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15 2. Background of the Invention

[0002] The semiconductor industry requires numerous types of thin and
thick films to prepare semiconductor devices, many of which are based on
silicon. The elemental composition of these films is typically some

20  combination of silicon and carbon with various combinations of oxygen,
hydrogen, and fluorine. In United States Patent No. 6,914,335, Andideh et al.
teach how layers can differ and can be used for different purposes, while in
U.S. Pat. No. 6,846,515, Vrtis et al. teach ranges of silicon, oxygen, carbon
and hydrogen for dielectric films preferred by the semiconductor industry. A

25 frequently used process is chemical vapor deposition, and there are
numerous variations of this process.

[0003] In a typical chemical vapor deposition process, a silicon
containing compound is introduced into a deposition chamber containing a
30  substrate to be coated. The silicon containing compound is then chemically
or physically altered (i.e., reacted with another component, or subjected to
application of an energy source such as radiation, heat (thermal CVD), or
plasma (PECVD), etc.) to deposit a film on the substrate. Deposited films



constant of approximately 4 in the absence of pores, while filns that also
contain carbon (i.e., carbon doped silicon oxide) and/or pores often have
di el ect r I WOQOITBATES iR andaRyden (Tl NSlictntdxide)tefleas HPCE/USe06035303 bel ow
about 2.7 are preferred for newer sem conductor devices. In US6583048,
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to combin S¥¥ii con cont ai ni ng conpound(s) with one or nore additive
conpounds. These techni ques can be enployed to alter the chem cal

conposition of the filmto adjust the filmto the desired properties. U S
Pat Nos. §0GRY, 076, The prapverties of alsgersigposited ong subisiratads@;lvas, 323, herein
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anneal techniques. Another means to affect the layer properties is to use a

combination of silicon containing compounds or to combine a silicon
containing compound(s) with one or more additive compounds. These
techniques can be employed to alter the chemical composition of the film to
20  adjust the film to the desired properties. U.S. Pat Nos. 6,633,076, 6,2176,58,
6,159,871, 6,479,110 and 6,756,323, herein incorporated by reference, give
examples of how film properties are affected by changing deposition

parameters or component mixtures.

25 [0005] An alternative method of use for the additive compound is to
employ compounds whose fragments or atoms are only temporarily resident
in the film. The film can be post-treated to drive the fragments or atoms out of
the film using radiation or a combination of radiation and reactive gases, such
as oxygen, to create voids in the resulting film. This approach affects the

30 properties (e.g. dielectric constant) of the deposited film. The compounds

employed in this manner are described as porogens.

[0006] Typical porogens used in this type of approach are
predominately composed of carbon and hydrogen. Examples of some of the



enployed in this manner are described as porogens. [0006] Typical porogens
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evaporators (see U. S Patent No. 536, 323 and references therein) and
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rany Seon|3e(%é)’crllodnugnI equip R‘l%lnt éeswasble Vaporizer means can include several
types of vaporization apparatuses, including, but not limited to, heated
vaporizers (see U.S. Patent Nos. 6,604,492, 5,882,416, 5,835,678, and
references therein), bubbler ampoules (see U.S. Patent Nos. 4,979,545,
20 5,279,338, 5,551,309, 5,607,002, 5,992,830 and references therein), flash
evaporators (see U.S. Patent No. 5,536,323 and references therein) and
misting apparatuses (see U.S. Patent Nos. 5,451,260, 5,372,754, 6,383,555,

and references therein).

25 [0008] These purity and stability requirements are often difficult to
achieve. Many materials may oxidize or polymerize to some degree. Even
small amounts of such byproducts may be undesirable for many
semiconductor applications.

30 [0009] 1,3,5,7-Tetramethylcyclotetrasiloxane (TMCTS) is a
representative silicon containing compound which can be employed to
produce low k dielectric films and is an example of the difficuity in maintaining
stability. Initial work to establish reliable manufacturing processes was

hampered by the product gelling at different points in the deposition process,
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volatility materials which may or may not be soluble in the cyclic alkene
monomer. This reaction can cause significant degradation of the cyclic
alkene over time, even after brief air exposure at room temperature.

20
[0011] NBDE forms highly soluble, low volatility solid products in the
presence of adventitious air, which is not readily apparent on visual inspection
before the NDBE is evaporated. This can result in accumulation of the solid
product in a vaporizer means as the volatile NBDE is evaporated away. If the

25 surface area of the vaporizer means is small, it is possible that small amounts
of residue can hinder the evaporation of NBDE, eventually causing the
vaporizer means to clog with the low volatility solids. If a bubbler ampoule is
employed as the vaporizer means, oxidation products could initiate a
polymerization process, causing the entire contents of the bubbler to

30 polymerize and block the flow gas inlet line. This is especially true with
bubblers that are constantly heated to assist the vaporization process. Once
a vaporizer means becomes plugged with solid, the only remedy is to
disassemble and clean or replace the affected vaporizer means, which is very
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oligonerize in the presence of air, but it will not gel and the ring
st ruct ur ecorBpaunds.i nt act during the ol igomerization process. Wiere TMCTS
can conpl etely polynerize as a gel inside a chemcal |ine upon exposure to
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oxygen (see U.S. Patent Application Publication No. 2004/0127070 and Pat.
No. 6,858,697). By contrast, NBDE will slowly oligomerize in the presence of
air, but it will not gel and the ring structure remains intact during the

20  oligomerization process. Where TMCTS can completely polymerize as a gel
inside a chemical line upon exposure to air, NBDE instead forms a highly
soluble, medium to high molecular weight and low volatility oligomer that is
not apparent upon visual inspection, or easily detectable by gas
chromatography (GC). Instead, the resulting oligomeré are detected when the

25  volatile NBDE is evaporated away to leave behind the low volatility oligomers.

[0014] NBDE and similar materials are sometimes stabilized with
antioxidants, such as butylated hydroxytoluene, also known as 2,6-di-tert-
butyl-4-methylphenol (BHT), (see Clariant LSM 171779 Norbornadiene

30 Specification Sheet and Aldrich Catalog Number B3,380-3). These
antioxidants are commonly added at concentrations of 0.02 to 0.25 wt% (200
to 2,500 ppm), but additives can exceed this amount when the manufacturer
wants to increase shelf life. Chemical manufacturers prefer to use BHT due

to its low cost and availability. However, the concentrations of these additives
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expected to be compatible with cyclic alkenes due to its propensity to form

acid in the presence of trace moisture, where acid can initiate cyclic alkene

polymerization.

20
[0016] Thus the prior art does not describe a phenolic additive and inert
gas container purge method which can stabilize cyclic alkenes from

oligomerization or other undesired reactions during storage.
25 SUMMARY OF THE INVENTION

[0017] The present disclosure provides a stabilized cyclic alkene

composition comprising:

30 a) one or more substituted or unsubstituted cyclic alkenes, and
b) an antioxidant composition comprising at least one compound of
Formula (1), wherein the antioxidant composition is present in a
concentration between 1 ppm and 200 ppm, and wherein R' through
R5 can each independently be H, OH, C4-Cs linear, branched, or cyclic



gas contai ner purge nmethod which can stabilize cyclic al kenes from
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cont ai ni ng conpound in a container,™a film;@eposition tool, a film
deposition chanber within said film ion tool, a means for connecting
the containers to the filmdepositio per within said filmdeposition
tool, a streamof carrier gas t9§ sweep thecyclic a enﬁmrrposition and
the silicon containing conmpou roygh thg confbct g s into the film
deposition chanber, and a substrate /the film deposi ti on chanber of
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[0018] The present disclosure further provides a process using a cyclic
alkene composition for forming a layer of carbon-doped silicon oxide on a
wafer. The process comprises the steps of:
15
a) providing a cyclic alkene composition in a container, a silicon
containing compound in a container, a film deposition tool, a film
deposition chamber within said film deposition tool, a means for
connecting the containers to the film deposition chamber within said
20 film deposition tool, a stream of carrier gas to sweep the cyclic alkene
composition and the silicon containing compound through the
connecting means into the film deposition chamber, and a substrate
within the film deposition chamber of the film deposition tool;
b) introducing the vapors of the cyclic alkene composition and the silicon
25 containing compound into the carrier gas stream;
c) transporting the vapor of the cyclic alkene composition and silicon

containing compound into the film deposition chamber; and



b) introducing the vapors of the cyclic al kene conposition and the silicon
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for use with the conposTtions according to the present disclosure, where
two i ndependent vapbramohedneaoygcliaratkylsedCailinkat, saseheatt, ar eyplicalioxyr s.

[0020] Figure 2 is a representation,of. il mdeposition tool used in the
seni conduct or i ndusf¥ §&$§}ﬁ”€? eowqqughtg?e;c{)w sitions according to the
present di scl osungnerdliesSidaorhpilifor/BRAITYEE WitheRNEadtorieSiAdrtash t wo
separate precursors.
comprising a gas selected from the group consisting of helium,
neon, argon, krypton, xenon, radon, nitrogen, carbon monoxide or
15 carbon dioxide, after said composition is introduced to a container

intended for storage or shipping of said composition.
BRIEF DESCRIPTION OF DRAWINGS

20 [0019] Figure 1 is a representation of a film deposition tool used in the
semiconductor industry for use with the compositions according to the present
disclosure, where two independent vaporizer means are used with two

separate precursors.

25 [0020] Figure 2 is a representation of a film deposition tool used in the
semiconductor industry for use with the compositions according to the present
disclosure, where a single vaporizer means is used with two separate

precursors.
30 DETAILED DESCRIPTION OF THE INVENTION

[0021] The semiconductor industry requires numerous types of thin and
thick films to prepare semiconductor devices. A frequently used process to

prepare these films is chemical vapor deposition and there are numerous
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for many sem conductor applications. Thus materials used in the
sem cohduunsshedutResmajntengneeepetiods (aichtasy tasclaan opit chemicatiing®@sat o prevent
formati on of . . . . .
vaporizer means that is fouled or clogged with polymeric residue), the more
productive the tool is, making it more cost-effective. A deposition tool that
must be shut down often for cleaning and maintenance is not as appealing to
semiconductor manufacturing customers. Thus, continuous, long term

20  operation of equipment is desirable.

[0023] These purity and stability requirements are often difficult to
achieve. Many materials may oxidize, polymerize or rearrange to some
degree. Even small amounts of such byproducts may be undesirable for

25 many semiconductor applications. Thus materials used in the semiconductor
industry may require additives and purging methods to prevent formation of

undesired side reactions before reaching a deposition chamber.

[0024] Cyclic alkenes are materials of interest for chemical vapor
30  deposition to form low k dielectric films in the semiconductor industry that

require additives to be stabilized.

[0025] Chemicals, including additives, that are useful for the

semiconductor industry are typically limited to species that have a boiling
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NBDE boils at 89 OC while BHT boils at 265 OC. This difference is enough to
cause significant problens in a sem conductor deposition tool vaporizer

means1thavj0026}h smal In adgition tasiabilizingatheaycli¢ atkenes Gbisashantagemiisdovapori zer

means are_set .at .t he .| onest sible te r . | ete
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and t pesech®fbet.0 accunul ate in the vaporizer neans

[0027] Commonly, these vaporizer means are set at the lowest
possible temperature to allow complete vaporization of a liquid product while
avoiding thermal decomposition. It is also necessary to balance thermal

20 loading of the vaporizer means to correctly vaporize the product without
saturating a vapor stream. With these considerations, it is a fine balance to
vaporize the source chemical without adding too much heat. Thus, it is most
often the case that higher molecular weight components are poorly vaporized,
or not vaporized at all, and these tend to accumulate in the vaporizer means

25  to eventually clog it. For this reason, it is desirable to reduce the difference
between the boiling points of cyclic alkene derivatives and their stabilizers,
and to reduce the concentrations of the stabilizers to their lowest levels. It is
not obvious, however, which higher volatility additives with a desirable
elemental composition and can effectively stabilize the cyclic alkenes in low

30 concentrations.

[0028] When a bubbler ampoule is employed as a vaporizer means, a
small amount (up to about 10% by weight of the chemical in the ampoule) of

accumulated stabilizer is tolerable. This is because bubbler ampoules have a
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to eventually clog it. For this reason, it is desirable to reduce the
di fference between the boiling points of cyclic al kene derivatives and
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shown ;i n Eempeliads in vapdredetiveny reesaigading thamore consistent, higher quality

deposited films.

[0030] In one embodiment of the present disclosure, the cyclic alkene
composition comprises:
20
a) one or more substituted or unsubstituted cyclic alkenes, and
b) an antioxidant compound shown in Formula (1), wherein the antioxidant
compound is a phenolic compound and is present in a concentration
between 1 ppm and 200 ppm and wherein R' through R® can each
25 ¢ independently be H, OH, C4-Cg linear, branched, or cyclic alkyl, C4-Cs
linear, branched, or cyclic alkoxy or substituted or unsubstituted aryl,
wherein said composition is purged with at least one inert gas comprising
a gas selected from the group consisting of helium, neon, argon, krypton,
xenon, radon, nitrogen, carbon monoxide or carbon dioxide, after said
30 composition is introduced to a container intended for storage or shipping of

said composition.
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conpound is a phenolic conpound and is present in a concentration between 1
ppm and 200 ppm and wherein R1 through R5 can each i ndependently be H, OH,
C -C 8 | iweang7/d3seached, or cyclidc al kyly,5 G -C 8 | i near pChhrsp@amss3opr
cyclic al koxy or substituted or™\nsubstituted aryl, wherein said
conposition is purged with at |east oné inert gas conprising a gas sel ected
fromthe group consisting of helidm Tngon, argon krypt on, xenon, radon,
nitrogen, carbon nonoxi de Qg carbon dio i de &i conposition is
i ntroduced to a contai ner tenagd for .torgbe shﬂgging of said

conposition.[0031] A cyclic al kem i s ereby defined as any carbocyclic
conpound havi ng a nonaromati c double bond in a nonaromatic ring. Exanples
of classes of cyclic al kene incb%de but jare not limted to cycloal kenes,
cycl oal kadi enes, cycl oal katrien cycl &al kat etraenes, aromati c-contai ni ng
cycl ool efins, polycyclic al kenes, polycyclic al kadi enes, polycyclic

al katri enes, polycyclic alkatetraenes and m xtures thereof. [0032] A
preferr ed[Qﬂ3a§s of Ayyiclic aﬂdelnene:heeel:a/ defingidyasoanyroathioelyglicceapourad ed cyclic
al kenes ohathe gener er of

al r
car bons i A2Y'AE %’P‘?Q?é??‘%‘?é{m@?%??@%{m?Qoxqu%%@ngruﬁ@mpg?sﬁnsaturat ed
sites in pRgsed bfTWdrcCaYK‘édé?rn%MdéCbeﬁr’e retdin¥itdcStot djRIdHmarRs, of non hydrogen
substituents, R on the primary cyclic structure. "In this ¢l ass of cyclic
al kenes, ny¢lealhadlenee,grarclqa"@amenee cygloakkatetragnes; megvatiensantaining n/2 y is

o et SOl o8N B M BT e Bl oo

unsat ur at gglycpdlicGlikatefrashé®)Xahd ridGldsttHeebfor unsubstituted aryl, or a
substituted silicon containing substituent. A nore preferred range of

values for nis 6 to 14, and a nost preferred range is 8 to 12. Exanpl es of
this | ude, I ne,

Ui 6) 3 Rod 0e, AMbrcRaR Bate of BART i Shes B il LGH

, 5-cycl ooahe@tumed cyclnyehlkgne@bémmnerabl’onhutae@ﬂ-lgn 2x- yRy where n is the

number of carbons in the primary cyclic structure, x is the number of

unsaturated sites in the primary cyclic structure, and y is the number of non
hydrogen substituents, R, on the primary cyclic structure. In this class of

15 cyclic alkenes, n is an integer from 4 to 18, x is an integerand 1 = x<n/2,yis
an integer and 0 £y < 2n-2x, and each R can independently be C4-Cys linear,
branched, unsaturated, or cyclic alkyl, C4-C+g linear, branched, unsaturated,
or cyclic alkoxy, substituted or unsubstituted aryl, or a substituted silicon
containing substituent. A more preferred range of values for n is 6 to 14, and

20 amost preferred range is 8 to 12. Examples of this class include, but are not
limited to, t-butylcyclohexene, alpha-terpinene, limonene, gamma-terpinene,
1,5-dimethyl-1,5-cyclooctadiene, vinylcyclohexene, cyclobutene,
methylcyclobutene, dimethylcyclobutene, trimethylcyclobutene,
ethylcyclobutene, diethylcyclobutene, triethylcyclobutene,

25 methoxycyclobutene, methylmethoxycyclobutene, cyclohexylcyclobutene,
isopropylcyclobutene, isopropenylcyclobutene, cyclopentene,
methylcyclopentene, dimethylcyclopentene, trimethylcyclopentene,
methoxycyclopentene, methylmethoxycyclopentene, cyclohexylcyclopentene,
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met hyl cycl obut ene, di met hyl cycl obut ene, trimethyl cycl obut ene,
et hyl cycl obut ene, di et hyl cycl obutene, triethylcycl obutene,

met hOXyCbeQb@W‘Pmﬁad@ﬂ@b{é WE@M&HVI%}/&B pé&isafe, Wwﬂédlmlmmlﬂmﬁty
i sopropyl cycl obut’ene, i sopropenyl cycl obut ene, cycl opent ene,

net hyl cyc h’tﬁib}'ﬂ@!ﬁd@pel@tadﬁnﬁyﬂ abwppﬁetadtenawﬁmwywcmmw@ne

gzzrg)ﬁg%ﬁi‘%ﬁs ﬁ@gﬁE%@%#%%ﬁ@%ﬁpgm;@%dadIe?%yI cycl opent adi ene,

tri met hyl eyelbRegnéyaibseitadishe hissprpsicyepen

nethylnethoxycyclopentadlene cyclohexylcyclo enﬁ di ene,

i soEr f)é)yl fﬁﬂﬂrm@&i%ta igBer Qsahaxepe| €Ny cl ohexene,
met hyl cycly
met hoxycycﬂnﬁmgréﬁc'ﬂw%@dx 'ﬁnﬁm%acl 0 een%nmeE WC&M%Q% lé?/!(rzlleohexene
ot ﬁ;f’?%f’fﬁggﬁ“ﬁ? e"“glcyﬁ'f’“ngf‘ﬁm’rwwwwehexer?’m?ﬁ”?“ye'f’bﬁxe"%

cl ohexadi ot cycl ohexadi ene,
net hoxycyé:‘ilc’(Pr‘i‘éR‘%{B'‘é}’r?l-,o SXelRo XF% di@;@ 6'?\%5)5'8)’%’959 xadiené,
cycl ohexyly éﬂh?f&ﬁél%ﬂ ?é‘cﬁenésﬁi?ﬁétﬁzlbchIShé’%‘di@ﬁ’é 6l‘ﬁé‘choxxcyclohexad|ene

| sopropeny ycI exa | ene, cyclo ene, met hyl cycl ohept ene,
di met hyl cymﬂtbme;pnehhglcycllohaxadlysheycym«ymyelohmaﬂ@ﬂﬁcycI ohept ene,

Sopr openyToRy R RGN BECier, ORI ORI o BREBBRRE oo, ©

di net hyl cmétﬁimepélaﬂé@@ﬁe éi|Frhé’fﬁ$rlbyéléﬁébt@hépﬁmﬁbtﬁﬂ@yclﬁﬁéb@hécyC| ohept adi ene,
met hoxynmet hyI cycl ohept adi ene, cycl ohexy oéu ohept adi ene,
ige

i sopr opy!| tyethexyclatieptane, |rrseibpzmaﬁmytqygl Fﬁ@d c¥elehexyleydalentanei ene,

I e e
et hoxy neiethglegtloheptadiones dﬁnethyldyohh&piad}me? érpetiycyeleheptadiene,

|sopropylcycloheptatrlene |sopropenylc epta ri ene, cyclooctene,
met hyl cyclnRibe¥ycl %ﬁﬁﬁ%w%ynﬁtb@évméﬂ c@@pﬁ@xﬁl@g@ ooct ene,

met hoxycy%bagﬁgg}ngyd(gﬁéd}%%ﬂgg Mb%ﬁl&%ﬁl@&?adéﬂ&,' ohexyl cycl ooct ene,
isopropenylcycloheptadiene, cycloheptatriene, methylcycloheptatriene,
dimethylcycloheptatriene, trimethylcycloheptatriene, methoxycycloheptatriene,

20  methoxymethylcycloheptatriene, cyclohexylcycloheptatriene,
isopropylcycloheptatriene, isopropenylcycloheptatriene, cyclooctene,
methylcyclooctene, dimethylcyclooctene, trimethylcyclooctene,
methoxycyclooctene, methoxymethylcyclooctene, cyclohexylcyclooctene,
isopropylcyclooctene, isopropenylcyclooctene, cyclooctadiene,

25 methylcyclooctadiene, dimethylcyclooctadiene, trimethylcyclooctadiene,
methoxycyclooctadiene, methoxymethylcyclooctadiene,
cyclohexylcyclooctadiene, isopropylcyclooctadiene,
isopropenylcyclooctadiene, cyclooctatriene, methylcyclooctatriene,
dimethylcyclooctatriene, trimethylcyclooctatriene, methoxycyclooctatriene,

30  methoxymethylcyclooctatriene, cyclohexylcyclooctatriene,
isopropylcyclooctatriene, isopropenylcyclooctatriene, cyclooctatetraene,
methylcyclooctatetraene, dimethylcyclooctatetraene,
trimethylcyclooctatetraene, methoxycyclooctatetraene,

methoxymethylcyclooctatetraene, cyclohexylcyclooctatetraene,
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I sopropyl cycl ooct ene, isopropenyl cycl ooctene, cycl ooctadi ene,
nmet hyl cycl ooct adi ene, di net hyl cycl ooct adi ene, trinmethyl cycl ooct adi ene,

met hoxy cywhaoen @8 iptatBRhBAX YigBhlopkhyie)fle6t Rt iRiEhe, 3-ptPCT/US2006/035303
cycl ohexyl cycl ooct adi ene, isopropyl cycl ooct adi ene,

i sopr opengy@ghexans: 3diZemethaxyphery)-dtayvclohexenet dryl cycl ooctatri ene,

di met hyl c ct L: Nl h I ' a et cycl ooctatri ene,

et hoxymee R Pase SRR SR B RE bl R Ee e, [t

i sopropyl eyslbeeesril)ettgMeimehorysizery FZY&‘—bmch@téﬁy@eﬁ‘uyl]ﬁiﬁthowlahe,t raene,

met hyl cycl ooct at et raene, di net hyl cycl ooct at et r aene, ,

trinethyl t@tb@w&yﬁtoéwaeﬂep-m@itﬁﬂx%@mf&ﬂ@ﬂateaep g derpinolene.

met hoxynet hyl cycl ooct at et raene, cycl ohexyl cycl ooct at et raene,, cycl ohexene,

3- (2- et hoxyphenyl ) - 1-cycl ohexene, 3- cycl ohexenyl trinethyl sil ane,

?-20{? ohel[mr?a]t ri lrreAhﬁﬂ}aiﬁrafeerﬁd[cﬁas{Qef suitabeheyatiodlRartdsyis icyicliet hoxysi | ane,
-(3-cyc exen et I et hoxysi | ane, _tert-butylcycl ohexene,

p- ment h- 13@68?3;9%3% %ﬁ%‘?']é‘i] ,m‘éﬁ'ﬁjév'g?rﬁzxnw%h‘@ﬁer[edﬂ) ff"ema%rro pref erred

cl ass of Egﬁbtoﬂgyiﬁ’ tﬁélphﬂn%r@biey(aﬁésﬂ t0ie %GS ife ALIBRESF Qhsatlfategreaeal fornula

+2) -y whe h er of

CnH2n- (12x- _ enis e nu _ carbons in the primary bicyclic
st ructur ejn thel rinmary bioydierstwicturasand iyas dve simber phinemby@ragesr y bi cyclic

structure I st he nunmber of . nop hydr.ogen, subst . R on the
primary bFH@%ﬂP%msst BUQPG?%P"W"YF?FQ’CE‘T’ 3€§°t8 'cg'fcﬂjsc&é%ﬁﬁéz?“cn is an

i nteger fpk@nas!Qisldn inteSr Poni SHEUS X BHh Mteget/ahd W<ind2 anisidr eger and 0 'y
2n- (2x+2), and each R can i ndependently be -G 8 linear, branched,

unsat ur at gdeger ayt0iscy al20y(2x+2) -@P@ﬂqu@a,n%ﬁmﬁb’thﬁsﬁn%ali_@@ﬁror cyclic
K0 PRI, BairBS EBAIOARE, Bt e TSI Bl
and a1§ostyglicedlRoXye Gubstiweed or Unsubstiflitedaayipbes sobstitbiesl silieess i ncl ude, but
are not limted to, 3-carene, al pha-pinene, naqrbornene, .nqrbornadiene,
containing substituent. A more preferred range of values for n is 8 to 14, and
a most preferred range is 7 to 12. Examples of this class include, but are not
limited to, 3-carene, alpha-pinene, norbornene, norbornadiene,
bicyclo[2.2.2]octa-2,5,7-triene, [(bicycloheptenyl)ethyl]trimethoxysilane,

20 hexamethyldewarbenzene, bicyclo[4.3.0Jnona-3,7-diene, 1,4,5,8-
tetrahydronaphthalene, 2,3-dimethyl-1,4,5,8-tetrahydronaphthalene,
bicyclo[4.3.0]nona-3,7-diene, bicyclo[4.1.1]oct-3-ene, bicyclo[4.2.0]oct-3-ene,
bicyclo[4.2.0]octa-2,4-diene, 5-(bicyclo[2.2.1]hept-2-enyl)triethoxysilane,
bicyclo[4.2.0]octa-2,7-diene, bicyclo[4.3.0]nona-3,6-diene,5-vinyl-2-

25  norbornene and 5-ethylidene-2-norbornene.

[0034] Another preferred class of cyclic alkenes is tricyclic alkenes of
the general formula CpHzn.2x+4)yRy Where n is the number of carbons in the
primary tricyclic structure, x is the number of unsaturated sites in the primary
30 tricyclic structure, and y is the number of non hydrogen substituents, R, on the
primary tricyclic structure. In this class, n is an integer from 7 to 18, x is an
integer and x < n/2, y is an integer and 0 <y < 2n-(2x+4), each R can
independently be C4-Cysg linear, branched, unsaturated or cyclic alkyl, C1-C1g
linear, branched, unsaturated or cyclic alkoxy, substituted or unsubstituted
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bi cyclo[2.2.2]octa-2,5,7-triene, [(bicycloheptenyl)ethyl]trinethoxysilane,
hexanet hyl dewar benzene, bicycl o[ 4. 3. 0] nona-3, 7-diene, 1,4,5, 8-

t et r ahy drgoapimd3al7efiruted stichin@mathing subshitifenk 1T by p RIFEPNISkEIc B3
bi cycl o[ 4.3."0] nona- 3, 7- di ene, bicycl o[ 4.1 . 1] oct - 3-ene,

bi cycl of 4valugd deitn B Bie 1 4bany elrepat. pretarset rngeds diterl@. Examples

bi cycl of 4TS bhESE: pOT/RNd I dipRstadile fomiuRfeal octa 2 T ene

5- et hyi | deshdrnt Wm@ﬂm\or{a@ﬂ%né\mmemw%mé[ﬁcﬁ olom)]of:tasscﬂ-u c al kenes

IS trlcycllc al kenes of the general rmul a CnH2n- ( 4 where nis the
nunber 3 of t%.‘ﬁbéﬁ‘sdihﬁdfmé 4911y rgprtapt@%w and{4. 3&]9?%’9”?\‘ 3: /1%re nunber of
unsat ur at es in the primary tricyclic structure, and y is the nunber

of non hydrogen substituents, R on the primary tricyclic structure. In
this class, n is an integer from7 to 18, x is an integer and x < n/2, y is

et o, “ et A 36 B RS BB o e,

unsat ur at gfkeRbs %Ilé%bhl?e@bb@%é/ 1ncﬁ5&é§ bt HFeeﬁoﬂfmltﬁbebeﬁéthW @Ehyl pr\’SFi/IUES Tor n

is b to 14, ana a nost preferred range is I'es i ncl ude, but
are noo | isvprepy!tisopipenyl, bp%twfcﬁryhenemyw@nyl Mrﬂnstrwlﬂx&bcvalhbaxsdr 1

, 4-met h thal t anet hyl t | 7- di
140G hy o REHOR, < R0 RopHP G Phloreru BuBk BNk {err aene.
[0035] Exmhngh@ﬁo@ Itﬂnewk;n@&yt&ec mld;dyamaarﬁéd exshpresest Ryclic

ai kenes described above includ but are not limted to, nethyl, ethyl,

propyl, ] g’mhrdﬁ)methylslégpwhﬁnd lmrppenwhemhylﬂgpnmmh@nq||sopropeny|
e S e AP PR AT 00

cycl ohexl oxy Preferred exanples of R include nethyl, isopropyl, and

i sopropen Met hyl i sopropyl and i soprope are S referredfor R for
usepi npseiqqgtﬁ]ducilo gfgﬁq%dc&%p%ﬁ&enes Melu em;)entene,p ilatl'?drene

dicyclopentadiene, alpha-terpinene, gamma-terpinene, limonene, alpha-
pinene, 3-carene, terpinolene, norbornene, norbornadiene, 5-vinyl-2-
norbornene, and 5-ethylidene-2-norbornene. The most preferred cyclic

20 alkenes are dicyclopentadiene, alpha-terpinene, norbornene, norbornadiene,
5-vinyl-2-norbornene, and 5-ethylidene-2-norbornene.

[0037] Suitable phenolic antioxidants of the disclosure are described by
Formula (1) where R’ through R® can each independently be H, OH, C4-Cs

25 linear, branched, or cyclic alkyl, C4-Cs linear, branched, or cyclic alkoxy or
substituted or unsubstituted aryl. Examples of suitable R'through R® include,
but are not limited to, H, OH, methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
tert-butyl, cyclohexyl, methoxy, ethoxy, propoxy, isopropoxy, butoxy, tert-
butoxy, cyclohexloxy, phenyl or methylphenyl. Preferred examples of R’

30  through R® in Formula (I) include H, OH, methyl, ethyl, methoxy, ethoxy, and
tert-butyl. Most preferred examples of R through R® are H and methoxy.

[0038] Suitable examples of Formula (l) include, but are not limited to,
phenol, 4-methylphenol, 3-methylphenol, 2-methylphenol, 4-ethylphenol, 4-
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[ 0036] Preferred cyclic ai kenes include dipentene, phell andrene,
di cycl opent adi ene, al pha-terpi nene, ganma-terpinene, |inonene, al phapinene,

3-carene wt)ezanan7erm.qdm.rmW{é@Io| 0] @ﬁbﬁl&esecﬁbu cZAusSnasoesnene, and
5- et hyl i dene- 2- nor bor nene. The nost Llithrre cycli cﬂygﬁlgenes are

di cycl opebustpnans, ‘bctqmamydamtﬁn@én%meimmﬁ@!, 3ﬁmeﬂmwyabeenle2

onenol i o ITSOFREREL EPhoRBhPto) SLfFictoPBURARREREL 2 BIFAY R a(1) where

RL thr Ougmé?ﬁylpﬁémﬂaéhd l1@dﬂ1§‘d¢©€yﬂeﬁzbﬂe HPréerredi arfioRidanfeaf Fofi@ached, or
cyclic al C 8 linear, branched, or cyclic al koxy or substituted or

unsubs#fi t&gwl%phe@aﬁﬁn@@ywe@m @dﬁ?@%ﬂ%@mﬁylph@m@dé but are not
limted t%et%%n‘&?@?ﬂdhwgnof?%¥ h’oxygﬁ led |4Ld|t}léﬁy5ut¥|bﬁ§ﬁfgﬁ§)¥L

tert-butyl exyl poXxy; ~1'sOpropox

tﬁrt buL O’éﬁadb‘fmwl 4m|yethplm1@ymgl CBH'ﬁ)et‘lt@#d;biydrqodybeﬁrz]eme,rhwhlﬁwaopé,ers] of R1
t hr oug n Far | yde t t ho et hox
and tert- Ldbﬁ R&Pﬁﬁﬁ %ér‘?éﬂ”@@mﬁﬂy&éml %b%bﬂ@ﬁew yand met%oxy
[ 0038] Su'bbﬁ |8x enolaﬁbeﬁzﬁ %enor)wﬁ]{% t h? E)%Hhte?fyﬂpﬂ@ﬁ lymted to,

phenol , 4-net enol ;" "4-et yI phenol ,
4- Dut yopn@mpqupheaolt 4£mtt9xyphm1®bl2 %ma&ﬁbemmh)@hehpl 2476{thsrxyphenol 2-

met hoxyph noI ’l 4- tho y enpol , 2-(1:ne trﬁ ra - butyl " 6-
met hyl pheR62Y'@0P arg Q %QPW of Fornul a
(1) incl U@fh F@@@bnzénéﬁtrhél rﬁb@trmbferﬁed@ﬁwlidmﬂ@@f Foﬁ"nmét In)yér@hﬁnol

Anet hoxyphenol - met hoxyphenol ,” 2- nmet hoxy 4ghenol 4-di -tert but yI phenol ,

2, 6-di -temetbmmhemollr@VIH )rﬂf@h%ﬁ C('Mjbum- mTWlh@WtiBhHéne hydr oqui none,
2- (benzyl oxy) phenol , 3, 4, 5-trinet hoxyphenol, 3-ethoxy-4-nethyl phenol,
Abenzyl oxyphenol , 4- benzyl 2,6-di-tert-but yI phenol , 2-(2-butenyl)phenol,

Apr opaxypleosa] 4- bummobnc&t(aﬁhoﬁeiflp%bheﬁtzaﬂdnﬂhemﬁy be obtained
2,4,6-trisbenzyl oxyphenol, 2, 4- dlcycloh xyl - tﬁépphenol and

6-t er t - bufipm aTange gf ﬁ?’&ﬁ%ﬁﬂ?ﬁ'@ﬁ?eﬁ@ ah OWD%QOLBr re@bant 28QiPRANt s of
Formul a (lg),itabR IHRERFXYBR AN es can be defined by defining a low end of suitable

concentrations and a high end of suitable concentrations.

20 [0040] The low end of the suitable concentration range for the phenolic
additive may be from about 1 ppm to about 50 ppm. Suitable concentrations
for the low end concentration range include, but are not limited, to about 1
ppm, about 5 ppm, about 10 ppm, about 25 ppm and about 50 ppm.

25 [0041] The high end of the suitable concentration range is not critical
for stabilization of the compositions, but may be limited by some
considerations of the deposited film purity and solubility of the phenolic
additive in the cyclic alkene composition. A suitable concentration range for
the high end phenolic additive concentration may be from about 100 ppm to

30 about 200 ppm. Examples of suitable concentrations for the high end include
but are not limited to about 100 ppm, about 125 ppm, about 150 ppm, about
175 ppm and about 200 ppm.
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(MHQ and 2,6-di-tert-butyl -4-nethyl phenol (BHT). [0039] A suitable
concentration of phenolic additive may be obtained froma range of

concent r aWDane7/03s076 B @bkl CSAcRARHTOA raxiBs Maphan! d@dshdie/USnessakies
concentration ranges can be defined by defining a | ow end of suitable
concent r aspe@iEc antioxaaniggmpleyedfansiinespesifie deears diqtbnExamp@snf The | ow
end of th | 1c rati ' itive may be
from abousuﬁ%%%%bge@g% Lﬂ%@]@%ﬁﬁﬁdé@%ﬁ?g{ gﬁ%‘gx@ﬁ'g‘?g%”&%‘é%ﬁ gr r'\{h’e | ow end
concent r afiofNab&UEppmctottdbut 180 e, frgrh dbiont 1 exgdm towabbat00ppipm about 5
ppm about_10 ppm about 25 ppm and about 50 ppm [ 0415 The hi gh end of
the suftablteetshitablg cancasiratipnganges weuldincludedromabost ABiAAM R i on of the

Conposi 1 v . ! e
FoIPos| i EBByt 95 pBfY B abgut £l pBh BUUE PR T dbARE 10RO, L o]
cg(rjrp?fsi ti aboum%ﬁlio?abbadcfmgelbfbuhﬂO@lpm ?f\gﬁg)dtdIOOt;tmnhicheeadiéaiﬂenol :E)(z I

a It ve conce ratli on na r apou m apou

SHIL Ul | apPanseatin anoBa ol Mohde o atiut 2R &0 BREUL2ETRERE ! mited t o
about 100fﬂ%ﬁ%b§§gﬁﬁa%@r%ﬁo%6ut3?2@&%@@%@9%@@@@@ﬁmip@hput 200

ppm specnt anti enpl oye the specific process used. Exanples of
sui t abhbe eoddem ahoub25 panytssabhout! 1depim otheobsuitable soncentsiiont 200 ppm

from about 1 m t o .aboyt 150 rom abqut pm t o. abouyt m O her
Su tabl o catahpl iBCHe 152 BB 50 PRE Gty saPRrherds Hianted Bbout %00
ppm fr OmTp@HptG aldutPT® dsim et abotit am%amfté aBbab st ppih, PR kBoabsait 125

ppm and from about 10 ppmto about 1 pm Oher suitable concentration
ranges woPpth ionahhaidd 26rrpm adied fropbapeuth Sbpribda@bped 18R MPM.r om about 25 ppm
to about 175 ppm from about 25 ppmto about 125 ppm and from about 25 ppm
to about 100 ppm Oher suitable concentration ranges would include from
about 150 Ppea3jo aboThedifbiipsd cydlienalkéesitornfosition nwayipeludeld Singfen from

about 50 ppmto about 150 ppm from about 50 ) » .
phenolic additive or a mixture of two or more phenolic additives having

—r

Formula (I). The mixture of two or more phenolic additives may be present in
any relative proportion to each other.

20 [0044] The cyclic alkenes can be obtained commercially or by synthetic
techniques known to those in the art. In commercial materials chemical
manufacturers who make cyclic alkenes, will often stabilize their products with
relatively high concentrations of BHT. Since most manufacturers are not
accustomed to making high purity products, their product handling techniques

25  can be relatively poor, and air, moisture and other contaminants can possibly
enter the container before, during or after filling. These contaminants, once
closed off into the container, can cause considerable degradation to the
product if it is stored for any length of time. For semiconductor purposes, the
commercial materials must be purified to remove all byproducts, and

30 additives, usually by distillation or sublimation.

[0045] However, to maintain purity and stabilization during purification,
storage, and shipping, the cyclic alkene and compositions of the disclosure
must be handled under strictly controlled conditions. These may include:

17



ppmto about 125 ppm and from about 50 ppmto about 100 ppm [0043] The
stabilized cyclic al kene conposition nmay include a single phenolic additive

or a m Xtwoeear3semnfzeF RS thePhreankt ecafldr brivet distiiationfeprmusacssioyssodhe
m xture of two or nore phenolic additives nay be present in_any relative

propor t i ois imediatelostabilizef nea)it amterscihel predactiveseiyed fAeriasming ai ned

conmmer ci al,/ r by syn I.C ' : | I

CoMmer Ci a?'_sﬁkq@ﬂseﬁ@%%cﬁ\%gaﬁ Jrﬁ@ﬂ[ﬁr%ﬁﬁ?@g@p\/\ﬁb}? ﬁ%ﬁga@%ﬁi&% E‘%Fr? S, nWi |
of ten st abmiih Bt Jasesaslichtas mitrbfen e atgore(out hopbncamment inetti ons of BHT.
Si nce nost manufacturers are not accustoned o nmakin I gh uritﬁ product s,

L. | hi
t hgi r ﬁﬁr oflases suettas Agrhascdinxigass C@Q?P'b@oln@(@@?v\féﬂ%mgﬂﬁrc,e 8 8NH, i sture
and ot her ] Sj ; : j [
after fi1 AL AR pefte RS bl BORIE witThét Ao Y e can
cause consomeidbineridegesdaior ém and aftee fitingdusing iclosed-filing tephaititfesr  any

| ength of tinme. For sem congductor, pur pose the.commercial materials nust
be. pur {1 LBt PG VRIGIR PIRUCh b REioBSBRRE0 Kudlf TS T & Gl oy

distil | at Lot st Rl Ee! fBtal LOOGRinARIPHRE colil) 4B 8 gYIymeKzation and
stabilization during purification, storage, and shipping, the cyclic al kene
and conposatalysts afd jullieialisseicicriobconisinebetchpreveatiexprssire 4 airer| y
control l ed, conditions., These may include:is imediately stabilized once it
enters th8ﬂﬁ¥aaﬁ%?p$@%%PV§??a%erforning di stillations and handling purified
products under dry, inert atnospheres using common inert gases such as
nitrogen or argon (but not uncommon inert gases such as carbon di oxide or

carbon noi94€le), r Masyoehanyical REAUISOraARd BrSGUISOCeTRP$IEPRS IEtaee use,
urgi ng contain . | [
e ar ter SPiet Ry Rrtindlus iPare b EBRP PREkac, sNPRES AR GoREL Iy DRSP PLLOG o0

from hei ngtawpes stbel @ontainers itd rétaim prodacicdwality forthé maximuch doountofl trace
met al contam nati on that coul rization cat al

j udi ci ous tiggeilis @dvm%ﬁwpgottargé ﬁ%gtﬁg%%g FYHIRY tfl?”‘ag?s%srs Ft”?o’r 8"
filling. However, despite rigorous efforts to exclude air during the purge
process prior to filling and during the fill process, adventitious air and other
reactive gases inevitably make their way in to a container. Thus, after the

20  container is filled and just prior to sealing the container, a post-fill purge cycle
is necessary for sensitive chemicals, such as cyclic alkenes. An effective
purge cycle is designed to displace the majority of adventitious air and other
reactive gases from the container, leaving the stabilized cyclic alkene
composition primarily with inert gas in the headspace of the container and

25  dissolved in the composition.

[0047] It is advantageous to purge the container with an inert gas prior
to sealing the container for storage or shipment. The inert gases that can be
used include, but are not limited to, helium, neon, argon, krypton, xenon,

30 radon, nitrogen, carbon monoxide or carbon dioxide and mixtures thereof.
The preferred inert gases for purging containers are helium, argon, nitrogen,
carbon monoxide and carbon dioxide. The more preferred inert gases for
purging containers are helium, nitrogen, carbon monoxide and carbon dioxide.

The most preferred inert gas for purging containers is carbon dioxide.
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other inconpatible materials. [0046] Many chem cal precursors and precursor
conpositions for the sem conductor industry are typically packaged, shipped
and st or esloiznoBBa078] ess steel containers to retain prodect/usa@siosssos or the
maxi mum anount of tine. It is advant ageous o purge containers of air using
i nert gasi948li or tlbig praferaple taopkrgerthe gtahilized ¢yce aleneganapesition, excl ude

aavent ¢ GuboaeRely AeBltiE PRI Mo Prarei dd it bl b idflvels, BT oness: |
cont ai ner gadduier adfdriitioid @irc oThaicomposiiohirhhg degnagedisiowpeveny at anyseal i ng

the container, a post-fill purge cycle is necessary for sensitive
cheni cal stimg@fier dlae gguiainerds I@M§ngglﬁ?%9f‘@§tsie€®d§f€fﬁ(‘§ét°%ageic§ desi gned to

di spl ace b OFl LY It ' iMe gases fromthe
cont ai ner§ﬁ§@a€\?‘{t-ngh{eﬁ8msﬁﬁﬁy‘ﬁf@8§i cﬁcl'ﬁgaé’?ﬂ%ﬂgﬁ‘@gﬁﬁgguﬁﬁ%ﬁﬁ primarily with
i nert gastdchniqueshiecddipge bubhottlmeitesbio, purging gad thiicsigol the ¢omposition

conposition. [0047] It is ad t .t h ' i th '
gas, pri or URBOSEHPPIRHRISEAH I GTPORICR O UGB Co ST RRAEE OFHE i nert gases

that can pendiffed diduatify theheatspdtel ol thEicoRthitér udify beislumema, ar gon.

krypton, xenon, trogen, ‘carbon nonoxi de or carbon di oxi de and
m xt unes tdfilingathe HEselspacé avithdtbieipucge ggaseressaiizipg the hgadspacei ofdhe are

s ° . - g
or ef or t edbo BT yitbeaRR A Bl it TRPEsiGE B BreSse B tis s ™ o bon
monoxi de  gngl,rprRRBsSb dridcconbifiali®ts oPsRieproedssers: Mheansst prefarted)i ng

containers is carbon dioxide. [0048] It is preferable to purge the
st abi | | zethetlyed tepaldedhe appmrsiian isioipwrasiDas drrpughtlae compEsitigAckaged t o

prevent deconpos.ti | " Lt Al Th
conposi ti 8%'%%%8 %@ﬁ%@gﬁﬁg\?\lﬁé%}ﬁgghgﬁ;ﬁ?rig%;tegﬂ%@pé%tﬁgﬂc Hta Qléﬂ er ies
filleds ?Dﬁbé@ﬁfiﬁftlge iﬁtehﬁor;ﬁ@lr&dswiziatbm bbthet seede contairerfoliowing Ehe .
but ot 1 PHIGECRIa 16 Bt iR vats TP B BFR GO BBS oA 1o e | 1O "

container. It is preferable, but not necessary, to seal a container under

pressure after it is purged.

20 [0049] Purge times for each process can vary based on the desired
effect, where longer purge times are recommended to remove more
adventitious gases. Purge times can range on the order of seconds to hours
depending on the flow rates used. For example, the purge time can range
from 10 seconds to 5 minutes.

25
[0050] Techniques to purge gas through the composition using a tube
submerged in the composition can additionally include the use of a diffusive
device to aid in diffusing the purge gas into the liquid. Diffusive devices are
constructs that have more than one outlet for gas to escape from, most

30 preferably a large multitude of outlets as found in porous diffusion stones.
Diffusive devices can include tubes having a plurality of holes or porous

diffusion stones fabricated from glass, metal or plastic.
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using a tube subnerged in the conposition, purging the headspace of the
cont ai ner, evacuating the headspace of the container using vacuum and

refillingyolreotBaits Faese killBdtin thdHit@enerdly d¥sesiis id RECTS20easspace of
the container with pressurized purge gas and rel easing the pressure,
repet i ti ométhdfelivot mepnosegme Kryriaa, xastas rRAqHARd pitrogeprvbile)e@®e8s. The nost

f d th . it ' . h
Corpos! ¢ 1 ST s bCcdttbH Bt BATROF  InpRB Snd e R oSRFbNS e (s can
opt i onal | yndrrdtd ahd caion dibgidel mapbepliefinsdrmiszattive of oxibiziregal ed cont ai ner

followi ng a purge cycle to further prevent the perneation of. adventitious
air info tewevehtthelibehayiorias sychria pEmatily depengant esoditions seal a

cont al ner  HAEPLLREAASYFe A5RE! Atlrodih 1BibERsture fitd %o @Héesné.iggfs;ufreé each

process can vary based on the desire ect, ere longer e tines are
r ecommend@dedent,rthep canre eorsidenetias hrisg jwstwhePwsgd as apackaging ange on t he
order of seconds to hours depending on the flow rates used. For exanple,

t he purge98®nme can range from 10 seconds to 5 minutes. [0050] Techni ques to
purge gas through the conposition using a tube subnmerged in the conposition
can additionally include the use of a diffusive device to aid in diffusing
t he pupge [6@52]i nt o {The danopositioms of theidisclerive deay heaisedris anysuiiableat have

th .out]et f t , I
o ¢1  uge B vape debedfitublarssiabie! e T h dERRR et oei ces
can i ncl ugpoddsles ahadie éhdthidaPlador depoBibRrotessmpidyfrigus siidost ones
fabricated fromglass, netal or plastic.. with helium neon, a

[ 1 J ! rgon,
krypton, wentaining gaomwaund teidansgdm i dielesticransiaiditngExamelgs ¥6n di oxi de
are not. In , r Ln.conditi I ' ng carbon
G oxi de ey BEE PP PepREh G ToFORE ot Bifea 381800 RARHPIER. CELO0. o s
such i1s pR:Het Nos. GPe5aE8! 6 BY6I0RY, 6O186,323163541,398, 6,479,110,
6,846,515, and 6,583,048, herein incorporated by reference.

[0053] The present disclosure is also directed to a process of using a
cyclic alkene composition for forming a layer of carbon-doped silicon oxide on

20 awafer. The process comprises the steps of:

a) providing a cyclic alkene composition in a container, a silicon
containing compound in a container, a film deposition tool, a film
deposition chamber within said film deposition tool, a means for

25 connecting the containers to the film deposition chamber within said
film deposition tool, a stream of carrier gas to sweep the cyclic alkene
composition and the silicon containing compound through the
connecting means into the film deposition chamber, and a substrate
within the film deposition chamber of the film deposition tool;

30 b) introducing the vapors of the cyclic alkene composition and the silicon
containing compound into the carrier gas stream;

c) transporting the vapor of the cyclic alkene composition and silicon

containing compound into the film deposition chamber; and
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under which they are used. At roomtenperature with no other energy source
present, they can be considered as being inert when used as a packagi ng

gas. [0052D 20¥ve03saspRSdriheRseRérgyeshs &b s a o&%’onb@o?é’ﬁ@(%@?%&%éﬂm table
chem cal vapor deposition procesS which requires a cyclic al kene. Preferred
processes are tRboB e eupeEARieyapor deposition processes enploying a silicon

cuit ool e BPERIBSHR elehe GRRRY forfap Rl BBRbERG o those described i U.S
Patent Nos. 6,815,373, 6,596,627, 6,756,323, 6,541 ,398, 6,479,1 10,

6, 846, 515, and 6, 583, 048, herein i ncorporatb(;gi bé ref erence. [0053] The
present di scl osur® Pae &r wraisubstied or ungisdipded gyclicsalkgnas.adnd i ¢ al kene

conposition for fQrm A, i : = Ny | waf er .
The process compalsah S HPALKELoboSEOR SRR & lathe ol 8r
conposi tion in a coRoanular(l), wher¢indoa aotioxidami compositon isdpriesent incnt ai ner, a
filmdeposition tool, a fil.m deposition cha Wi thin said filmdeposition
tool, a means for cBYRREAEAIGN: wggﬂﬂaqm@,ag%q;p@nf apdvhesei Ri on chanber

Wi thin said film deppsidh RS daﬂcéachanlaégs@ﬁdermp LA OF1, (936, lifeirveep t he

cyclic al kene conposition and the silicon containing conpound through the
connedd i ng neans i nb@anchedf ot wdiewdwl,t(i)oﬁsdjham@ramg\ﬁd,arsudmtalhow within

the filmdeposition_ch r. gf the fil.mdeposition tool; b) introducing the
vapors of the cycli gr ?ﬁ%gﬁéte@mf‘%gﬂ}eéﬁ%yﬁhe silicon containing conpound
i nto the canfhdéreirdssid TohirfpRISition ispurged Withidt edstonvanert gak dofpriaied | ¢ al kene
conposition and silicon containing conpound into the filmdeposition

chanber; andhg@hselgetesifoanitae groumeprsistinghpih@lien.inec), REsRN.déYiRiesi t i on
compri ses: 1 ARCraon Rl Bhtddft 8n8kiad bR daid dbRites Ufibt Said! kenes. and

15 composition is introduced to a container intended for storage or shipping of

said composition.

[0054] The cyclic alkenes suitable for this disclosure are the same as
described previously (vide supra).

20
[0055] Silicon containing compounds suitable for this disclosure include
any class of silicon containing molecule such as silanes, alkylsilanes,
alkoxysilanes, alkylalkoxysilanes, carboxysilanes, alkylcarboxysilanes,
alkoxycarboxysilanes, alkylalkoxycarboxysilanes, linear siloxanes, cyclic

25  siloxanes, fluorinated silanes, fluorinated alkylsilanes, fluorinated
alkoxysilanes, fluorinated alkylalkoxysilanes, fluorinated carboxysilanes,
fluorinated alkylcarboxysilanes, fluorinated alkoxycarboxysilanes, fluorinated
alkylalkoxycarboxysilanes, fluorinated linear siloxanes, fluorinated cyclic
siloxanes, and mixtures thereof. Examples of each class described above

30 include, but are not limited to, those shown in Scheme 1.
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2) an antioxi dant conposition conprising at |east one conpound of Formul a
(1), wherein the antioxidant conposition i s present in a concentration

bet ween Iwppm7z3s7200 ppm and wherein R éﬁ;@q R5 camceamshoocnssspendent | y
be H OH, Cl1-C8 |inear, branched, or cyc a C -C 8 |linear, branched,
or cyclic al koxy subgji tuted,or u stit ed ary V\:hEH n salozth
conposition is pu(r%‘gd Mith at dlé[ st/0n¢1§b| ner'tiII O&T:T‘DPI Si ng\& ga’s se? ected
fromthe group consi $iing of heli LSi] neon, argor81 krypton xenoh, radon,

ni trogen, carbon rmﬂ)xﬂ'de or car yn=di oxi de afgd et said conpo tq»,on is

i ntroduced to a com ai i int enged f’gH sto or @kx pi n§360 saiQICH;
conposition. [005 The gyclic kenes, suita Ei e for | osur re the
sane as described Prevjo Iﬁsl y (vﬁ%@s&ag’r‘ #?éonqg%?ft\alﬁi%ﬁ
conpounds suitable fcﬂi this discl re incl ude y cI ass of silSicon

cont ai ni ng nol ecul efm;h as sil arZs» al kyl sil an S¢ al koxysi | a%s’»

al kyl al koxysi | anes,F car"poxy5| | g€ @leyI caFM s, F;CO OCF3

al koxycar boxysi | anes, aIkyIaIkoﬁycarbo§y5|Ia es, I|n r siloxanes, cyclic
si | oxanes, fluorinatdl sil CHj uor i edgcm@manﬁ&cm uor ("L‘ﬁOﬁH3
alkoxy5|lanes fluorin al kyl al koxysi | fl uori nat ed oxysi | anes,
fluorinated al kyl car box él | anes, fluorinat al koxycar boxysj nes,
fluorinated al kyl al kox Ca‘l'pbOX SI | anes, fl or'a,nat ed linear s o%an

fluorinated cyciliCQOGxarfeQ0CHy ﬁQQ@s t RIQREH:s BlaO0L of QMHEI ass
descri bed above incl @le, bw@oecsF;not ated Cmocﬂgse inoerm 1. H
OOOCH3 H3C COOCH3 H3CONCOACH3 Si S éobc mmm H3CO0C
COOCH3 H COOCF3 H3C £3 H3CO COOCF3 Silslﬂ’ s| /Sl

Z

C

F,COOC TOOCF; F,COOC <TOOCF; F,COOC <TOOCF;

CH; CH; g.,c CF; F:€C  p,C

H;C CH F.C
Y S VN Ve
1 1 1
‘H3C/ \O/I\O/ \CH3 FiC / '~ /l\ / \CF3
CH; CF;
CH CF
H_ | 3 FsC_ | 3
N Nd.
/Sl—"'o H /SI—O CF3
| Si—CH; (I) Si—CF;
H;C—Si (0] F.C—Si (o)
TN S YN S
H o—-Si F3C 0—Si
N l\
H CF;
CH; CF,
[0056] Suitable examples of silicon containing compounds of the

s disclosure are those described by Formula (ll). In Formula (1), R® through R®
can each independently be H,
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F3COOC | bOOCF3 F3COOC | bOOCF3 F3COOC | bOOCF 3 [0056] Suitabl e exanpl es of
silicon containing conpounds of the disclosure are those described by

For mul a (WO)2007a33d&er mul adyl), R6 t hrgeigh RO can each i mrdepspaensizgs be H, F,
OHLC1-Cs |inear, branched* unsi%u,Valged al kyl, G -C 8 linear, branched or

unsat urated, al koxy, substitu r unsubstituted cyclic or cyclic al koxy,
substituted or unsubstituted arpl or aryl a [I)y substituted silicon
cont ai ni ng substituent, partialfl y or fully fluorinated G -Cs |inear,
branched or unsaturated al kyl, Tially or fully fluorinated C -Cs |inear,
branched, unsaturated aIkoxy,Iﬁg lally or fully fluorinated substituted or
unsubstituted cyclic or cyclic al koxy, partially or fully fluorinated
substituted or unsubstituted aryl or aryl al koxy, partially or fully
fluorinated substituted silicon containing substituent, non-, partially or
fully fluorinated carboxylate |igands, or mxtures thereof. Exanples of R6
through R¥ OH R’D{(Ibllllﬁeéﬂ |b)fam¢lféd@ems}awramfd?alkylt 04iC4 Iinﬁiarl branblhediF,orO-|

nmet hyl , ethyl, propyl, isopr P i sopr.openyl., buytyl , et hyl phenyl ,
cycl ohéxylunsﬂfé*!'ﬁ?ﬂ(:?ufpﬁﬁe%jhﬁ' Yigd RbUpsukstiteted Cyﬁh"oﬁb?ﬁ'clag Yopoxy, but oxy,

h , |
PrT T nr oNED PO UHSHE e X P 8k ALY SaM XA SilBfcontaining |
pe_n]'E iaf I uo!sqbstupaht phetlallgf?rltfohyotugmml ed Cs@glcrmﬁr,, br‘ae;tmbéd:l oounsampate;i% I "
trifluoroi ro i fluagro e uor oQu uor obu
f I uor ophe ial &chftﬁlh)‘rﬂf'ﬂﬁnﬁt?a dqa% B‘?ﬁ' h@ﬂﬂi’ H%%@qu?ﬁglam& oheiyl
(trifluor poeﬁg'&rqemﬂﬁ A&y sLBSEIY, ortdﬁsfubgﬁtru@éa?&m?&br dykiid hwekpet hoxy,

pent af | uo tr| oro propoxy, pentafl uoropropoxy,
hept afib uorpamamlp@ryullmﬁtmnaied subsijinimdoxnyynshibptitatedianb os apﬁ @ﬂmxy

o o o RS Al LRy PR BB LR o oPnenon
(trifluor ‘b@ﬁ?el?ly|&'¢§I13ﬂﬂuélﬂ{é!§d’%bﬁﬂtﬁéﬂdt@ﬁyandh R fiydusés thetedt. rE)tehﬁ lease of
lj: Qteﬁr| 2! :og)ékyr’:ﬁrsough Rd |rr]1elggrnilﬁgl(l?)xl¥lclutd<rel gﬁtt;]r)élndc;tslllrrllt%)élytb ﬂent arre’t hyI distloxy,
yl si
methyl, ethyl, propyl, isopropyl, isopropenyl, butyl, phenyl, methylphenyl,

15 cyclohexyl, methylcyclohexyl, methoxy, ethoxy, propoxy, isopropoxy, butoxy,
phenoxy, methylphenoxy, cyclohexyloxy, methylcyclohexyloxy, trifluoromethyl,
trifluoroethyl, penatafluoroethyl, trifluoropropyl, pentafluoropropyl,
heptafluoropropyl, isopropyl, hexafluoroisopropyl, trifluoroisopropenyl,
trifluorobutyl, pentafluorobutyl, nonafluorobutyl, trifluorophenyl,

20 (trifluoromethyl)tetrafluorophenyl, undecafluorocyclohexyl,
(trifluoromethyl)decafluorocyclohexyl, trifluoromethoxy, trifluoroethoxy,
pentafluoroethoxy, trifluoropropoxy, pentafluoropropoxy, heptafluoropropoxy,
hexafluoroisopropoxy, heptafluoroisopropoxy, trifluorobutoxy,
pentafluorobutoxy, nonafluorobutoxy, pentafluorophenoxy,

25  (trifluoromethyljtetrafluorophenoxy, undecafluorocyclohexyloxy,
(trifluoromethyl)decafluorocyclohexyloxy, dimethylsiloxy (in the case of linear
siloxanes), trimethylsiloxy, trimethyldisiloxy, pentamethyldisiloxy, diethylsiloxy,
triethylsiloxy, triethyldisiloxy, pentaethyldisiloxy, dimethoxysiloxy,
trimethoxysiloxy, trimethoxydisiloxy, pentamethoxydisiloxy, diethoxysiloxy,

30 triethoxysiloxy, triethoxydisiloxy, pentaethoxydisiloxy, n>-trimethyltrisiloxy (in
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triethylsiloxy, triethyldisiloxy, pentaethyldisiloxy, dinethoxysiloxy,
tri met hoxysil oxy, trinmethoxydisiloxy, pentanethoxydisiloxy, diethoxysiloxy,

tri et hox 01200033475 | iy ahed,| ek ashefthARINAIHIb RS CT/US2006/035303
h2-trimethyltrisiloxy (in, heXamethyltrisiloxy (in the casé of cyclic

si | oxanes hexantetmdtrisdoxynén tiye case of eycliasiloxanass suckPasf erred exanpl es of R6

h h RO inclyde H _.F hyl h ., ' .
Formita. (oameiiviuchistadBals). JHra it prftbly o RS RIG o o oo
for R6 thrl-q),tlghnéiﬂyf,%etHé?y,iéThﬂ,e_@'tl?gpfwﬂtQbeﬂpﬁdr%Trﬂnglbs(ll)[_H,Oﬁhélh xanpl es of

silicon containing conpounds Suit e for this disclosure  include, but are
not |i it edhexy and subsiituiedisipkyiaramost grefeirag fer Ratwough Rrdonysein ane,

t et r amet hyl si. et L] , diethylsilane, triethylsilane,

tetraet hylsgﬂ'éﬂgﬁm{) ro%@?*'gﬁg, di propyl sil ane, tripropylsilane,
tetrapropyl silane, isopropylsilane, diisopropylsilane, triisopropylsilane,
tetrai soproggl silane, butylsilane, dibutylsilane, tributylsilane,

tetrabut yl[8098he, nEvameles EEHERY SPNENNG GPIRONPAS isHitahg,/ps ihigine,
trimethyl et a'n#au“&e,ttg]u;t;aglst&@gﬁmaﬁlﬁ,%nahst IRERE W8y silane,

met hyl met hoxysi T ane, e oxysiT'ane, hethyltri et hoxysrlane,
di et hyl ditdinethysiiahenkstrametmgisiighestthyisierid, anethylsiame dtiethwislahane,

thyl eth ' , t hyl dji et h i t hyl pr. i .
T R T e S
met hyl tri iisQRbppeNaR, |i88prabyEaaRY! t‘?’iis';o‘é%ﬁyﬁl’s_ﬁll%é,sfét?diﬁ@hprf)pyl_silane,

trimethylisopropoxysilane, teétraisopropoxysilane, nethyldiisopropoxysilane,
met hyl pherbutgsilanes dibvdylaijans, gtieulylsfanetetrabulylsilanei phenyl si | ane,

di et hyl di phenyl. si L Lringt hyl | sj ) t vl hyl | )sil :
et hyl di (FRRRY REiy st R FRf SlvaBil s R RgRyshay ) <t ane
net hyl 1Bheﬁﬂ%ﬁéﬁid>@f§i$anéméﬂéfhﬁitmmimétﬂglm@lhméyshmhdi phenoxysi | ane,

met hyl (et hyl phenoxy) si | ane, nethyl di (et hyl phenoxy) si | ane,

di net hyl dineiyldimetiexysigng, naetbyltriethoxysilane, dimethyldiethoxysilane,

trimethylmethoxysilane, tetraethoxysilane, methylethoxysilane,
methyldiethoxysilane, methylpropoxysilane, dimethyldipropoxysilane,
trimethylpropoxysilane, tetrapropoxysilane, methyltriisopropoxysilane,

20 dimethyldiisopropoxysilane, trimethylisopropoxysilane, tetraisopropoxysilane,
methyldiisopropoxysilane, methylphenylsilane, methyldiphenylsilane,
methyltriphenylsilane, dimethyldiphenylsilane, trimethylphenylsilane,
methyl(methylphenyl)silane, methyldi(methylphenyl)silane,
methyltriimethylphenyl)silane, methylphenoxysilane, methyldiphenoxysilane,

25 dimethyldiphenoxysilane, methyl(methylphenoxy)silane,
methyldi(methylphenoxy)silane, dimethyldi(methylphenoxy)silane,
methyl(cyclohexyl)silane, methyldi(cyclohexyl)silane,
methyltri(cyclohexyl)silane, dimethyldi(cyclohexyl)silane,
trimethyl(cyclohexyl)silane, methyl(methylcyclohexyl)silane,

30 methyldi(methylcyclohexyl)silane, methyltriimethylcyclohexyl)silane,
dimethyldi(methylcyclohexyl)silane, trimethyl(methylcyclohexyl)silane,
methyl(cyclohexyloxy)silane, methyldi(cyclohexyloxy)silane,
methyl(tricyclohexyloxy)silane, dimethyldi(cyclohexyloxy)silane,
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met hyl (cycl ohexyl ) sil ane, nethyl di (cycl ohexyl)sil ane,
met hyl tri (cycl ohexyl)silane, dinethyldi(cyclohexyl)silane,

trimet hyI\(vowmhwimldh@woxmlaﬁé(mawad.wéﬂh?mémhbﬁwllzemﬂL82006/035303
met hyl di (et hyl cycl ohexyl ) sii ane %/YIC cl oheXylYsi'l ane

di met hy| diMeBYEyMeayIeydsyexyexyasitane; dlm@thmkzln(mﬁé 9y@9bem@n9$)eme| ane,

me: Eg: Ef?%h@@ﬁﬁﬂ—&i{f&o@;;@&‘ tfﬁéﬁ%\sﬁbﬁgy& AR INB B3RSy silane,

di nmet hyl dltr(fnmd)mbmwtheﬁyﬂmrbmmhm)ﬁw&pﬂU@ﬂdwethaxysuaaéy| oxy) si | ane,
di met h Id| ylg cl ohexyl silicaon tetrafl uoride,

fluoro r| sl 'F\% mﬁ@@?f%l\ép%%gfan%dfrw#é@%%y%lan&ne
trifluor Ony'Hétth’yl cﬁ}b&sﬂ%@W&E}ﬁg&Wangthﬁéllyﬁpli‘Hggh%@xys' | ane,

triacet oxysrlane triace vi‘ny et oxysi | ane,
vi nyl net hyfirde‘dmﬂmlpb@lylméthyieljoxwamatwitmnéi;kiy(mlyitmf&tdngamtb’;d ) propynoat e,

I met hyl silyl lyltrifl t at
i acr R OhRtar Sy I RO Plete P oq OB S et oxysi | ane,
tri(triflyg Erﬂ%%é&é‘ﬂ)%}gélm n'i@chWrﬁ(fr\'ﬂu@?cSééété&@l)QPa?@ oxy) si | ane,

met hoxytri (trifluoroacétoxy)silane, tetra(trifluoroacetoxy)silane,
tetraaeet mqtboxﬂn(énﬂmeeagetoxy)ad@m@ﬂytra(taﬁhmropwnyy)sllam hyl acet oxysi | ane,

Bgﬁ?glmglt hﬁtpﬁ%@&gﬁﬁ gq%&ygﬂ%ce%%ysalgﬁteoﬁ( éﬁ)/'l(%[ 3|/Ieslé:étoxyé,|la|11e1 ' 1.3,3
net hyl tri paeh@dinséthareeidionysihne g Kéﬁwade@@@/tnrﬁemyﬂnbheawt PRy3i | ane,

met hacryl oxytri nmet hyl si | ane, et hyI triacetoxysila
di et hyl dirabi@nesthyk @ﬁ@toxadBtlomne;mmtr@cz@tws'larm%ethyltnacetoxys"ane

R R e,

acet oxytr dmmyldwdeamqsnanetmxwt&bkadlabetakyawmet oxysi | ane,

bhenyl o ( EIRePHBKBREEHRSIEEeD RFLH BBy sy rhalonate, ° 02C€t ) S1 T ane

pﬁgg;?‘;: Ug[s KMWHYI%WJE& %@é&ﬁé@ﬁ%f&lb@%cryloxytrlmethylsnane

phenyl (tr at:deixmybm&thplsuene iavetdwyhwthydimethylacetoxysilane,
triethyl(trifluoroacetoxy)silane, phenyltri(trifluoroacetoxy)silane,

20 phenyldi(trifluoromethyl)acetoxysilane,
(pentafluorophenyl)dimethylacetoxysilane,
phenyldimethyl(trifluoroacetoxy)silane, phenyi(trifluoroacetoxy)trimethylsilane,
(trifluorophenyl)acetoxytrimethylsilane, phenylacetoxytri(trifluoromethyl)silane
1,1,1,3,3-penta(trifluoromethyl)-3-acetoxydisiloxane,

25  (trifluoromethyl)triacetoxysilaneethyltriacetoxysilane,
(trifluoromethyl)triacetoxysilane,
(trifluoromethyl)(trifluoromethoxy)diacetoxysilane,
methacryloxytri(trifluoromethyl)silane, (trifluoroethyl)triacetoxysilane,
di(trifluoromethyl)diacetoxysilane, di-(nonafluoro-t-butoxy)diacetoxysilane,

30 dibenzyloxydi(trifluoroacetoxy)silane, acryloxytri(trifluoromethyl)silane,
acetoxytri(trifluoromethyl)silane,
acetoxy(trifluoromethyl)dimethylacetoxysilane, (trifluoromethyl)silane,
di(trifluoromethyl)silane, tri(trifluoromethyl)silane, tetra(trifluoromethyl)silane,

(trifluoroethyl)silane, di(trifluoroethyl)silane, tri(trifluoroethyl)silane,
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(trifluorophenyl)acetoxytrinethylsil ane,
phenyl acet oxytri (trifluoronmethyl)silane 1,1 , 1

. S. S- pentwORNIABeTONRYNENS; ﬂﬁ%&éﬁﬁbyﬁjl)b%@é‘%ll(trlfluoropropPCT/U52006/035303
(t rifluoronmethyQriacetoxysilaneethyltriacetoxysil ane

(trifluor Uﬁﬁﬂh@rqpmpm@t&m@mtraaﬁéluoropropyl)snane

Er;[a'[ Ih]:alclrjglr @@H}’Iﬁe 4%‘%rﬁby@%%yp?éﬁaﬂ@?&%ﬁé&%ﬁmg% thyl )triacet oxysil ane,

d' (trifl Um’(ﬁéﬁéﬂwrb@bpﬁﬁi N&nd, a@t@aﬂhexafluormsopropyl )silane,
- (nonaf | uor o-t - but oxy) di acet ox

d| benz§! of(ty"ﬂ!JQﬁqbluiyllﬁdﬂﬁﬁc@ftﬂﬂ%ré’gp'ﬁ/ﬁé'|a'?ﬁ3rtWt'%bed-iﬁer'(‘M)ﬁ‘Hrl?or onet hyl ) si | ane,

acet t

acce1t giic{ lrtét 4(1“ ffuB?étélﬁgl%bélnésﬁ ﬂléce ethgl tr'g'r%hox(ytsp???’uor onet hyl ) si | ane,

?I gt r |( I I u]glr(tnﬂerbmrpﬁﬂ]yl)d_m?ethbxyillane][ }rt@tnrflun&irhgﬂhyls)rieﬂmysilane,
etra(trifluorg Si uor ,

(1 1 bR aneky e i arereEn hRrusaTe.

tri(tr WOKHHGQMQP&W thé)@'}}sgaa%%e@ dé%t?u@f |étﬁbJ< Qne

(hexaf | uor oi'sopropy ane | uor ol propy si | ane,
tri (hexaf blt(trrflmlosmrpeﬂrm:)bl)alndawsdane dtlftaﬂmmathyi)memwstme) si | ane,

trifl [ b
(o SO Rpn B B AREY BBl R P9 e
(trifluor opm &raﬂwéﬂqpl)a@m&(wﬁad@wﬁ»f|udrdrhéﬂh§/l)pwpw§éllaﬁe) di met hoxysi | ane,

tri(trifluoromethy %met hoxysi |l ane, tetra(trifluoronethoxy)silane,
(trifl uor dittriflwprome hy@sdgpsop@n@llam rtrlftrlﬂmr@mﬁth)ﬂmr@pma#a;a?s| | ane,

i (or 11 SRrRoRERsSe MfuoRrb DR EEPBITRREY) &7 Hne, °°

(triflsor @li(mﬂmbkdméh%mssdmapox;@i|énéJ tmr(mﬂebf@nhe)tbly?tsbpwpsuygme
(trifluoronethyl)propoxysilane, (trifluoraoneth di pr.opoxysi | ane,

tri(trifl wraﬂfﬁwlfgmp@%y&llalaepe(trlfit&rwaethy )ﬂu%@mspeﬁb%&lﬁp% | ane,

((:nt Ef[ ]; : ?FLKWHEQ%J@%?MD?R&‘] %%S ghﬁ%”ﬁg,methyl)dlphenylsnane,

tri(trifl l(lkmlfluummsltl'\yl)‘smhenpls)tqme | bl udremnes(yt)digHanylsilasepr opoxy) si | ane,
(trifhuor ?rriT(?rtlfPLPQrgm I’chsy(i))l?orh(e)a Wé}fgri\é,a({]rﬁl’uoromethyl)(methylphenyl)silane,

20  (trifluoromethyl)di(methylphenyl)silane,
(trifluoromethyl)trilmethylphenyl)silane, (trifluoromethyl)phenoxysilane,
(trifluoromethyl)diphenoxysilane, di(trifluoromethyl)diphenoxysilane,
(trifluoromethyl)(methyiphenoxy)silane,
(trifluoromethyl)di(methylphenoxy)silane,

25  di(trifluoromethyl)di(methylphenoxy)silane, (trifluoromethyl)(cyclohexyl)silane,
(trifluoromethyl)di(cyclohexyl)silane, (trifluoromethyl)tri(cyclohexyl)silane,
di(trifluoromethyl)di(cyclohexyl)silane, tri(trifluoromethyl)(cyclohexyl)silane,
(trifluoromethyl)(methylcyclohexyl)silane,
(trifluoromethyl)di(methylcyclohexyl)silane,

30 (trifluoromethyltri(methylcyclohexyl)silane,
di(trifluoromethyl)di(methylcyclohexyl)silane,
tri(trifluoromethyl)(methylcyclohexyl)silane,
(trifluoromethyl)(cyclohexyloxy)silane, (trifluoromethyl)di(cyclohexyloxy)silane,

(trifluoromethyl)tri(cyclohexyloxy)silane,
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fl uor onet hyl ) phenyl sil ane, (trifluoronethyl)di phenylsil ane,
fluoronethyl)triphenylsilane, di(trifluoronethyl)di phenylsil ane,

(triflworoemibyshphaiyciohaifoxyidilahé! uor onet hyl ) (et irgirptsesuglo}ss ane,
|"udr onet hyl ) di (et hyl phengl ) si | ane,
| uor GrBgerPMatRyIjimathyicpelehgxylexy)siléne, (tri f1 uor omet hyl ) phenoxysi | ane,

t
hi
f
. ! . bk . .
1 vor SR MBIl SPfiexkpSiang.cr omet vl ) diphenoxysttane,
15 i ne e
I enox I 1 ane, S .

t | ]1: : Slor QK@ilﬂH9T%@ﬂ]‘¥66%@?§?ﬁ%¥q|‘mﬁ¥2y%€(yﬁ%Pﬁo‘i%ﬁﬁ'ﬂ%ﬁﬂ“}@h(’&fl)éllmxyI )sil ane,
é“ E't . ]E‘FLﬁﬁﬁeﬂ?k@ri}ﬂ%fc{rﬁ%@%@ﬁ@éﬁj;{jiﬁ'lé’éﬁne;fldi(triﬂuoromethoxy)silane,
E [ Ir I( ]E Ir Ll; Ir ggne?mrgf(ﬂnm%ﬁm?ihmbtly)sﬁbme,: mai_'lllwl(trifluormethoxy)siIane,

1). ci ohexyl)s . .
(E11 11 bor SIRaNS BB eRy SSReRyiiforoethoxy)siane,
(trifluor gﬁé&g@ﬁ%@&h@( sﬂﬁ'ﬁé‘,ﬁ%e:twmfiiﬂuoromethoxy)silane,

di (triflu met hyl'cycl ohexyl )’si | ane,

tri(tnofl owthytétifiyorpethenty)silanel otetixgdijtsfluenioethoxy)silane,
(L r 11 o BB Bl SRS B S AR prinuoropropoxy)siane.
(trifl uor gimétayldriflubtsprebeRsNArR sthl Bi(Bexaflidrbisepreead/iiane,

nmet nyi cycl ohexyl oxy) silane,” (trifl uoronethyl)di (nethyl cycl ohexyl oxy) si | ane,

(trif1 uor difeethyldj(hexafarnisopyenanesipnexy) si | ane,
St Cer o e ek iRyt IR AR 3G uproisonroppysiane,

di {Tﬁt lh.\glt dhgefthyltﬂer?ﬂm)bbI_nimyylysiiltaae,e:rrx]meltmw?mheriyn)bu@gn@rret hf)xy) si | ane,

met hyl (trifl uor net hoxy) si | ane, t t i :

rec i 11 pieyiipeoiep by S e el RSP O TS BB hoxy ) of | ane.

trinmet oy & | '

ety o AR ERAIRpHP g, A ik drnappherytsehen o
methyldi[(trifluoromethyl)phenyl]silane, methyltri[(trifluoromethyl)phenyl]silane,

tri
tri
ri
tri
tri
tri
tri
tri
i (
tr

(
(
t
(
(
(
(
(
d
(

methyl(pentafluorophenoxy)silane, methyldi(pentafluorophenoxy)silane,

20 dimethyldi(pentafluorophenoxy)silane, methyl[(trifluoromethyl)phenoxy]silane,
methyldi[(trifluoromethyl)phenoxy]silane,
dimethyldi[(trifluoromethyl)phenoxy]silane,
methyl(undecafluorocyclohexyl)silane,
methyldi(undecafluorocyclohexyl)silane,

25 methyltrilundecafluorocyclohexyl)silane,
dimethyldi(undecafluorocyclohexyl)silane, trimethyl(undecacyclohexyl)silane,
methyl[(trifluoromethyl)cyclohexyl]silane,
methyldi[(trifluoromethyl)cyclohexyl]silane,
methyltri[(trifluoromethyl)cyclohexyl]silane,

30  dimethyldi[(trifluoromethyl)cyclohexyllsilane,
trimethyl[(trifluoromethyl)cyclohexyl]silane,
methyl(undecafluorocyclohexyloxy)silane,
methyldi(undecafluorocyclohexyloxy)silane,

methyltrilundecafluorocyclohexyloxy)silane,
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met hyl (trifl uoropropoxy)silane, dinmethyldi(trifluoropropoxy)silane,
trimethyl (trifl uoropropoxy)silane, nethyltri (hexafl uoroi sopropoxy)sil ane,

di met hyl gwOheocai3barer oi_sopr o si | ane, PCT/US2006/035303
et by SRR GRS RSB RS o ane,

mrelt Eil d?/ g%@” QbR HB ngﬁda&w iiamet hyl (pent af | uor ophenyl ) si | ane,
nmet hyl di (pernt pﬁenylr?é;l ?2 e, nmethyltri E{Eént aphenyl ) sil ane,

di mﬁt IhyI I(f'l@:ﬂﬁldif(trifbuouﬁhle’thwl)):gd:lFbax_e;l(loxy]s‘illmtehyI (pent af | uor ophenyl ) si | ane,
et nyt o et Ry B EHERD edPrdsiane

et hyd t r dikdethylBi[@emrBiiam memﬂel@iﬁg?ﬁg?%?,(hexamethyldisnoxane,

(net hyl (pent af | uor ophenoxy) si' | ane, | di (pent af | uor ophenoxy) si | ane,
di met hy| ectepethdirisiiexaish ostadnifkioremethyltrisiloxane, trimethyltrisiloxane,

t hyl L ' -
o AR ARG giocane.
di met hyl @itfapiethylcyciotetris Pamtarhethyivyel tasil )
mlagﬁyKﬁnd I%‘g}l %rytgocl Q gz*ééfihl ane ﬁetyh I C?ipzaana;égg?rl]ior ocycl ohexyl ) si | ane,
ot hyl L RIS B PoEDReRg PRSI meIopenias oxane,

(rjria Fﬁ%/olhﬁﬁ%ﬁ%@?%&%@ﬁﬁ“%é@?’mégﬁ@l%,e{rééi%ftaﬁgKundecacycl ohexyGsi | ane,
met hyl di §¢caméthyloyolopehtas)loyae hanylinethyldiathoxysilane
ai ot hy 1 iy sty PSR abe) EriRE e ik dicrimethyisiy)acetyiene

tri met hyhdxd(irifubksthemyhaislidgante, Arexpiflbrbmeehyitrisiloxane,
met hyl (undecaf | uor ocycl ohexyl oxy) sil ane

met hyl di tristiiBeemomeahityisilaxeaey ties(yfkioremethyl)cyclotrisiloxane,
e R SSRGS b FRrtahu b FaBu8iSEE © = o
met hyl di dfd mikturesy eeddty| ) cycl ohexyl oxy] si | ane,
methyltri[(trifluoronethyl)cycl ohexyl oxy]sil ane,

[0058] Preferred examples of silicon containing compounds in Formula

(I1) include trimethylcyclotrisiloxane, triethylcyclotrisiloxane,

20 tetramethylcyclotetrasiloxane, tetraethylcyclotetrasiloxane,
pentamethylcyclopentasiloxane, pentaethylcyclopentasiloxane,
octamethylcyclotetrasiloxane, methyltriethoxysilane,
vinylmethyldimethoxysilane, vinylmethyldiethoxysilane, trimethylsilylacetylene,
bis(trimethylsilyl)acetylene, methyldimethoxysilane and methyldiethoxsilane.

25  Tetramethylcyclotetrasiloxane, methyldiethoxysilane, dimethyldimethoxysilane
and trimethylsilylacetylene are most preferred for use in the semiconductor
industry.

[0059] In a typical chemical vapor deposition process requiring at least
30 two precursors, there are several methods by which the components can be
combined. Referring to Figures 1 and 2, such a process is shown. One
precursor (e.g., a cyclic alkene) is transported from a container (1), through
chemical delivery lines (2), to a vaporizer means (3) housed in the film

deposition tool (11). The precursor can be transported from the container (1)
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into a tube or chamber without a means to enable vaporization.

20 [0061] It is important to note that, while it is desirable to have at least
one vaporizer means (3) attached to a chemical vapor process line (5), it is
also possible to connect at least one vaporizer means (3) direcily fo the
deposition chamber (4), optionally connecting one or more additional
vaporizer means (14) to a chemical vapor process line (5) or directly to the

25 deposition chamber (4). Additionally, a gas delivery line (8) may optionally be
connected directly to the deposition chamber (4). In the event that no
vaporizer means (3, 14) or gas delivery lines (8) are connected to a chemical
vapor process line (5), the chemical vapor process line becomes a feature
that is optionally attached to the deposition chamber (4).

30
[0062] Ideally, separate chemical delivery lines and vaporizer means
are used for each precursor, however it is possible for two precursors to be
vaporized using a single vaporizer means when the two precursors are

chemically compatible. When using a single vaporizer means (3) both
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optionally be connecté .dire I%%sto t he deposition chanber (4). In the

event t NAPABE] BsENS, eqond yapqyizer deeansetht) is Rekngesiedsr e
conngcted to a chem cal vapor process line (5), the chem cal vapor process
| i ne becones a feature that is optionally attached to the deposition
chanber [0083] In a process of flowing two different precursors through separate

chemical lines and vaporizer means, a suitable precursor flow rate for each
precursor can range from about 0.01 to about 10 mL/minute. The vaporizer
means (3, 14) serves as a means to convert liquid precursor to a vapor or

20  mist, and it can use various techniques, such as heat, high pressure gas, or
other means to accomplish this task. Alternatively, the vaporizer means (3,
14) may consist of a container that holds a volume of liquid, through which an
inert gas is flowed as a means to (a) convert the precursor from a liquid to a
vapor, and (b) transport the precursor vapor into the chemical vapor process

25 line (5). Regardless of the vaporizer means (3, 14) design, the conversion of
the precursor from liquid to gaseous state may take place either in the
vaporizer means (3, 14) or in the chemical vapor process line (5) The
precursor is injected in the form of a vapor or mist into the chemical vapor
process line (5) that is commonly heated between about 30 °C and about 120

30 °C to prevent the precursor vapor from condensing inside the line (5). Mixing
of the precursor components can take place in the chemical vapor process
line (5), or in different locations within the deposition chamber (4), depending
on where the vaporizer means (3, 14) are located with respect to one another.

The chemical vapor process line (5) is connected to the deposition chamber
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[0062] Ideally, separate chem cal delivery lines and vaporizer nmeans are
used for each precursor, however it is possible for two precursors to be
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line (15) to the vaporizer neans (3) without repetition. Alternatively,
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liquid to a vapor, and ) transport t recursof vapor into chem cal
vapor prdistbsite gaseq Yer tRegaurticessf aoivafiehe Desfgns may, foe@axample, rédde desi gn,
the Convc';ahresrmc);gl \%];pors from the chemical vapor process line (5) through a baffled
mixing apparatus, through a heated zone and through a showerhead before
the gases are passed to the substrate (6) in the deposition chamber (4). Due
20 to the complexity of designs that are available in the market and their
variability based on need driven by the process, the options are described

only in general terms here.

[0065] In our general example, the precursor vapors are transported
25  through the chemical vapor process line (5) to the substrate (6) in the
deposition chamber (4) by a stream of gas flowing past the vaporizer means
(3, 14). The stream of gas is supplied from a source tank (7) and flows
through a gas delivery line (8) to the chemical vapor process line (5). The
stream of gas, having a flow rate of about 5 scecm to about 10,000 sccm, is
30 often heated to enhance vaporization of the precursors to help keep the
precursors in the vapor phase. The gas used may be inert, such as nitrogen,
helium or argon, chosen simply to act as a means to transport the precursor

vapor to the substrate, or it may be a reactive gas, such as oxygen, ozone,
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i n the mhaketnaaditional vaporizer means in the case where liquid reactants are

used. An additional vaporizer means, or gas delivery line used to introduce a

reactant can be placed near the point where the gas delivery line (8) meets

the chemical vapor process line (5), upstream or downstream of the vaporizer

20 means, directly into or near the plasma (9), and/or somewhere on the sides,
top, or bottom of the film deposition chamber (4) of the film deposition tool

(11).

[0067] The precursor vapors, potential reactants, and inert or reactive

25 gases may also experience other conditions used to enhance deposition,
such as heat or plasma (9). The precursor vapor may be preheated to
between about 50 °C and about 800 °C before contact with the substrate to
enhance the deposition of the precursors on the substrate. A plasma may
also be used to add energy to the precursor vapors and enhance the

30 deposition. Additionally, the plasma may be pulsed on and off to change the
properties of the deposited film. The plasma power and pulse duration are
carefully selected to enhance the deposition of the precursors on the
substrate, and to modify the chemical identity and properties of the layer

deposited onto the substrate. The plasma may also be applied over a range
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variability based on need driven by the process, the options are descri bed
only in general ternms here. [0065] In our general exanple, the precursor
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with one or nore reactants, in addition to the transport gas, to enhance

its depasitli.on onto the substrate. .The n active gases as
nent i oni@bé@ove, Qﬁl‘eﬁﬂ%?eﬁ’gﬁj Cl?@“%%’ltéc}n 8’{1@%&@@! gﬁ?%@%r@%such as am nes,
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nodi fy em cal: i ' and properties of the |ayer deposited onto the
subst ra?gsc%e@es(é%égéﬁgﬁtdsé%gh be introduced into the fil mdeposition tool

(1 1) by various means and at various |ocations in the process, depending
e 751 ABBREEC, 1 SiFeobinl 05 T GRMRDE o RS IMGEoR, 2" henbcn s
. e B} QSahoy abar The TRAZSIa 1 Asme dhplayly winedigectan
i nt r odueeg.ahe density or elemental compositions of the films to change film
properties such as film strength, dielectric constant and various other
properties of the film. These curing steps may comprise a thermal treatment
by the application of heat through one of various heating means such as hot
20 plates, ovens, infrared lamps, or microwaves. Alternatively, the curing may
comprise a plasma treatment, or a chemical treatment of the film. These
curing steps may take place in an inert atmosphere (e.g. noble gases), a
reducing atmosphere (e.g. hydrogen, or hydrocarbon), or an oxidizing
atmosphere (e.g. oxygen, air, ozone, nitrous oxide, carbon dioxide) depending
25 on the desired chemical change in the initial film. Such processes are

described in the art and known to those skilled in the art.
EXAMPLES
30 Comparative Examples 1-7

[0070] A series of tests were devised to compare the decomposition of
pure NBDE under various conditions against NBDE which has been stabilized

with an additive. In these tests, glass ampoules were filled with approximately
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reactant can be placed near the point where the gas delivery line (8) neets
the chem cal vapor process line (5), upstream or downstream of the
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the proPE?SSWER of the deposited film The plasma power and pul se duration
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15 two masses is the amount of decomposition that resulted in the sample under
those conditions. The mass of the additive was subtracted out to give a result
that only represents the decomposition that occurred, and the final mass was
multiplied by 20 to give the amount of solid that would be found in 1 L of
sample.
20
[0072] Resulits outlined in Table 1 show that for pure NBDE, a
significant amount of decomposition was observed when it was exposed to air
for 24 hours.

Table 1 - Decomposition Tests of NBDE
Example # T (C) [Reactive Gas| Stabilizer | Residue (gﬂ
Comparative 1 80 Air None >3.00
Comparative 2 60 Air None _ >3.00
Comparative 3 80 Air 100 ppm MHQ 0.61
Comparative 4 80 Air 50 ppm MHQ 2.21
Comparative 5 80 Air 25 ppm MHQ 2.63
Comparative 6 60 Air 50 ppm MHQ 0.27
Comparative 7 60 Air 25 ppm MHQ 1.15

25 When stabilized samples were exposed to air, less decomposition was
observed in all cases compared to unstabilized samples. However, there is

still room for improvement.
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subjected to a curing step. The curing steps may al so be enployed to nodify
e.g. the density or elenental conpositions of the filns to change film
properti esoxuetn3assfil mstrength, dielectric constant amdTasRe0s®3530% her
properties of the film These curing steps may conprise a thermal treatnent
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The headspace of each contai ner was then purged three tines with roomair
over the course of 5 seconds prior to the container being sealed at anbient
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For n?st | ncRttations are preferred) and reduction of the amount of potential
residue, such as the stabilizer itself, that could be left behind (where lower
concentrations are preferred). The best balance between the two is met by
stabilizing a cyclic alkene using 25 to 50 ppm of stabilizer such as MHQ,
where the concentration is dependent on the type of stabilizer used.

20
EXAMPLES 1-4 and Comparative Examples 8-11

[0075] A second series of tests were devised to compare the
decomposition of stabilized NBDE using different purge gases in the presence

25 and absence of “adventitious air”. In these tests, glass ampoules were filled
with approximately 50 mL of NBDE stabilized with 50 ppm of MHQ, leaving
approximately 15 mL of headspace. The samples were prepared in a
nitrogen-purged glovebox to prevent exposure to adventitious gases before
the experiment. The headspace of each container was then purged for 30

30 seconds with a purge gas using a tube that extended to the bottom of the
container. The purge gas was bubbled through the sample at a rate where
bubbles constantly rose through the liquid. Some samples then received

approximately 2 mL of room air in the headspace of the container to
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determ ned by conparing the mass of the container after the experinent to
the mass of the container before the experinent. The difference between the
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e

mass was nultipli by 20 to give the anount of solid that would be found
in 1L of sanple. [0072] Results outlined in Table 1 show that for pure

NBDE, a.sioni ficapt _anoun f PR ap 4.t Jwas
exposed[‘?Wir f oP? q‘lﬁ) u“%%&k’%i%gzg%é@’lﬁ%itgﬁg\g?%tﬁjpﬁéf%%nggofggg to air,
| ess s depaRBASF Dit Poure o Sikadatecacdaieratdd desorsposiipracenditionsinéftebi | i zed

sanpl es. However, there is still roomfor i roveniegt.g_OO?S lt.is
i npor t afiie experinentwas CoRNiRtEz the YRlakiles i BREAPMPOYEWETs IRHBVER A conduct or

indus”%a‘é;@%a?%% fé}hp¥€agﬁfet,%zﬂotﬁétnioﬂ[\/cﬂé’tﬂéid%éb?]?ti‘:%it@fnt@%dtlét% heat as one

means of “vaporization, amount of time tr chem cal resides in the
vapor i zegsmetraidsbdrind.oThe exfehtesfslachmpositions ot residuerfarmations waér f or med

bove, with a 24 h heat i des; tq t limts of
e, chefeiatmngd by RempdiceHDE Bacs, SEmainta st Sl Rrebrerilettd, s ver o °
desi 1@”9%‘% ﬂ"ta%‘%e%?@é g&ﬁm‘ﬂ%‘«%@efé sk dehiftierfti Thie dif6iehce\sstwasn thé onger

periods o ., one year) during shipping and storage of the
cheni caltwpmassesds theeaniao of dehomghsitine thritrasulirs & beFmRleUnNSe hi gher

concentrations of stabilizer Rr r I on needed
is afin oifa?%ﬂfﬁtéo'l%taﬂ%%ﬁn%sﬁpﬁtﬁﬁiaﬁ@&%t\g%l FA}]@%@%@}%@# tc?ﬁgi(éc Eaénsi% I(i:tal (wher e
hi gher aRACAN Fairessstsahe decehiidsitibh thatlocaated, iaonl the finaémesswds of
potential residue, such as the stabilizer itse hat .couLd be left behind

| f,
(wher e Iroulpliesbiy @Atte siverthe ameupt eksaliddhat wedld B igungbinaht O bet ween the
tWo IS MR,

[0077] Results outlined in Table 2 show that for stabilized NBDE, more
decomposition was observed for samples exposed to “adventitious air” for 24

hours than for samples that were purged and were free of “adventitious air”.

20
Comparison of the data shows that samples purged with CO2 experienced
Table 2 - Decomposition Tests of Purged NBDE
Example # T(C) |Purge Gas | Air Exposed] Stabilizer | Residue (g/L)
Example 1 80 Nitrogen No 50 ppm MHQ 0.14 ‘
Comparative 8 80 Nitrogen Yes 50 ppm MHQ 1.94
Example 2 60 Nitrogen No 50 ppm MHQ 0.01
Comparative 9 60 Nitrogen Yes 50 ppm MHQ 0.35
Example 3 80 CcO2 No 50 ppm MHQ 0.11
Comparative 10 80 CO2 Yes 50 ppm MHQ 0.76
Exampie 4 60 CcO2 No 50 ppm MHQ 0.00
Comparative 11 60 cO2 Yes 50 ppm MHQ 0.39
approximately the same or less decomposition than those exposed to
nitrogen, whether air was present or absent. Additionally, less decomposition
was experienced at a lower temperature (i.e., 60 °C) than at a higher one (i.e.,
25 80 °C).
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stabilizing a cyclic al kene using 25 to 50 ppm of stabilizer such as MHQ
where the concentration is dependent on the type of stabilizer used.

EXAMPL Eg W2 0@mi33626 t FXaR = As e cenl/U5es0cm35305 tests
wer e def?‘é’e"d to cSh@ﬁé%t\ké%gecoan@ttﬁ%%jcgkpag't?%iIﬁtlée "RBDE usi ng
di f f er enihapringe @aRBPnEre, isienEssitogen ahdt aleseotqrirged (bely émdset i ous air”. In

th tests,. gl youl ] filled i t el 50 f NBDE
Stabi | | FeRPLKEH 18 OpI cRONRRIOs A N ABBhR Reedry e serbmipshieRdapace.
The sanpl E@ité!"éfﬁme%‘épﬁ%?ﬂné Eyaicramér%rswpﬂ&g hgbﬁtém% ditgBa Qi@nt exposure

to adventitious gases before the experinment. eadspace” of each
cont ai naitrage tolremaqwer ayydadeentitious @varddikalytth havedese dgaempebitigna t ube t hat

extended to the. bottom of the contaiLner. The. ge | ed t hrough
the sampi@d 8‘?&3"}35?&#}%?@%Hﬂm%}sa%'Bﬁ@*MQS'?%’@ﬂE”?‘%%&E@% r}%#gall’i qui d. Sone
sanpl es W Blrdifg XitheCO2 AR YiveTBh @ldded dekirableraffatt af fedutedne headspace of
t he contai ner toaDDroxl mate exposure o a ven ious air . conta ners were

seai eu alegnadation, prer uthe presenee obadysniioye @l t hen exposed to tenperatures
of 60 or 80 OC for a period of 24 hours to sinulate accel erated
deconposition conditions. After the experinment was conplete, the volatiles
I n ggch anpoul e were renoved i n EXAMPLE 5r oom t enperature, and the

non-vol atil e deconposition products remai ned behind. The extent of

deconposj.tiaon, or .residue for 0N s detern ne i ng the mass
of the ihﬁ?@ﬁnner fhe&rePH@oéxgEﬁﬁgﬁﬁ?MﬁZ&d?W@h @rgfol?mag%ﬂc{ ai ner before
the expejijrg&ivith 0O, A rhmirenea, Wik WeeBid éfhdlvveh pRissare,ifforhfze anmount of

deconposition that resulted in the sanple under those conditions. The mass

of the atainlssssterlsostaineribreughbachemienl deliverydingito a Raategnl y represents
e o3 SRRtk Ay AR PRk WPl TRRbrpa A g P! oe B 20 to
chemical vapor process line that is heated to 80 °C and transported to a
substrate using 500 sccm of carbon dioxide as a transport gas with the
system base pressure held at 6 torr. During transport to the substrate, the
precursor vapor and transport gas is mixed with a flow of
20  methyldiethoxysilane (M-DEOS) in a proportion of approximately 60% M-
DEOS and 40% NBDE. This gas mixture is exposed to a plasma power of
250 W. The substrate is heated to 150 °C with a substrate bias of —15 VDC.
A carbon doped silicon oxide film is deposited on the substrate using these
conditions.
25
EXAMPLE 6

[0080] The precursor, NBDE, stabilized with 50 ppm of MHQ and
purged with CO, is transferred, with the aid of helium pressure, from a

30  stainless steel container through a chemical delivery line to a heated
vaporizer at a flow rate of 1 mL/min. The precursor is vaporized into a
chemical vapor process line that is heated to 80 °C and transported to a
substrate using 500 sccm of carbon dioxide as a transport gas with the
system base pressure held at 6 torr. During transport to the substrate, the
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[0077] Results outlined in Table 2 show that for stabilized NBDE, nore
deconposition was observed for sanples exposed to "adventitious air" for 24

hour s t hawmofe7/a07pl eg .t hat re .pur. d r e of PCTA@GB130DUS
air". CBIRFASYIRPS af‘aéraﬂﬁf’g\'ﬁ@%@ﬁﬂ'gg&@ﬁm@g °5J{rr'\§§ W 'th co2 experi enced
appr oxi BRdiriort BEaSFHERINMelyS6%IRMCMS0shd #0% NBDE.t Mhisegasumded iso

nitrogen, whether air was present or_absent, Additionall Less.
deconposkpossd iasa plagpa peweeal 380 YV, Ehérsut’é%'@r'ﬁthﬁagaﬁq 150 éd‘“gb) t han at
a hi gher | 0 ; QRN WA Litdgogen, t hat
are not apsgxiﬂggéfe(lﬁg%_o? t1 ﬁg')s%c'rm%s]? E{bioﬁgﬁp%'tdg@ cont%)ﬁﬂeflgﬁ\ﬁ/gegigp??lfcﬁ?g air") are
| i keky ba the pabstesteausitar tigsesidriditiorisn spite of the fact that the cyclic

al kene is stabilized. Containers purged with nitrogen to renove any
adventitious air are likely to have | ess deconposition than containers that
are not purged. Finally, purgi ngexAMPLE #rogen is hel pful, but purging with
CO2 can give an added desirable effect of reduced degradation, even in the

presence of adventitious air. EXAVPLE 5 [0079] The reﬁursor, NBDE,
st abi | i @813 t h SGh@p@Xﬂﬂpmamsﬁhﬁe&PWt%E@mé 5 howeverthed, with the
aid_of heli r ; ' | Bh ek gh a chem cal
del ier S tRRESESh QoA SR T acBBRhiEh S MaNan £
pr ecur sqhei fimvig pdhiezkd atm2s <C uhder niiogendor 4 oaseksremone t hat i s heated to

80 OC and transported to bstrate using.500 seem of__carbon djipxide as a
trans poﬁUbQ@@“ﬁﬁ?St all phibedy %@9@@%@ N$4) %eaépnh T%‘F‘rtrea\jfmgpﬁg

transport .. ; 1 port gas is m xed
W eh a R e R R e Rt e T on of

approxi mately 60% MDECS and 40% NBDE. This gas mixture is exposed to a

pl asma power of 250 W The subst ' eated to 150 OC with a substrate
bi asSof -15 VDC. ERARPLE 8

[0082] This example employs the process in Example 6, however the
carbon doped silicon oxide film is treated by a post-deposition curing step.
The film is annealed at 425 °C under nitrogen for 4 hours to remove

20 substantially all of the NBDE porogen that remains in the film. This treatment

typically gives a slightly thinner film with a lower dielectric constant.

EXAMPLE 9

25  [0083] A stabilized cyclic alkene composition is prepared by adding
0.84g MHQ to 16.8 kg of NBDE. The resulting mixture agitated until it
becomes a homogeneous solution, and it is then packaged into a 5 gallon
stainless steel container used for the semiconductor industry. Prior to sealing
the container, the composition is purged by passing CO; into the container

30  through the dip tube (i.e., tube extending to the bottom of the container
through the liquid). The purge gas is bubbled through the composition, and
the purge gas and other adventitious gases to be removed are expelled out of
a vent at the top of the container at a rate of approximately 250 sccm for five

minutes. Once the container is purged, it is sealed at ambient pressure. The
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A carbon doped silicon oxide filmis deposited on the substrate using these
condi tions. EXAMPLE 6 [0080] The precursor, NBDE, stabilized with 50 ppm of

MHQ a“d W(ﬂ%"&‘;. 9:{?? ﬁy%@d’é&ﬁ%fn%?n V‘ééd“ &r@n%ké'l&g‘?{f"“@ms"mﬁmmsur €,

fromas B5EEY ner t rou emcal rvery line to a

heat ed \a:pcrdmgetoateprobéowasaiaambedi lmrbkamplesT&GS,ﬁfandJBsor is vaporized
into a chem cal vapor process line that is heated to 80 0C and transported
to a substrate using 500 seem of carbon dioxide as a transport gas with the
system base pressure held at 6 tExXAMPPR {9 transport to the substrate,

t heDr ecursor vaoor an ranspor gas isS mxe w a owo- INc - - - proporaon
ot approxi mai eiy 00% TMCTS and 40% NBDE. This_gas mixture is exposed to a
pl asma {80841 of ~ 25hepurgrd sfabiizedalkens qqm@ﬂlqrbaslggs‘@f@ﬁﬂ Ph a substrate

bi as of ited on the
substratEe)gaggé{gg% ﬁ’é%‘@é %ﬁ?ﬁ%ﬁ;ﬁé%@@l@éﬂﬁﬂggﬂﬁd@ S e%zrrpl e enpl oys the
process prassEerrrﬂThe resultingwastarial hetheepdvged doptiheriis iused toxmale Ibid m i s
treated b ost - deposi ti on curln The filmis led at 425 0C
under nik{l 0969“”9%3"& Bracedug 8% @%&lﬁrﬂmmn'? él 682 at‘?e NBDE por ogen
that;sremains in the film This treatnent typically gives a slightly thinner
filmw th a lower dielectric constant. EXAMPLE 8 [0082] This exanple

enpl oys the process in Exanpl e &XAMRE11the carbon doped silicon oxide
filmis treated by a post-deposition curing step. The filmis anneal ed at

425 0C nitr e tely "%“Pf"t n of the NBDE
porogenuﬂdﬁgél remai ns u&{eﬁ%t?ﬂﬁ%&d %ﬁeﬁ@%\é@% nen ?%Fgg eydaigl ves a slightly
t hi nner Exdmpleid is raatievercei ¢hatdhe icontaimetispurgdddaiRYECO instead of

15 CO,. The resulting material in the purged container is used to make low k

films according to the procedures described in examples 5, 6, 7 and 8.

EXAMPLE 12

20 [0086] The purged stabilized alkene composition as described in
Example 11 is made, except that the container is sealed under 5 psi of
pressure. The resulting material in the purged container is used to make low
k films according to the procedures described in examples 5, 6, 7 and 8.

25 [0087] While we have shown and described several embodiments in
accordance with our disclosure, it is to be clearly understood that the same
are susceptible to numerous changes apparent to one skilled in the art.
Therefore, we do not wish to be limited to the details shown and described but
intend to show all changes and modifications which come within the scope of

30 the appended claims.
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[0083] A stabilized cyclic al kene conposition is prepared by addi ng 0.84g
MHQ to 16.8 kg of NBDE. The resulting m xture agitated until it becones a
honogeneowe 28@la3so7en, and it is then packaged into a 5 galrhuspoosassnd ess
steel container used for the sem conductor industry. Prior to sealing the
cont ai neCLAIMS: conposition i s purged by passing CO2 into the container
through the dip tube (i.e., tube extending to the bottom of the container
through the liquid). The purge gas is bubbled through the conposition, and
the purg Wi : q%ﬁﬁ e renoved are expelled out
of a venf‘ g\aét? ﬁ@g?g%@c @ﬂ%ﬁégglﬁﬁé’%@r&a ap ﬁré;rt@ of approxi mately 250 seem
for five m nubesor @ure cyblic alaehasamd i s purged, it is sealed at anbient
pressure. Theaccorai ng TO rocedure scrjbed in examples 5, 6 , 7 and
B . EXAVPLE 18t E8BE0NS SRR e araind PHGETHIALhe compos! tion as descr i bed
in Exanple 9 is nade, except that the container is sealed under 5 psi of
pressure. The resulting material in the purged container is used to make
low k filns acchﬁing toIfhe procedures described in exanples 5, 6, 7 and
5] The/ purged stabilized al kene conposition as descri bed
gkcept that the container is purged using CO instead
of CO2. The resulting material in the purged container is used to nmake | ow
k films accfding to the)proqgdurgs deffyibed in exanples 5, 6, 7 and 8.
EXAMPLE 12 [ 0086] \Nhe pyfged stabilized “‘al kene conposition as described in
Exanpl e 11 is made) excépt that the container is sealed under 5 psi of
pressure. The resydting\material in the purged container is used to make
low k filns acch@ing toglhe procedures described in exanples 5, 6, 7 and
8. [0087] While we have shown and descri bed several enbodinents in
accordance with our disclosure, it is to be clearly understood that the
sane

wherein R through R® can each independently be H, OH, C4-Cg linear,

10  branched, or cyclic alkyl, C1-Cg linear, branched, or cyclic alkoxy or
substituted or unsubstituted aryl; and
wherein said antioxidant compound is present in an amount between about 1
ppm and 200 ppm; and
wherein said composition is purged with at least one gas selected from the

15  group consisting of: helium, neon, argon, krypton, xenon, radon, nitrogen,
carbon monoxide and carbon dioxide, after said composition is introduced to a

container intended for storage or shipping of said composition.

2. The composition of claim 1, wherein said gas is at least one gas selected
20 from the group consisting of: helium, nitrogen, carbon monoxide and carbon

dioxide.

3. The composition of claim 1, wherein said antioxidant compound is at least
one compound selected form the group consisting of: phenol, 4-methylphenol,
25 3-methylphenol, 2-methylphenol, 4-ethylphenol, 4-propylphenol, 4-iso-
propylphenol, 4-butylphenol, 4-sec-butylphenol, 4-iso-butylphenol, 4-tert-
butylphenol, 4-methoxyphenol, 3-methoxyphenol, 2-methoxyphenol, 4-
ethoxyphenol, 2-(1-methylbutyl)phenol, 2-tert-butyl-6-methylphenol, 1,2-
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are susceptible to nunerous changes apparent to one skilled in the art.
Therefore, we do not wish to be |limted to the details shown and descri bed
but _i nt got20073136095Aé) 2.&%@%@{1 hemell D ie-ait tePOsyty4. ¢hetEOMRISEAGs 083303 he
scope of the appended clains. CLAIMS: 1. A stabilized cyclic al kene

conposi K'ﬁ'dﬁ),c'bgﬂmmrﬁéyb%n@r hydioguingatie, 2-(keraylexy)phadola.4,6ast one

ant i oxi f I e t hrou 5 ca ch

ndepend et RBBRES Sieth SR ethliphe i dheha ol BhBEL uebi e or ¢ o

l'i near, dbtextbbigthherol Q+(2-batenlyRphgnol; 45rbpbxypHedd], A-butdsypaéndiued aryl;
and wherei n said antioxr\iﬂgant conmpound isegresent i'n an anount between about

1 ppi afrmeibylpgrzyiphenghet diontrishenzyloryebenelpd.4-dicyelphewldi-t h at | east one
gas sel U DRSS Giknl . | um neon, argon, Kkrypton,
xenon, ﬁ%@ﬂpﬁ%ﬁ?ﬂ; %ggne?{egg@ggm’?oﬁlbw%ﬁgﬁwﬁ'bon di oxi de, after said
conposition is introduced to a container intended for storage or shipping

of said,c osition, 2 The conposition of. claiml1l, wherein said gas is at
Teast offe QESCUbPASHER of FEHiH MBI EB AGHORH AR PRGN Ft AT ogen,

car bon Gﬁé%h%uﬁiadsélééthﬁﬁrdih%gﬂ)uﬁconsTé’tﬁlngQﬁéﬂw'onﬁéncW ghan 1, wherein
sai d antioxi dant conpound is at [east one conpound selected formthe group

condf st Rifydotert-puiyhdtmethylphemgl.phenol , 3- net hyl phenol , 2- et hyl phenol ,
4- et hyl phenol , 4-propyl phenol, 4-isopropyl phenol, 4-butyl phenol,
4-sec- butyl phenol, 4-iso-butyl phenol, 4-tertbutyl phenol, 4-nethoxyphenol,
3- met hogy pifrenedmpasitieh o xigrhen alherdin sdit@xyipkidant cordpoditioridy! but yl ) phenol ,
2-tert-butyl -6-nethyl phenol, 1,2-(BHT), 1, 3-di h%/droxybenzene, hydr oqui none,
2- (benzPresen ghan @mount between arathd PPFhihapoutstad pRiRy - 4- net hyl phenol ,
4- benzyl oxyphenol , 4-benzyl-2,6- di-tert-butyl phenol, 2-(2-butenyl)phenol,
4- pr opoxyphenol , 4-but oxyphenol , 2-

15 6. The composition of claim 1, wherein said antioxidant composition is

present in an amount between about 100 ppm to 200 ppm.

7. The composition of claim 1, wherein said cyclic alkene has the general
formula C,Han-2xyRy, wherein n is an integer from 4 to 18, x is an integer

20 wherein 1 =x=n/2,yis an integer wherein 0 <y < 2n-2x, and R is at least
one component selected from the group consisting of: C1-C1s linear,
branched, unsaturated, or cyclic alkyl, C4-C1g linear, branched, unsaturated,
or cyclic alkoxy, substituted or unsubstituted aryl, or a substituted silicon
containing substituent.

25
8. The composition of claim 1, wherein said cyclic alkene has the general
formula CnHan.c2x+2)yRy, wherein n is an integer from 5 to 18, x is an integer
wherein x < n/2, y is an integer wherein 0 <y < 2n-(2x+2), and R is at least
one component selected from the group consisting of: C4-Cys linear,

30  branched, unsaturated or cyclic alkyl, C4-C4g linear, branched, unsaturated or
cyclic alkoxy, substituted or unsubstituted aryl, or a substituted silicon

containing substituent.
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(4- met hyl benzyl ) phenol, 2,4,6-tris-benzyl oxyphenol, 2,4-dicycl ohexyl -5-
nmet hyl phenol, and 6-tert-butyl-1 ,2-di hydroxybenzene. 4 . The conposition

of cl ai M8 2047038078,. Sal At 10X ] ' CTAI$2006/085303 nd

cel ected fignameogan 5t Bl CH i, ERIRR alkeng has BT IO

2, 6- di - t@iud UMb A B Ry Yidrenois. arbintebes flroom@dei 18, oris @h infegiem 1, wherein

sai d anti oxi dant conpositjon is present in_an.anpunt ﬂstween out 1 ppmto
about 10HeRIMX $N/2, Thig arviRAarwhseH 0 81¥ar Rﬂ%ﬂ’%)eta@ﬂ 57HeaRt i oxi dant

conposi t| ' [ Uﬂrﬁg - ifggp to 200 ppm 7 .
The con%bg&oﬁr%eﬁ§§gt§&rﬁﬁe er éq}tﬁ“‘gg?ﬁggf;%???% %geglcla has the general

f or msl a b@ntdhed2unsRyratetarayclinalkyl, £h-Cntlieger, Hravehed tunsegiraied @ an i nt eger
wherein 1 < < n/2, y,i.s.an inteqger er.ein_ 0 < and Ris at

| east of¥c! %’ﬁérﬁ“b§ét'~5€q &l uf’?‘é@ﬁ&wg\é\h@r\‘)lﬁpé&HQ%EW%SS@@" Cl- C18 | i near,

br anchedynidi ﬁé%%ﬂt@uenﬂr cyclic alkyl, C1-Cl18 linear, branched,
unsaturated, of cyclic al koxy, substituted or unsubstituted aryl, or a
substituted silicon containing substituent. 8 . The conposition of claim]1,
wher ei n sai-d cycli | ke S, t Al = - ,

wher o n -1 oinkpalel RIS R il oy AR EERAENE) Y ) i

an it egempdipdaidiedted fiors tRe gfcliprehnsisting dk dipeateries phiellandreoenponent
selected fromthe group consisting of: Cl-C18 |i ?ear brapched, unsaturated

or cycl idicyslapantadiene; @phareerinens. SN tetpHeng, Inieng, 2 i c al koxy,
subst i tt}:ﬁﬁ%eor3—&5]%HQS{éréh‘1to‘f‘éhe?%¥borﬁéné‘, fotB8fiddiéRsl s3tihycan contai ni ng
substitdent.” 71 ne cbmpdsi on'o c am, were nsacy ceneas ey,

Tor mui a nurboRené2and H-gthylidersa-2-norbernenei nt eger from7 to 18, x is an

i nteger wherein x < n/2, y is an integer wherein 0 y 2n-(2x+4), and Ris
at | east one conponent selected fromthe group consisting of: CG-CG 8

linear, pf afigdedmpdaiintsrlgith OF whd@in aidldyrlic aken€lis at leasaonebr anched,
e ac:foerr(ljpgurnd selected from the group consisting of: dipentene, phellandrene,
dicyclopentadiene, alpha-terpinene, gamma-terpinene, limonene, alpha-
pinene, 3-carene, terpinolene, norbornene, norbornadiene, 5-vinyl-2-
norbornene, and 5-ethylidene-2-norbornene, and
20  wherein said antioxidant compound is at least one compound selected from
the group consisting of: 4-methoxyphenol, and 2,6-di-tert-butyl-4-

methylphenol.

12. A method for stabilizing a cyclic alkene, the method comprising adding at

25 least one antioxidant compound of formula (1),
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cyclic al koxy, substituted or unsubstituted aryl, or a substituted silicon
contai ning substituent. 10. The conposition of claim1l, wherein said cyclic

alkene |\ SHOEIRESITSAAR FEAUROUA g@%@gﬁ&&@% lASH 9E LR PCONS2EKI0BF0DT :

di pent ene,” phel’l andrene, dicyc I en ha-'t er pi-nene,
gamma- t esrphcieate orlcyoimatkgl, Gy-ChlipearchmncBed porcyslictatk@iynal ene, nor bor nene,

nor bormadi en S5-vinyl -2-. norbornene, and 5-ethylidene-2-norbonene. 11. The

conposi ﬁ@ﬁﬁtﬂfe%P&Pﬁ%Li?sf\RH@PanP@aﬁde%{ianﬁcW&%@ s at | east one conpound
sel ect edyf&riR §418 HHiBYIRIaRPBSTPOURE i9bresthPRIE BouMl BlhRdst apsut 1 _

di cycl opent adi ene, al pha-terpinene, ganmma-terpinene, |inonene, alphapinene,

3- carseneppro ée gPA@pemeanchor bor nene, nor bomadi ene, 5-vi nyl -2- norbornene, and

5-et hyl i - 2-Nor rej Lo }.OX] dis at
east o anihanCer Baft.etP o aB 3Bl AN AR RURBHRL L ool
and 2, 6-ifertigestselattyd frém thes gsdupheomisting f: eliuen hesbrf, argsn abypiioni ng a
cyclic al kene, the nethod conpri si ng, addi t | east onge anti oxi dant
conpoundX@Ton; FR4AR, Aitragen, caripen MARe ',de@m@g%fgpe 0@\?’“9?’,3 ¢ad | near,

br anchecda e Lompli@ahdbaid R ARERE 2R intRRIARYID ¢ Gshtaingl [0 at | east
one cyclic Al ene, \RhEI’EI n sai nt1 oxi dant conpound IS present in an
anount bietemeled fabstorade ppshippiRDOf saidncosmpdsitiongi ng sai d ant i oxi dant
conmpound and said cyclic alkene with at | east one inert gas selected from
the group consisting of: helium neon, argon, krypton, xenon, radon,

ni t r ogeny3 CRhE ARetABA OF cimaEl \wirereN sl gk d€ at RiaEEONE Yol sMdtedi dant
conmpound and said cyclic alkene are introduced to a container intended for

st or age Bemdhe gpouryconsistingl of dighius1, nitepgent sarbpempppkige aitd earipm 12,
wherein 3%% c9as is at | east one gas sel ected

15
14. The method of claim 12, wherein said antioxidant compound is at least
one compound selected form the group consisting of: phenol, 4-methylphenol,
3-methylphenol, 2-methylphenol, 4-ethylphenol, 4-propylphenol, 4-iso-
propylphenol, 4-butylphenol, 4-sec-butylphenol, 4-iso-butylphenol, 4-tert-

20 butylphenol, 4-methoxyphenol, 3-methoxyphenol, 2-methoxyphenol, 4-
ethoxyphenol, 2-(1-methylbutyl)phenol, 2-tert-butyl-6-methylphenol, 1,2-
dihydroxybenzene, 2 4-di-tert-butylphenol, 2,6-di-tert-butyl-4-methylphenol
(BHT), 1,3-dihydroxybenzene, hydroquinone, 2-(benzyloxy)phenol, 3,4,5-
trimethoxyphenol, 3-ethoxy-4-methylphenol, 4-benzyloxyphenol, 4-benzyl-2,6-

25  di-tert-butylphenol, 2-(2-butenyl)phenol, 4-propoxyphenol, 4-butoxyphenol, 2-
(4-methylbenzyl)phenol, 2,4,6-tris-benzyloxyphenol, 2,4-dicyclohexyl-5-
methylphenol, and 6-tert-butyl-1,2-dihydroxybenzene.

15. The method of claim 14, wherein said antioxidant compound is at least
30 one compound selected from the group consisting of: 4-methoxyphenol and
2,6-di-tert-butyl-4-methylphenol.

16. The method of claim 12, wherein said cyclic alkene has the general

formula CyHan-2x-yRy, Wherein n is an integer from 4 to 18, x is an integer
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fromthe group consisting of: helium nitrogen, carbon nonoxide and carbon
di oxi de. 14. The method of claim 12, wherein said antioxidant conpound is

at | east woeo and sel r fu B3

3 ety BREREI = B orengrpran O ookl och L 2R e AR poonals
4- pr opybpEedfiponént seRERRYFGREASIgrodp buwsmgaoblc1-@m§malout yl phenol ,

4-i so-butyl phenol, 4-tertbutyl phenol og\yphenol

2- met hohgs;mﬂﬁél unsatuat%x@fpw&liaalkyb f%qcmaelmgar @lpﬁgﬂe%qaqeraq
2-tert- pi'lﬁ'éhg 'W%B%U%d(soﬁu@sutﬂtlhﬁ b@r“&%[]Sstltuted silicon

2, 4-di eno di-tert-butyl-4-nmethyl phenol (BHT),
1,3-ﬂ|hydn@myhgsﬂbﬂﬁuehydrqu|none 2- (benzyl oxy) phenol , 3, 4, 5-

tri met hoxyphenol, 3-ethoxy-4-methyl phenol, 4-benzy|oxypheno|, 4- benzyl - 2, 6-
di-tert- butylphenol 2- (2- but enyl ) phenol , 4-propoxyphenol, 4-butoxyphenol,

2- (4-mg c)doésneaaihm@ finerif s ¥ fkeveiteroine @ererdi cycl ohexyl - 5-
met hyl phenol g{G tert-butyl- 2- Id)‘g}gﬁqoxybenzene 19'543 The met hod gf

claim 1ﬂorana|CaHnn @ﬁt)dRarWhQiQindatﬂ aw&pwﬁaoms’i 9 18.06itan e npound

sel ected fromthe f I

2, 6-di - y\@re[r d‘[ylnl 'ﬁge‘?%*ﬁ%gf‘f@‘ ﬁ’g%hb( W%rmllgﬁgr]ngyzea%\herel n said
CyC'le %h@%b@nﬁ&%ﬁ@@lmfrain mrgmUpCanlghﬁanmyC\(mm'I&arn nis an integer
from4 to 18, is an integerw erejn [ ereiny n-

Xean 'br@““hedoh'ésé"é'ﬁ?i@ﬁé?ﬂtw%‘? 2k by G redinpehdTaPEReH URAGRISRObT - 1 C 18
g?é@glgrg%y#ﬁ f a bFGnSl% thel! &%Iabl‘élsubglﬁté@sihbaﬁar branched,

unsat ur ,or oxy stltu d or unsubstituted aryl, or a
subst i t woathisingisubstitent.ai ni ng subst ituent. 17. The method of claim 12,
wherein said cyclic alkene has the general formula CnH2n-(2x+2)-yRy,
wherein n is an integer from5 to 18, x is an integer wherein x n/2, y is

an i,at egey T'ﬁl@ﬁﬁétﬁb@of ¥afm 42; Whetdih, saﬁ’d‘gydﬁc'eﬂkéﬁe h&a#ie geger@dnponent
sel édted from t group consi sting of | i near,
formula CnHan.2x+4)yRy, Where n is an integer from 7 to 18, x is an integer
wherein x £ n/2, y is an integer wherein 0 <y < 2n-(2x+4), and R is at least
one component selected from the group consisting of. C4-Cyg linear,
branched, unsaturated or cyclic alkyl, C4-C1s linear, branched, unsaturated or
20  cyclic alkoxy, substituted or unsubstituted aryl, or a substituted silicon

containing substituent.

19. The method of claim 12, wherein said cyclic alkene is at least one

compound selected from the group consisting of: dipentene, phellandrene,
25  dicyclopentadiene, alpha-terpinene, gamma-terpinene, limonene, alpha-

pinene, 3-carene, terpinolene, norbornene, norbornadiene, 5-vinyl-2-

norbornene, and 5-ethylidene-2-norbornene.

20. The method of claim 12, wherein said cyclic alkene is at least one

30 compound selected from the group consisting of: dipentene, pheliandrene,
dicyclopentadiene, alpha-terpinene, gamma-terpinene, limonene, alpha-
pinene, 3-carene, terpinolene, norbornene, norbornadiene, 5-vinyl-2-

norbornene, and 5-ethylidene-2-norbornene, and
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branched, unsaturated or cyclic alkyl, G-C 18 |inear, branched,
unsaturated or cyclic al koxy, substituted or unsubstituted aryl, or a

substi t utwa 28074388 cont ai ni ng subst .t uent Qul/uskoosloas303 12,
wher o1 AR 1y ArEoKEREREOBEUTHE SRS e PP LA TR R R vy, “wher o
nis ag) i8R of A-kdthakybheAdl, bRl o di-wWrebalyhdx n/2, y is an

i nt ege?h%ﬁg?g?%o%é&gﬂggn-(mﬂ) ,yband Ris at |east one conponent sel ected
from t meethytpingnobnsi sting of: C1-C linear, branched, unsaturated or cyclic
al kyl, CG-C 8 linear, branched, unsaturated or cyclic al koxy, substituted

or unsubstituted aryl, or a substituted silicon containing substituent. 19.

The snetdpda phethlodi dNfdmninghekgenobearionddpied siidopnaxids oata seksitatene conpound
sel ected fromthe group consisting of: dipentene, phellandrene,

di cycl dpemethiodeomprisitgiiestePide, gama-t er pi nene, 1inmonene, al phapi nene,
3-carene, tern i sRATRiRH cdntiining cémpoondonene, and
5-ethyli denggrgym'ﬁ%%r gﬁééﬁ%ﬁ@’l‘%ﬁnﬁet hod of claim 121,d wherein said cyclic
al kene argd atsubetrate; @me conmpound sel ected fromthe group consisting of:

di t , phel | di | t,adi . | - i
g:’igrerg- te g_repi pﬁé’?\‘@,‘”agnﬁ{?gggﬁre?# @g&%(’tggqqgﬁegggﬁ@gﬁggg% {)@?% %o eFlaé[?’ nor bonene,
\r/]\ﬁr ?)o_n‘e\ghg sérd\/%yb;rb-a%(er{y)é&ﬁﬁ@glﬁ@n aBmhphises:hyl i dene- 2- nor bor nene, and,

LY,
in'said antioxidant conpound is at |east one conpound sele M- - the
group consi sonegr ofaresyetic AtkRPesicdid | and 2, 6-di-tert-butyl - 4-

met hyl phenol 'tbé?%s‘f’@e gﬁh&ﬂ%ﬁﬁ%gﬁﬁ&WOﬁF&ﬁXﬁa (gf car bon-doped silicon

oxide on a s conprising the’'steps of: providing a
cyclic al kene conposition, a silicon containing conmpound, and a substrate;
and form ng thf | ayer %f t he carbon-doped silicon oxide on the substrate,

R R
R3 o—u @

R? R!
15
wherein R through R® can each independently be H, OH, C4-Cg linear,
branched, or cyclic alkyl, C4-Cs linear, branched, or cyclic alkoxy or
substituted or unsubstituted aryl, and
wherein said antioxidant compound is present in a concentration between 1
20 ppm to 200 ppm, and
wherein said cyclic alkene composition is purged with at least one selected
from the group consisting of: helium, neon, argon, krypton, xenon, radon,
nitrogen, carbon monoxide and carbon dioxide, after said cyclic alkene
composition is introduced to a first container.
25
22 The method of claim 21, further comprising the steps of:
providing said cyclic alkene composition in said first container, said

silicon containing compound in a second container, a film deposition tool, a
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mhereln_said cyclic al kene conposition conprises: one or nore cyclic
al kenes; and at | east one antioxi dant conpound of Fornmula (l): wherein Rl

t hrough RSocesr/@ach i ndependent | y..be H '
S Mo R R e AR PUmet ey,
“”SUbSIC'aPﬁrgﬁols%yéweﬂ&%aw% BIkeAk Coripdsitiordand saidgiteord i s present in a

concentration betwee to 200 ppm and wherein said,cyclic alke
conposicontaining quumpehdihraugh Sﬁdé@ﬂ“@ﬁ@“%@]@éﬁéﬂ@%rﬂ%’k@%ﬁgw consingti ng

of : helium, neo ar gon [ . s A itiogar bon [
nmonoxi d
and car"n’i‘@ﬁ“%ro‘ﬂﬂﬁ@?m%Pide?@%%ég%y%%ﬁég A Wgﬁg‘oé(%%g%@iﬁggmiog i nt roduce)c(lI tg a
fi _rsst CPBRh T sakbfilnT Bepositieadf claim2 1, further conprising the steps
of : providing said cyclic al kene copposition,i ont ai ner, said

v L1 & in_said firskt.

si |icon conteeinniesting sajsbiiistiant Sgc orfainght 19 ﬁ@ﬁd,aﬁlﬁl éqqc}%}it&) position tool
afilm %l%giéqr'wigﬂiﬁggwﬁﬁn %f}g%i%ﬁﬁ%d'i’ filmdeposition tool, and a stre n ’
carrier” 0 Sweep sala cyclic a Kene conposition and said silicon

cont ai ni ng datrpducidg Mapous bf said dyclonalkense sgmpesition andbsaidsiliconm deposi ti on
chanber, wherein sai daégrgstra e i.s dis %,withi n said filmdeposition
chanberCOHAISKGLCINPRY QSR ?Prf'SBQ,aS§§§§ ¢ting said first and second

cont ai ner s JonsakgidAgBrd epesidtdyelic aikerbeonpdsition and daid silisateposi t i on

toof , n%rcg-{?pcﬁg vapcffras_ of $ai_(¥@cycl i c al I?épne conposition andpsai d silicon
cont ai ngorgainingpeemgolind dntoasait! filay deResitRIECRAMBSM transporting said vapors
of said cyclic alkene conposition and said silicon containing conpound into
said fil mdeposition chanber. 23. The nethod of claim 21, wherein said

Yo 231708 enuis daress) ahaeridadyinanersis e 1 an 1t g
formula CyHan2xyRy, wherein n is an integer from 4 to 18, x is an integer
15 wherein 1 < x S n/2, y is an integer wherein 0 <y = 2n-2x, and R is at least -
one component selected from the group consisting of: C4-C13 linear,
branched, unsaturated, or cyclic alkyl, C1-C18 linear, branched, unsaturated,
or cyclic alkoxy, substituted or unsubstituted aryl, or a substituted silicon
containing substituent.

20
24. The method of claim 21, wherein said cyclic alkene has the general

formula CaHan-2x+2)yRy, Wherein n is an integer from 5 to 18, x is an integer
wherein x £ n/2, y is an integer wherein 0 <y =< 2n-(2x+2), and R is at least
one component selected from the group consisting of: C1-Cg linear,

25 branched, unsaturated or cyclic alkyl, C1-C+s linear, branched, unsaturated or
cyclic alkoxy, substituted or unsubstituted aryl, or a substituted silicon

containing substituent.

25. The method of claim 21, wherein said cyclic alkene has the general

30 formula CnHan (2x+4)yRy, where n is an integer from 7 to 18, xis an integer
wherein x £ n/2, y is an integer wherein 0 sy = 2n-(2x+4), and R is at least
one component selected from the group consisting of: C4-Css linear,
branched, unsaturated or cyclic alkyl, C1-Cyg linear, branched, unsaturated or
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wherein 1 x n/2, y is an integer wherein O y 2n-2x, and Ris at |east
one conponent selected fromthe group consisting of: C-C-i blinear,

br a,nche%m.mwm%%utm@dCdffdnls,abﬁkth@éd 2l oPa SRR SPOTASCIBW35303
unsfat urated, or cyclic alkoxy, subst ituted or unsubstituted aryl, or a

substi t lrontRIBINGI stlsti@tai ni ng substituent. 24. The method of claim2 1,
wherein said cyclic alkene has the general formula CnH2n-(2x+2)-yRy,
wherein n is an integer from5 to 18, x is an integer wherein x < n/2, y is

an integs. ThehitRod of claimt, Whetdih, saﬁ’d‘dydfﬁd éik@lﬁe isasibasinene onponent
selected fromthe group consisting | i near, branched, unsaturated

or cycl ieorenpaynd setected Femdhe Qr%mmﬁéﬁ'nQﬁsHtW% ‘rhiellapéieang. al koxy,

substi t t t
subst | t (URRCISKatAGRRE, sliadRnihdne mAaTiihede Bofg SO S0 NS e
gener al ginema|l Bxcaierzni€rpinolgne, Rorbarhene, morberradiene epeinyl-Bom 7 to 18, x is

an i nteger wherein nj/2.. is an i nteger wherein 0 y < 2n-(2x+4), and R
is at Ier&%rpo'iﬂ’?é‘ecaﬁééﬁ%ﬁ\y“gérl‘%éf%b?rr”@ﬁgt he group consisting of: G-CG 8

| i near, branched, unsaturated or cyclic alkyl, G -C 8 |linear, branched,
unsaturat ed or, containing substituent. 26. The nethod of claim 21, wherein
sai diocyc27. chct krwtbod @fa;tamne%\‘sMM@IW@@M@X!Q@W@Q@QOW@m atreasfr oup

o ¢ &t frneOURe Refafea R HBIARER SonSL g o IHERE, £ Rt RRRSR bor none.
nor bor na@’-hﬁélﬁylpﬁeﬁblnﬂméthyl}ﬂfé?@l nesthyiphetob 4epropyiptemel, 24-iser bor nene.  27.

The nethod of claim 2 wherei n sai d antioxi dant conpound is at |east one

conpounderegyipbeadl, ﬂob'-ﬂﬁ/&ll?@n gh duecclyirhienal 40'§°'l¥}mé|ﬁbﬁnol44ﬁ§fthyl phenol ,
?1 rgfagilla@@?'gﬁsnﬁ?)\z4@%&’@%%@%‘0?*“% k&ﬂ%@1 prﬁ%entﬁF’W [ soqﬁut yl phenol ,
4- t er4 bugthbpyserol, 2-(1-methylbutyl)phenol, 2-tert-butyl-6-methylphenol, 1,2-
dihydroxybenzene, 2,4-di-tert-butylphenol, 2,6-di-tert-butyl-4-methylphenol
(BHT), 1,3-dihydroxybenzene, hydroquinone, 2-(benzyloxy)phenol, 3,4,5-
trimethoxyphenol, 3-ethoxy-4-methylphenol, 4-benzyloxyphenol, 4-benzyl-2,6-
di-tert-butylphenol, 2-(2-butenyl)phenol, 4-propoxyphenol, 4-butoxyphenol, 2-
20  (4-methylbenzyl)phenol, 2,4,6-tris-benzyloxyphenol, 2,4-dicyclohexyl-5-
methylphenol, and 6-tert-butyl-1,2-dihydroxybenzene.

28. The method of claim 27, wherein said antioxidant compound is at least
one compound selected from the group consisting of: 4-methoxyphenol and
25  2,6-di-tert-butyl-4-methylphenol.

29. The method of claim 21, wherein said cyclic alkene is at least one
compound selected from the group consisting of: dipentene, phellandrene,
dicyclopentadiene, alpha-terpinene, gamma-terpinene, limonene, alpha-

30 pinene, 3-carene, terpinolene, norbornene, norbornadiene, 5-vinyl-2-
norbornene, and 5-ethylidene-2-norbornene, and
wherein said antioxidant compound is at least one compound selected from
the group consisting of: 4-methoxyphenol, and 2,6-di-tert-butyl-4-
methylphenol.
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4- met hoxyphenol , 3-net hoxyphenol , 2-net hoxyphenol, 4- ethoxyphenol,

2- (1- et hyl butyl ) phenol, 2-tert-butyl-6~net hyl phenol, 1, 2-

di hydr oxy\Wwenaems3072, 4- di -t ert - but yl phenol , 2, 6-di -tert - lpatryus2ebenessny| phenol
(BHT), 1, 3-di hydroxybenzene, hydroqui none, 2-(benzyl oxy)phenol, 3,4, 5-

tri met hex ypbepized Tyehd aend-ooegusitidrecmisistingoesseritialy phenol , 4- benzyl - 2, 6-
di -tert-butyl phenol, 2-(2-but enylgn%henol , 4-propoxyphenol , 4-butoxyphenol,
2- (4- met hyl GEneyMPEe exelic alkenes- s- benzyl oxyphenol , 2, 4-di cycl ohexyl - 5-
met hyl phenol - : < | < o zene. 28. The net hod of
claim 27, v\,h%trI ?% Cgqa":lI %ﬁ%%ﬁ%%cginrﬁ&c@n%mﬁ?éMt | east one conpound
selected fromthe group consisting of: 4-nethoxyphenol and

2, 6~di -tert-butyl4-4- met hyg phenol . 29. The nethod of claim2 1, wherein said
cyclic alkene iR'at | eaR™ one conpound sel ected fromthe group consisting
of : di pentene, pNhell angtene, dicycl opentadi ene, al pha-terpinene,
gammma-t er pi nene, p+pmenene, al phapi nene, 3-carene, terpinolene, norbornene,
nor bor nadi ene, nor bonmene, d 5-ethylidene-2-norbonene, and
wher ei n saRt—anKi oxi dang)—corPourH i s | east one conpound sel ected from

t he group consi st\\ng of/ 4-nmethoxyphenol, and 2,6-d i-tert-b utyl-4-

nmet hyl phenol . 30. 3 ahi | i zed cyclic ai kene conposition consisting
essentially of: dne or Yore cyclic al kenes, and at | east one anti oxi dant
conmpound of form?rl a (I),RMer ein Rl through R5 can each independently be H
OHL G -C 8 linear, branched, or cyclic alkyl, G -C 8 linear, branched, or
cyclic al koxy or substituted or unsubstituted aryl; and at |east one gas
sel ect ed . f 1 [ 5 S : pRHNOMDGdBs iehrcar bon di oxi de,
and V\he%lle?l&gg gﬁgﬁf@g% %ﬂféac?@&g%%"qfﬁgr esent in 1an8 armuflt bet ween about
1 branched, or cyclic alkyl, C1-Cs linear, branched, or cyclic alkoxy or

10 substituted or unsubstituted aryl; and
at least one gas selected from the group consisting of: carbon monoxide and
carbon dioxide, and
wherein said antioxidant compound is present in an amount between about 1
ppm and 200 ppm.

15
31. The composition of claim 30, wherein said gas is at least one gas
selected from the group consisting of: helium, nitrogen, carbon monoxide and

carbon dioxide.

20 32. The composition of claim 30, wherein said antioxidant compound is at
least one compound selected form the group consisting of: phenol, 4-
methylphenol, 3-methylphenol, 2-methylphenol, 4-ethylphenol, 4-
propylphenol, 4-iso-propyiphenol, 4-butylphenol, 4-sec-butylphenol, 4-iso-
butylphenol, 4-tert-butylphenol, 4-methoxyphenol, 3-methoxyphenol, 2-

25 methoxyphenol, 4-ethoxyphenol, 2-(1-methylbutyl)phenol, 2-tert-butyl-6-
methylphenol, 1,2-dihydroxybenzene, 2 4-di-tert-butylphenol, 2,6-di-tert-butyl-
4-methylphenol (BHT), 1,3-dihydroxybenzene, hydroquinone, 2-
(benzyloxy)phenol, 3,4,5-trimethoxyphenol, 3-ethoxy-4-methylphenol, 4-
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ppm and 200 ppm 3 1. The conposition of claim30, wherein said gas is at
| east one gas selected fromthe group consisting of: helium nitrogen,

57"one e 2ol et Trom he Rl i 5
caroon BERRTIRIRS)SatHRR 01 Sardf e omesid pprOfuctmmat

Ioxi'dant conpound | ne conpound $el ected form
t he gr opppoxyphsholng-mitoxypremnol, 2-¢-methyipenhdpbienoB-2xe6Hyisphenol |
2- et hyl phenol , 4-e | phenol,, 4- _pro henol , A4<1 S0 yd phenol ,
4- but yl bg%ﬂ?%ym%f@i%ﬂ@wi@?%ﬁy!ﬁzm?@kﬁw@r?é‘ﬁo@‘?e'ffbﬁé’m’%ut yl phenol ,
4- et hoampﬁdl}gjyengéﬁg_t hoxyphenol , 2- net hoxyphenol, 4-ethoxyphenol,

2-(1-nmet | ) phenol , 2-tert-butyl-6- nethyl phenol,
1, 2- di hydr oxybenzene, 2,4-di-tert-butyl phenol, 2,6-di-tert-butyl-

4- et hyl,ghenol ( BHT)... 1, 3-dihy, ' ] ' 2

(benzyl g’gyﬁgﬁeﬂ%n?oém,%g??%"ﬂeﬁm%@#&%ﬂ"&aﬁ%ﬂﬁ%&&%@%@ls’pﬂenol , 4-y

pr opoxy pfehe chnipdund/ sélested. froin tHe grdu tdresisting phdrakthoxyphenal,
2,4,6-trisbenzyl oxyphenol, 2,4-dicycl ohexyl -5-nethyl phenol, and

6-t er t - BoehA,6-di-tert-byivlAametieengle. 33. The conposition of claim 32,
wherein said antioxi dant conpound is at |east one conpound sel ected from
the group consisting of: 4-nmethoxyphenol, and

2, 6-10i - 131 tFHeutgrhpdsitioh of icidimrd, witsteinTsaid antipddani compesiipaisn 30, wherein

sai d anti oxi dant conposjition is,present in_an nt between about 1 ppmto
about 1GHE§PHIN 85.a W%’H&?Pﬁb{?l’fipp@? Lq ﬁS%‘WB@@r n said antioxi dant
conposition is present in an anount between about 100 ppmto 200 ppm 36.
The conposition of claim30, wherein said cyclic al kene has the general

f or mul a 36nHEhve exmpRgitionrasiciaim 30,ivhelrin said gatioxidght 2omposiHoNys | s an i nt eger

one. compbrest T anaurtuhrrdieeh S (UOBE R R APl 2" T G Thear
15
36. The composition of claim 30, wherein said cyclic alkene has the general
formula CyHan.2xyRy, Wherein n is an integer from 4 to 18, x is an integer
wherein 1 £ x £ n/2, y is an integer wherein 0 <y < 2n-2x, and R is at least
one component selected from the group consisting of: C4-Cs linear,
20 branched, unsaturated, or cyclic alkyl, C41-C+s linear, branched, unsaturated,

or cyclic alkoxy, substituted or unsubstituted aryl, or a substituted silicon

containing substituent.

37. The composition of claim 30, wherein said cyclic alkene has the general

25 formula CnHanx+2)yRy, Wherein n is an integer from 5 to 18, x is an integer
wherein X £ n/2, y is an integer wherein 0 < y < 2n-(2x+2), and R is at least
one component selected from the group consisting of: C4-Cys linear,
branched, unsaturated or cyclic alkyl, C4-C4g linear, branched, unsaturated or
cyclic alkoxy, substituted or unsubstituted aryl, or a substituted silicon

30  containing substituent.

38. The composition of claim 30, wherein said cyclic alkene has the general
formula CnHzn-ax+4)yRy, Where n is an integer from 7 to 18, x is an integer
wherein x < n/2, y is an integer wherein 0 <y < 2n-(2x+4), and R is at least
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branched, unsaturated, or cyclic alkyl, Ci-Cis linear, branched,
unsaturated, or cyclic al koxy, substituted or unsubstitut ed aryl, or a
subst i t utwa 28043808 ont n| n osiuse@x/oas308 | ai m
30, whONEIGPRAPRLHE rQB‘h er?ﬁ%at’ cBHEfeéng opqrr%ﬂgé%mz EPF§2x+2) YRy,
wher ei i g0 d ,.\%n rejdsg{@g@d 6rrc£yrasl|§an<9| B-Cx ||rsaaanbnancbgéruweéw@€t Q n/2, yis
an i nteger érein 2n- (2x+2) @%nd%‘? i s at tﬁ@ ﬁEsﬁlggncorrponent

sel ect elycﬁaaikokh,esmwed@tﬁéﬂﬂ%bﬁﬁu of 2 Fis{iflg ranched
unsaturated or cyc | kyl, C-1-C18 linear, branched, unsaturated or
cyclic @ E%JQ Ss%c? 'k"f%rﬁt ed or unsubstituted aryl, or a substituted silicon
cont ai ni ng substl tuent. 38. The conposition of cI aim 30, wherein said
cyclic al kene has the general formula CnH2n- (2x+4)-yRy,where n is an
integer from7 to 18, x is an integer wherein x n/2, y is an integer
wherein 0 y < 2n-(2x+4), and Ris at |eastone conponent selected fromthe
group consisting of: G -C 18 |line e us2006/ 035303 branched, unsaturated or
cyclic alkyl, C -G 8 linear, branched, unsaturated or cyclic al koxy,
substituted or unsubstituted aryl, or a substituted silicon containing
substi tuent.
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