 150 20 ppm BHT
had an ave o%ﬂ%;pwhw@fb're;aéri ebjcef 0P PPéseRe inuentionrie ts wiininateedr infibikifiee 1.
-14 Exan%l e 2: Sensitivity to carbon dioxide. Exposure of TOMCATS type

si | oxane t Salgﬁqiz\g%glgf f@@@g\ﬁ?}#{% 'idg(?ng UrfeZ YpiEauT vVDusrotessopaditiens( 2A,

2B, 2C and Were cleane escribed in Exanple 1.

Appr oxi mat 5. TS type. si i N4 hb%Coiife

| oaded | ntﬂé&)f@@ﬁg‘ggw Zsé_ox%\lqg? M‘#'ﬁﬁgﬁ@ﬁﬂﬂhg‘? %@%ﬁ%@%i Poxane
spi ked with 150 ppm by wei ght of BHT was | oaded into 10 anpoul es 2C and 2D.
Each of0 t hiermudipoul es was equi pped with a quartz side arm extension,
capped with a septum Anpoule 2A was cooled to liquid nitrogen tenperature
and evacuated to renove the air in th&'headspace. The anpoul e was isol at ed
fromthe vacuum and 19 sccm of gasgous| carbon di oxi de was injected via a
syringe through the septum cap on tﬁegﬁjj.eoarm ‘Hae anpoul e, still 15 under
sub- anbi ent pressure, was seal ed ursu:iofg a torch #s described in Exanple 1.
The remai ning 3 anpoul es (2B, 2C amil 2D) weraaipr\gf)ared and sealed in the
same manner. All four seal ed anpoulies were heptethgdr 24 hours at 90C as
described in Exanple 1. TOMCA sil oxangywi t hout additive showed an
aver age pol ynerization of 0.216% he}sarre chem cal with 150 ppm of BHT 20
addi ti ve showed an average polyngri zatg-ea3f 0.028% Results are sunmmari zed
in Table 1. Exanple 3: SensitiviRy to oxyggn: 2p4Exposure of TOMCATS type
sil oxane to 0.50 wei ght % oxygen -15 [ 0dBO] Four quartz anpoul es (3A, 3B,
3C and 3D) were cleaned and dried as descrigied in Exanple 1. Approxi mately

5.0 g of TOMCATS 1}_gype sil oxane containing ng additive wag Ig@dsd i nt o
anpoul es 3uharel BE. are dndividyelly sleateds frgmnheT 8reYR COEFPEIRE ¥R1098id n

1,50 ppm b Lot of ~lroaded. . i %a@@ D. Each of the
4 amoul‘esxﬁﬁﬁélegtﬁ%’ﬁggﬁ ‘t%ﬁécauar%ﬂyl Q?@ﬁﬁé%gfﬂ’g% cggped with a
septum Ampoul e 3A was cooled to liquid nitrogen tenperature and evacuated
to renove the _air_ in the headspace. The,anpoul e s _l.sal.ate ;
vacuumsandl0Pd 7 c Chisois dpipglevoy@tt %F%%Péégaﬁ‘é{eﬁﬂ\é\@rmh@g tﬁhrpg’bbhgﬂ?é@e%{ um
cap on the side arm The anpoule, still under sub-anbi ent] 10 pressure, was
seal ed usi FGMCAGEchivae demraneedundetx sapiigons that r stpuldi mermalikpdares
(3B) 3C and 3D) were prepared and sealed in the sanme manner. All four

seal ed anppgileferivatienheThedregenihveatios demensiratesdiwat rddnadn iasdiivesphee 1.
TOMCATS type sil oxane wi thout additive showed an average pol yneri zation of

6. 462% Thensaie &NRAILTHg BbiyierpAiBRATSGEn BETretddidical ScahomgstsalOMCATE age

pol yneri zation of sults are summarized in Table 1.
type siloxanes are sensitive to oxygen, carbon dioxide and nitrogen trifluoride

20 (NF,) at elevated temperatures. TOMCATS type siloxanes react with oxygen

.7-



Exanfiln 4: Sensitivity to nitrogen trifluoride. Exposure of TOMCATS type .
sil oxane without BHT to nitrogen trifluoride 20 [0031 ] Conpatibility tests
were carried to evaluate the effectiveness of free radical scavengers, such
as BHT, to inhibit the nitrogen trifluoride pronoted pol ynerization of
TOMCATS type sil oxane. Because of the potential reactivity of NF3 and the
corrosive nature of possibly byproducts, these conpatibility tests 25 were

carried ouf_ Ir c. &t ghg! i Gloafatulds eqligPiRlordgrediér g
of TOVCATS}qr%qﬁsoﬁggﬁfgﬁﬁ %}5‘2 ﬁg@gge%ﬁégc?%ﬂg?ggobcca }Jeact gr. Thi s garrpl e of
TOMCATS type siloxane did not .hav u id. h 25 i

2, 4- pent ang\ﬁnoﬁgg Th hés, .3 ﬁ&ﬂ'g i %%gaﬁsbégg%?’ogé{e@oéségﬁm(agalr&?ﬁ%\ﬁqtgﬁgen
additive to stabilize TOMCATS type siloxane. The gas _in.the C :
headspace Wilsiosdgcas: QQ{’HWYW%)&%(&H@éHaFH?G?Wﬁeoﬁéﬁag%&&déjcgﬁcﬁép P56 1ts
final concentration was 636 ppm by wei ght (0.0636 weight % . The, reactor

t enper at ur sustasas aheedxidizidgOogasnid piatng centrenoesucbemi¢alevapdle dgRASIA:(
time, the NF3 was renmoved by punping out the reactor. The reactor was

opened.g 10(AeVEIVEATRskBBeidT trx afgpdaiibre @ipSidelfimgefrosd. TONEGATGatyneo
residual liquid in the reactor. [0033] Sanples that are very viscous or

gel 1ed. SUGh B! gﬂFBQ%cgﬁéﬁgyér%‘%g%ﬂrkfb%@%&@fé@emmwﬁé&cﬂ;on@rthai eiceatibie of

a high deg ol'yrerrzatyon 5 type sil oxane. These sanples
are not anenabl e t.o _anal ysi s cC d t Ik, o [ I VAR 8

or gani c soﬁi}é‘?ﬁ'@é’%icf? %I%%%ﬁ'tag' aig?ﬁ%%hﬁ""@éh?‘z@%@d&@yﬁn@@@m. onnasof
">10 weight % for the purpose of this _docunment. Fg Ex 'ﬁ 5:!(Se Lt vity
to nitrogePzt IGPrudNd/ae NFax ptabilizers areréardireri Dyt TYPS&%Q ®ien OI%'HW{ BHT
to nitrogen trifluoride [0034] 49.863 g of TOMCATS type_sil oxane was | gaded

into the 3BGtylydremdomenefh 2,6 érptramethyiovpimesdinyexys ( TeME). riterkosty!-
previously spiked with 150 25 ppm by wei ght of BHT. The gas in the reactor

headspare yasdeyaeuadas; dist-butyl-Shydroxpanisaipanprpyl nester h8,Hh8ddBydrosysuch
that its final concentration vvatsy 631gd|gpm by wei ght (0.0631 weight % . The

reactor t eRResGLuLE NS (1 ALERTLHACKAIC anskirbdiar digndmipieryinjdrarys he.

specified trne, was reno gd y punping out the reactor. The reactor
R e [ T R e i A i A
Ce e e e N o A RS LEAES! BETRE, bRfoPoloigiL)ene
R RO CI R TR P St A NS R
15  butyl)-4-hydroxy-hydrocinnamate) methane, phenothiazines,
alkylamidonoisoureas,  thiodiethylene bis (3,5,-di-tert-butyl-4-hydroxy-
hydrocinnafnate, 1,2,-bis (3,5-di-tert-butyl-4-hydroxyhydrocinnamoyl) hydrazine,
tris (2-methyl-4-hydroxy-5-tert-butylphenyl) butane, cyclic neopentanetetrayl bis
(octadecy! phasphite), 4,4'-thiobis (6-tert-butyl-m-cresol), 2,2'-methylenebis (6-

20 tert-butyl-p-cresol), oxaly! bis (benzylidenehydrazide) and naturally occurring

antioxidants such as raw seed oils, wheat germ qil, tocopherols and gums.

[0018] Preferably, the free radical scavenger is provided in an amount of 10-

1000 ppm (wt.); more preferably an amount of of 50-500 ppm (wt.); most

-8-



No polynerization was detected. -18 Table 1 The stability of TOMCATS type
siloxane with and without BHT inhibitor in the presence of various chem cal
sources of free radicals. Exanple No.Gs in Headspace*% Purity of TOMCATS
type sil oxanes (before testing)Spiked with 150 ppm BHT?Ti ne C-3 90C
(hrs)Extent of Polynerization after testing (% Average % Pol ynerization of
duplicate sanples (after testing)l ANone99. 962No0O< 0. 005< 0. 0051

e ey, 2 A 981 88207 B Ast); LRfrmOBRUnEERNGRA0-188%00

ENone99. 962

FNone99. 962Yes240. 0752AC0OZ99. 962No240. 2420. 2162BC0z99. 962No240. 1902CC0Oz99. 9
62Yes240. OPBY. (8882DC0Oz99. 962Yes240. 0273A0z99. 962N0246. 4826. 4623B0299. 962No2
46. 4423C0Z99. 962Yes240. 0060. 0313D , O0z99. 962, Yes240. 0574NF399. 93No24 ~>

i 0.0 $> 10. O5NF, 99. 95Yes24 ~< 0.01< 0.01 5 * Al contam nant gases were

S Keo o B S b RS e BB S, BB B e
goi | cds THPGYMEZAGPO N THMEATS ssslsBepaa ICeadiial CVD FrotBsE cBfitiots, ¥

a standard laboratory test was established with the intent of accei.erating the

normal polymerization process. The accelerated aging test is meant to simulate

the normal course of gradual polymeriiation that would typically occur over a

more protracted period of time. This test, which consists of exposing a sealed

10 quartz ampoule of TOMCATS type siloxane to elevated temperature for 24 hours,

is referred to in the present document as the “accelerated aging test”. These

conditions are understood to be considerably more severe than TOMCATS type

siloxane would be subjected to in a typical CVD process. [n a typical accelerated

aging test, the ampoule is loaded with approximately 5.0 ml of TOMCATS type

15  siloxane and, except for “control experiments”, a free radical scavenger to inhibit

polymerization. The TOMCATS type siloxane/additive mixture is cooled in a

liquid nitrogen bath. Then, the atmosphere above the TOMCATS type siloxane is

evacuated for 5 minutes. The neck of the quartz afnpoule is subsequently sealed

using a hydrogen/oxygen torch. The sealed ampoule is placed‘ in an oven and

20 held at 120°C for 5 days. The ampoule is removed and allowed to cooi to room

temperature. lts contents are analyzed by gas chromatograph (GC) to measure

the degree of polymerization.



-19 [ 0035] The present invention has been set forth wth regard to
several preferred enbodi nents, but the full scope of the present invention
shoul d be ascertained fromthe clainms which follow. 'rJ N \DOCNOS\ 06223P
USA. DOC CLAIMS 1. A process for stabilizing a cyclotetrasil oxane agai nst
pol ynmeri zation used in a chem cal vapor deposition process for silicon
oxides in electronic material fabrication, conprising; providing an

ef fective t 191 € of HiiRbritRp WTRdaEat P QuaRNtAIVERT by GERI dhis
cyclotetra ar.lrzjehg\%é{le;é Pﬁgﬁ?)ﬁﬁ%%%tﬁg] gﬁ{r?uq%a: Rgl Rs Ra R? V\%ere R'' are
individually selected fromthe ar I St :

br anched oFgQ?W‘W% isverysefsiye %r @%}%Cﬁﬁﬁ?',%bh@%ﬁa@%%ﬁ’%ggﬂ%%sgghgéhﬁ%
process of Claim1 wherein said free radi cal scaven is sel f.r t he
group consbytthagosnation ef diighet m@%‘aMWﬁQMﬁpeﬁﬁ’éﬂ%ﬁE longer FStEhEiEn"drRES
2,2,6, 6tetranet hyl - 1- pi peri di nyl oxy, 2, 6-di nethyl phenol, ]

2-tert - but yarf-thgdpareranTEMBATS dype bsitoxana- peakoxyEAMEATES PYPepFiloxaner
3,4, 5-tri hydroxy-benzoic acid, 2-(1,1dimethylethyl)-1,4-benzenediol,

di phenys pi gaydistadre dté@fiheBubiecat @ndtoliscdsitd byevisybbinspection are not

2,6-di nethylaniline, p-nethoxydi phenyl am ne, diphenyl am ne,

N, N -di phe&ﬁ(@f@j}ghﬁfﬁwoﬁn‘iﬂ% sﬁdie m-ehBGHgﬁﬁﬁé%pmnyé@mm, shBgaRds tend to

oct adecyl 3- i-tert-bu hydroxyphenyl) propionate, tetrakis

(met hyfene, (3,5-di-tertbutyl)-4-hydroxy- (o]of e ;
phenot hi azi’ sF—‘,rS'gM?‘P%tﬁi”HB%@? g@u?’%ﬂ??ﬁ%?%%%ﬁt@%@ g:lblsd?cﬁlt'Qﬂjé to their low
(3,5, -di-tert-butyl -4- hydroxa_zo hydr oci nnanat e, 1,% -biej ibed in th
(3. 5-di - t eselubility1and hgwr ¥akltdr o SUsHaSBTIPIES Aie Hyalikativgly described in the
(2-net hyl - 4- hydr oxy-5-tert-butyl phenyl) butane, cyclic neopentanetetrayl
bi s (oct adpradenlimaptiionep, havedgraaheotbias 1BwE.86 pobime, Cﬁﬂ@'ﬁgﬁﬁﬁlwi?h previous
2,2' -nmethyl enebis (6tert-butyl-p-cresol), oxalyl bis (benzylidenehydrazi de)
and m x4 ur geséhetiens. _21_ 3. The process of Claim2 wherein said free
radi cal scavenger is 2,6-ditert-butyl-4-methyl phenol. 4. The process of
Claim2 wherein said free radical scavenger is 5 provided in an anmount of
10-1000 ppm (wt.). 5. The process of Caim2 wherein said free radical
scavenger [G02¥]oviheepolymesizationwitcyslicalfp@gsiBaanaphasnwpegn dedergiinggdo be
process of Claim2 wherein said free radi cal scavenger is provided in an
amount of @htah@re?bObPpifce radicals.  Laboratory observations suggest that the

polymerization of TOMCATS type sifoxane- is particularly sensitive to exposure 10
15 oxygen or nitrogen trifluoride, both of which the siloxane is exposed to in use in
semiconductor manufacture. The additives described in this invention form
solutions with TOMCATS type siloxane at the tested concentrations. In addition,
these additives are not anticipated to have a detrimental irhpact on ;he overall
CVD process by virtue of their concentration and their chemical and physical

20 characteristics.

[0022] In-house experiments have established that TOMCATS type siloxane is
sensitive to oxygen and/or nitrogen trifluoride at elevated temperatures.

TOMCATS type siloxane reacts with oxygen and/or nitrogen trifluoride forming

-10 -



7. The process of Claim2 wherein said free radical scavenger is provided
in an anount of of 100-200 ppm(wt.). 15 8. A process for stabilizing
1,3,5, 7-tetranet hyl cycl ot etrasi | oxane agai nst pol ynmeri zation used in a
chem cal vapor deposition process-for silicon oxides in electronic materi al
fabrication conprising providing an effective amount of a free radical
scavenger pol ynerization inhibitor to said 1, 3,5,720
tetramet hyl cycl ot.etrasi . : | 16 Sr te iIhgab0°Cr ee
ofiBhE PR B RAG PPsiet RBrRERaRNES oLl 0

radi cal sc romthe group consisting o

i ur es. t RBRdsIPari Ity ThpBReteuacs Fyder o iduen HiRloRe!iE cammkynd

1,3,5 7-tetranet hyl cycl ot etrasi | oxane_agai nst- I ri,zati.on y

oxygen, caubedn adi itwei addizing gas in tRifgER Pﬁqcﬁﬁﬁ%ﬁ? i?qé{@sggpgﬂﬁ%ﬂ ﬁgﬁ%gza‘fﬂ%\ﬁapor
deposition process for silicon oxides in electronic material fabrication
conpri si NgHBRPTIGMORTS ftype silatirenlbr esaa erlganingoganib@wesn gpredyction runs.
tetramet hyl cycl otetrasil oxane. -22 11. The process of Caim 10 wherein

sai d free padl VRRGRE diabiks SCTEMEATS type gilaxamesoinsihet pragarice of
2, 6-di -fer P-%E%th?,[?%-eget hyl phenoﬁ, 2,2,6, 6tetranet hyl - 1- pi peri di nyl oxy and

2

m xtures ther . B i i Wash Masie stabilizing

agai nst popglfierc}{‘fgﬁ%@nd{?élec%o?ﬁgghtﬁt@g?&\}%gt@ggﬁosi tion process for

silicon oxides in electronic material fabrication, conprising; (a) said

cyclotetrasil oxane having the followng formula: R F R5 ~3 10 where R -’

are indivi fb{ﬁdéy]-ge[g&g% t{\i@,q@abﬁ\thmg}mgqssw@ sidvxahehyds epiked witholomal |
cyclic ., 0 al kyl

branched o grodp) and a C,_a al koxy group, and (b) a

1 55, 7t BERBrgngselt W KR yeRtas R ol st Rye luerRrRes AMMYS i on
oxi o<1 1 168? oAV ENGRIEAHSI DY SBIAICRD i ga e RS tharbrocday fle.

1,3,5, 7tetranmet hyl cycl ot etrasi |l oxane and a free radi.cal scav n9ehH . co
pol yrer i zatddiealireaction mathway The fxee Japissl srayenger investigated as Ugr, LUz
1,3,5, 7-tetranmet hyl cycl otetrasil oxane, used in a chem cal vapor deposition
process asapdforesitrogen fifiuosdéi stabiliersiesas 2, 6tdiderdntyl-4rmainylaphenol (or
fabrication, stabilized agai nst polynerization, conprising (a)

1,3, 5, 7t et paretdb@yHyaiGhrasbhex aNEMEATSaype estloxare ceds substangerly sedect ed
fromthe group consisting of 2,6-di-tert-butyl-4-nmethyl phenol,

2,2,6,6-tef s?g‘_éhwwérd e cpépélr&%ﬂ H&r’béb%wﬂuaria@whéw&wkeé-dmw BHvantsol e,

3-tert-but roXyanf'so propyl éster 3,4,5-trihydroxy-benzoic acid,

2-(1, 1-di methyl et hyl )1, 4- bepzenedi gl L Qhe |.Cr |,

4-ter t1%ut ngﬁ%cﬂm#m@% Vaﬂ*:allqlﬁepf %ﬁ?h@%@!yﬁﬁéhg?%ﬁm ne, sensitivity of

di phenyl am_ne, N_N - Bi phenyl - p- phenyl enedi ar nj,ne...p. 5 h oxydi ph ] ne,
phenol , ocT&MGHTS3yPS: Slﬁa“ﬁem%atd}%-égﬁﬁﬂdﬁ&ﬁﬁ&ﬂﬂrb *ﬁ@gﬁ'ﬁgnﬁt g’,%g
tetrakis (nethylene (3,5-di-tert-butyl)-4-hydroxy-hydrocinnamat.e) rretp'ane,
phenot hi aziamseratireyaarshdsvioibyothecaeries 9f Jadts: il @h@ds(Table 1).7 Another
(3,5,-di-tertbutyl -4-hydroxy-hydroci nnamate, 1,2,-bis

(3, 5-di - t ependiitt i tHty BHIX ¥hcdbeo of ratemity Initrogen artiok, reporedly gives rse to
(2- nmet hyl - 4- hydr oxy-5-tert-butyl phenyl) 10 butane, cyclic neopentanetetrayl

bi's (oct adﬁﬁéféﬁl%?% BASIcalim roberfidd OPEMHG 4 alddwkndoten to eeain effective O,

2,2 -nmethylenebis (6-tes utyl-p-cresol), oxalyl bis

(benzy) ] depelsis) AogBRTiMiSIAE ERoBT 20r - 15 N\ DOCNOS! 06223P LSA. DO

[0024] 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

type siloxane to Oz CO; and/or nitrogen trifluoride, thereby, reducing the

a1 -



-24 REFERENCES 1 User's Cuide For: d ass Deposition with TEGCS; Schumacher
G oup, Air Products and Chemicals, Inc., 1992. 5 2 Extrema TOMCATS
(Tetranmet hyl cycl ot etrasi | oxane) Product Data Sheet; Schumacher G oup, Air
Products and Chem cals, Inc., 2000. 3 Moddeling of Low Pressure Deposition
of Si 02 by Deconposition of TECS; Schumacher G oup, Ar Products and

Chem cals, Inc., 1979. 10 4 The Deposition of Silicon D oxide Filns at

Reduced Prgssure:. Schumacher i ng., Chreg, € | Ag
6/1979. 5 e‘E‘G’@ngﬁy? U an{’*?%ﬁ”%ﬁ‘{Sgﬁ@g%Zﬂ‘?t 92’3 02 T%?‘?ifoﬁi Prrfsogr?;
Renote 15 Pl asma- enhanced Cheni cal, Vapour By | CVD)~ | i catdons
in Met al - Gkiflgeriden RIGRIed o PQIWIPRSZ c EW@E@?& ﬁ)&gerlaaqxs or Ogﬁegs

and El ectronics, Vol. 6, 55-72 (1996). 6 G_ Tochitani, M i Mz a H.
Tagashi r a, s&emogers/antiotidantsi cameniaedoior fthlrsn%fﬂw SRS i@ﬁ%\ﬁ?&&ﬁﬂ%ncy
pl asma chem cal vapor deposition, J. Vac. Sci. Technol. A Vol. 11, No. 2

Mar / Apr  198%ihyl fhertfl, Ray6 6 Catrimehtnylt1i-pipSridikyloxah Priertandyin-hedreaeeisdler ti,

Properties of silicon dioxide filns deposited at | ow tenperatures by

m crowave glasr 54 1 @&{;@, : Og,}a%y' et 9k, 8-8ih bentdiosadide 2-61,13.
Vac. \g%l gégﬁ%@ ‘Eﬁp 0 .sﬁg(,é?é:No. ,Ilvay/Jun 1992. B)mC‘:. S. Pai, J. F

M ner and P. o} I | o, c s tddHge fjor
Ot de pepodieediiig at et <HPHR NS, T LR

139, No. 3, March 1992. 9 C -P. Chang, C S. Paj J. i€ _.and
cheni cal rB@REANEPEect E"’Bﬁth%dgﬂéﬁg@m)@?’ageggbeﬁaggﬂ%&enhgﬁge p@%@m gal
vapor deposition of tetraethylorthosilicate filnms, J. ﬁ%ﬁ. Phys g? (t4|)t 15
February 199enylasediamine.S. piyidroxydiphenyiarginean@®nenop, Jeqyl (3 gifi-tert”
Cycl ot ron Resonance M crowave Di scharge for Oxi de Deposition Usin

Tet r anmet hybg%;uqtpimmﬂemy@neprobiommpl . tétraids , (wethylgge NG.5-di-tert-Rghil)-4-
1993. 40 11 A Hochberg and B. Celernt, User's CGuide For: Undoped d ass,

PSG, i GNRATER \SowrstBaNat erdghanottieringsc halkyi@niddfraisburessand
Chem ?;qjsa?ﬁgﬁ)m%égl 12 A.) Lagengi ik, FjI\/let hod of Forming Silicon Dioxide

G2t L R 8- byt £2180 2

S.h Ri f}‘l e, anf hia, I | It kes, An Overvi ew of
P ! X i A L LAt ) O
borym) " riestBub iyt Raa, A Sy il Sty

Conpositions, U S. Patent No. 5,548,006, 1996, 15 M Lut B, . T yen
and R K. utyipheoyd butanecuevabcenespeanefadiyl ﬁsdeﬁﬁag%yﬁ&zﬂﬁé%f%a?%
Hydrosilation Catal yst and Method for Preparing Same, U.S. Patent No. .

5, 380, 812, thi&95. (i@ riAoutyl-matraiskl), Ergép'aethwﬁa@ﬁbﬁf (Gstesbbutybepeesabs Pxall bis
Organosi licon Conpositions Containing a Platinum Catal yst and an

Acryl oy t rid@z?ﬁ@@né@o@aﬂa@trmmd khiguréntiesteoB, 3Mdiutally obB6Fingl ankoxiBanter
and B. Bertol efte Hardman, Latent Addition Curable O ganopol ysil oxane

Composi t 1 08 abd e Bebchts yB82o P8, iiFE gcP dib MooBnaivIeardAums.

Yamanot o, I zat1on of Low Mol ecul ar-Wei ght Met hyl Cycl osi | oxanes,
Japanese Patent No. JP 07145179, 1999. -26
/ NP/ N3/ NP/ NP/ N3/ N/ N3/ N/ NP/ NP/ N3/ NP/ N' N' N

INPtIN N '\'[%%’2'},"]P%ﬁg'go'}i’,r'ﬁgﬁz'\'é”t’io'\r'mpé!\"r S%AT@ tf/'ge siloxanes is known to be catalyzed

by free radicals. The present invention demonstrates that certain free radical
20 scavengers are effective additives for inhibiting the polymerization of TOMCATS
type siloxanes, such as 2,6-di-tert-butyl-4-methyl phenol, also known as

butylhydroxytoluene (BHT).
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Stability of TOMCATS type siloxane, with and without BHT

[0027] Six quartz ampoules with a nominal volume of 80-80 ml were used for
this test. These ampoules will be referred to in the present example as 1A, 1B,

25 1C, 1D, 1E and 1F. These ampoules were prepared by rinsing twice with distilled
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water, twice with reagent grade acetone, then placed into a drying oven at 175°C
for 16-18 hours. The dry ampoules were removed from the oven and used whiie
still warm. Approximately 5.0 ml of additive free TOMCATS type siloxane was
loaded into ampoules 1A, 1B, 1C and 1D. A similar amount of TOMCATS type
5 siloxane containing 150 ppm (by weight) BHT was loaded into ampoules 1E and
1F. Teflon valves were attached to the open end of the ampoules. The end of
ampoule 1A was immersed in a liquid nitrogen bath to cause any vapdrized
TOMCATS type siloxane to condense. The air was evacuatied from the
headspace of the ampoule by subjecting it to vacuum for 5 minutes. The
10 ampoule was sealed at the neck using a hydrogen/oxygen torch. The remain'ing
5 ampoules (1B-1F) were sealed in a similar fashion. Sealed ampouies 1C, 1D,
1_E and 1F were placed in a nitrogen-purged oven, and subsequently held at a
constant temperature of 90°C for 24 hours. Ampoules 1A and 1B were kept at

room temperature and served as control samples. After 24 hours the heated

15  ampoules were removed from the oven and allowed to cool to room temperature.

[0028] GC analysis showed no significant polymerization for the control samples
(1A, 1B) relative to the lot material. The heated samples with no additive (1C,
1D) showed an average polymerization of 0.136%. The heated samples with 150
20 ppm BHT had an average polymerization of 0.079%. Results are summarized in

Table 1.
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Example 2: Sensitivity to carbon dioxide.
Exposure of TOMCATS type siloxane to 0.50 weight % carbon dioxide

[0029] Four qﬁartz ampoules (2A, 2B, 2C and 2D) were cleaned anid dried as
described in Example 1. Approximately 5.0 g of TOMCATS type siloxane
containing no additive was loaded into ampoules 2A and 2B. A similar amount of
TOMCATS type siloxane spiked with 150 ppm by weight of BHT was loaded into
10 ampoules 2C and 2D. Each of the 4 ampoules was equipped with a guartz side-
arm extension, capped with a septum. Ampoule 2A was cooled to liquid nitrogen
temperature and evacuated to remove the air in the headspace. The ampoule
was isolated from the vacuum and 19 sccm of gaseous carbon dioxide was
injected via a syringe through the septum cap on the side arm. The ampoule, still
15 under sub-ambient pressure, was sealed using a torch as described in Example
1. The remaining 3 ampoules (2B, 2C and.2D) were prepared and sealed in the
same manner. All four sealed ampoules were heated for 24 hours at 90°C as
described in Example 1. TOMCATS type siloxane without additive showed an
average pblymerization of 0.216%. The same chemiéal with 150 ppm of BHT
20  additive showed an average polymerization of 0.028%. Results are summatrized

in Table 1.

Example 3: Sensitivity to oxygen.
25 Exposure of TOMCATS type siloxane to 0.50 weight % oxygen
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described in Example 1. Approximately 5.0 g of TOMCATS type siloxane

AOVBLBLE (121 d. € J80%D S (ho! 303 US ! i 105) AORAGRAMAUIRY et oo

containing no additive was loaded into ampoules 3A and 3B. A similar amount of
TOMCATS type siloxane spiked with 150 ppm by weight of BHT was loaded into

5 ampoules 3C and 3D. Each of the 4 ampoules was equipped with a quartz side-
arm extension, capped with a éeptum. Ampoule 3A was cooled to liquid nitrogen
temperature and evacuated to remove the air in the headspace. The ampoule
was isolated from the vacuum and 19 sccm of oxygen was injected via a syringe
through the septum cap on the side arm. The ampoule, still under sub-ambient

10 pressure, was sealed using a torch as described in Example 1. The remaining 3
ampoules (3B, 3C and 3D) were prepared and sealed in the same manner. All
four sealed ampoules were heated for 24 hours at 90°C as described in Example

1. TOMCATS fype siloxane without additive showed an average polymerization

of 6.462%. The same chemical with 150 ppm of BHT additive showed an

15 average polymerization of 0.031%. Results are summarized in Table 1.

Exampic 4: Sensitivity to nitrogen trifluoride.
Exposure of TOMCATS type siloxane without BHT to nitrogen trifluoride

20
[0031] Compatibility tests were carried to evaluate the effectiveness of free

radical scavengers, such as BHT, to inhibit the nitrogen trifluoride promoted
polymerization of TOMCATS type siloxane. Because of the potential reactivity of
NFs and the corrosive nature of possibly byproducts, these compatibility tests

25 were carried out in a 300cc stainiess steel Parr Reactor.
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5 additive to stabilize TOMCATS type siloxane. The gas in the reactor headspace
was evacuated. NFs; was expanded into the headspace such that its final
concentration was 636 ppm by weight (0.0636 weight %). The reactor
temperature was raised to 100°C and held for 24 hours. After the specified time,
the NF; was removed by pumping out the reactor. The reactor was opened.

10 The TOMCATS type siloxane had completely gelled. There was no residual

liquid in the reactor.

[0033] Samples that are very viscous or gelled, such as the one described in the
present example, are indicative of a high degree of polymerization for TOMCATS
15 type siloxane. These samples are not amenable to analysis by GC due fo their
insolubility in common organic solvents. Such samples are assigned a degree of

polymerization of “>10 weight %" for the purpose of this document.

20 Example 5: Sensitivity to nitrogen trifluoride.
Exposure of TOMCATS type siloxane with 150 ppm BHT to nitrogen trifluoride

[0034] 49.863 g of TOMCATS type siloxane was loaded into the 300 cc reactor.
This sample of TOMCATS type siloxane had been previously spiked with 150

25 ppm by weight of BHT. The gas in the reactor headspace was evacuated. NF;
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() - XN Ffa@ed IS RS dspace such that its final concentration was 631 ppm
by weight (0.0631 weight %). The reactor temperature was raised to 100°C and
held for 24 hours. After the specified time, the NF; was removed by pumping out
the reactor. The reactor was opened and 45.631 g of clear colorless liquid was

5 recovered. The loss in weight was probably due to pumping on the reactor at the
end of the experiment to remove the NFs. The liquid was transferred to a
polyethylene bottle. A sample was analyzed by GC, establishing that the purity of
TOMCATS type siloxane stayed the same at 99.95% before and after analysis.

No polymerization was detected.

10
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Example Gas in % Purity of | Spiked | Time Extent of Average %
No. Headspace* | TOMCATS | with @ | Polymerization Polymerizatién
type 150 | 90°C | after testing of duplicats
siloxanes ppm | {hrs) (%) samples (after
(before BHT? testing)
testing)

1A None 99.962 No 0 < 0.005 < 0.005
1B None 99.962 No 0 < 0.005

1C None 98,962 No 24 0.113 0.136
1D None 99.962 No 24 0.159

1E None 99.962 Yes 24 0.084 0.079
1F None 99.962 Yes 24 0.075

2A CO, 99.962 No 24 0.242 0.216
2B CQ, 99.962 No 24 0.190
2C CO, 99.962 Yes 24 0.028 0.028
2D CO, 99.962 Yes 24 0.027

3A O, 99.962 No 24 6.482 6.462
3B 0, 99.962 No 24 6.442

3C 0, 99.962 Yes 24 0.006 0.031
3D 0, 99.962 Yes 24 0.057 _

4 NF, 99.93 No 24 ¥ >10.0% > 10.0

5 NF, 99.95 Yes 24 ¥ < 0.01 < 0.01

5 * All contaminant gases were spiked at 0.50 weight percent, with the exception of NF, in
Examples #4,and #5, that was present at 0.0636 wt.% and 0.0631 wt.%, respectively.

¥ Testing temperature was 100°C.
+ No GC was run since this sample had fully gefled. This is indicative of > 10% polymerization.
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embodiments, but the full scope of the present invention should be ascertained

from the claims which foliow.
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1. A process for stabilizing a cyclotetrasiloxane against polymerization

used in a chemical vapor deposition process for silicon oxides in electronic
material fabrication, comprising; providing an effective amount of a free radical
polymerization inhibitor to said cyclotetrasiloxane having the following formula:

Ti
H
Sgi— R®
o) O\Si/

0 R A
R—g; o) :
 No—sl

RS 1\ R4

RS

where R'7 are individually selected from the group consisting of hydrogen, a

normal, branched or cyclic Cy.10 alkyl group, and a C1.4 alkoxy group.

2. The process of Claim 1 wherein said free radical scavenger is
selected from the group consisting of: 2,6-ditert-butyl-4-methyl phenol, 2,2,6,6-
tetramethyl-1-piperidinyloxy, 2,6-dimethylphenol, 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-bdty|catechol, N-
methylaniline, 2,6-dimethylaniline, 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-teﬁ-buty!-4-hydroxyhydrocinnamoyl)_ hydrazine,
tris (2-methyl-4-hydroxy-5-tert-butylphenyl) butane, cyclic neopentanetetrayl bis
(octadecy! phosphite), 4,4’-thiobis (6-tert-butyl-m-cresol), 2 2'-methylenebis (8-
tert-butyl-p-cresol), oxalyl bis (benzylidenehydrazide) and mixtures thereof.
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tert-butyl-4-methyl phenol.

4. The process of Claim 2 wherein said free radical scavenger is

5 provided in an amount of 10-1000 ppm (wt.).

5. The process of Claim 2 wherein said free radical scavenger is

provided in an amount of of 50-500 ppm (wt.).

10 6. The process of Claim 2 wherein said free radical scavenger is
provided in an amount of of 50-250 ppm (wt.).

7. The process of Claim 2 wherein said free radical scavenger is
provided in an amount of of 100-200 ppm (wt.).

15
8. A process for stabilizing 1,3,5,7-tetramethylcyclotetrasiioxane against

polymerization used in a chemical vapor deposition process for silicon oxides in
electronic material fabrication comprising providing an effective amount of a free
radical scavenger polymerization inhibitor to said 1,3,5,7-

20 tetramethylcyclotetrasiloxane.

9. The process of Claim 8 wherein said free radical scavenger is
selected from the group consisting of 2,6-di-tert-butyl-4-methyl phenol, 2,2,5,6-
tetramethyi-1-piperidinyloxy and mixtures thereof.

25
10. A process for stabilizing 1,3,5,7-tetramethylicyclotetrasiioxane against

polymerization caused by oxygen, carbon dioxide and/or nitrogen trifluoride used
in a chemical vapor deposition process for silicon oxides in electronic material
fabrication comprising providing a free radical scavenger to said 1,3,5,7-

30 tetramethylcyclotetrasiloxane.
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selected from the group consisting of 2 B-di-tert-butyl-4-methy! phenai, 2,2,6,6-

tetramethyl-1-piperidinyloxy and mixtures thereof.

5 12. 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 cyclotetrésitoxane having the

following formula:

T‘!
H
Ng 2
SN

;] t\Ra
RL__ L !

S No—s?
RS I\ r*

| R’
10 where R'7 are individually selected from the group consisting of hydrogen, a
normal, branched or cyclic Cy.10 alkyl group, and a C.4 alkoxy group, and {b) a
free radical scavenger polymerization inhibitor.

13. A composition of 1,3,5,T-tetramethy!cyclotetrasionane stabilized

15 against polymerization used in a chemical vapor deposition process as a

nfecursor for silicon oxides in electronic material fabrication comprising 1,3,5,7-

tetramethylcyclotetrasi!dxane and a free radical scavenger polymerization
inhibitor .

20 14. 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 (a) 1,3,5,7-
tetramethylcyclotetrasiloxane, (b) a free radical scavenger selected from the
group consisting of 2,6-di-tert-butyl-4-methyl phenol, 2,2,8,8-tetramethyl-1-

-23.
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ester 3,4,5-trihydroxy-benzoic  acid, 2-(1,1'-dimethylethyl)-1,4-benzenediol,
diphenyipicrylhydrazyl, 4-tert-butylcatechol, N-methylaniline, D-
methoxydiphenylamine, diphenylamine, N,N'-diphenyl-p-phenylenediamine, p-
hydroxydiphenylamine, phena, octadecy!-3-(3,5-di-tert-butyl-4-hydroxyphenyf)
propionate, tetrakis (methylene (3,5-di-tert-buty!)-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-
butyl-m-cresol),  2,2-methylenebis  (B-tert-butyl-p-cresol),  oxalyl  Dbis
(benzylidenehydrazide) and mixtures thereof,
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