WO 2007/ 033075 PCT/ US2006/ 035303 ADDI TI VES TO PREVENT DEGRADATI ON OF
CYCLI C ALKENE DERI VATI VES BACKGROUND OF THE I NVENTION 5 1. Field of
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[0002] The semiconductor industry requires numerous types of thin and
thick films to prepare semiconductor devices, many of which are based on

stlicon. The elemental composition of these films is typically some

20 combination of silicon and carbon with various combinations of oxygen,
hydrogen, and flucrine. 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
al so contain carbon (i.e., carbon doped silicon oxide) and/or pores
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PCT/ US2006e/cr?r%gges 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



cl asses of cyclic al kene conpounds of interest as porogens are
described in U S Pat. Nos. 6,846,515 and 6, 756, 323. [0007] Hi gh
vol une senvommduatsors manuf acturi ng pl aces stringent s deorosksodnsiohe
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epr esent at TR RERTRAN AR, B GRED AR, coffrioke B tem. o 1
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et sctor sl L i RS ARl e
di fferent papotizers(sdchd.3diadentt iam GBICESS 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.8. 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 difficulty in maintaining
stability. Initial work to establish reliable manufacturing processes was

hampered by the product gelling at different points in the deposition process,
3



WO 2007/ 033075 PCT/ US2006/ 035303 including the chem cal |ines, vapor
delivery lines, and within the deposition chanber. This indicated

that the s@v@%é-,yog%-,pf pure TMCTS was not sufficient, ap¢R06863s8¢Y
of additives were studied by Teff et al. in United States Pat ent

Appl i cation Publication No. 2004/0127070. It was found that
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al kene | s .reacti on can cause significant degradation of
the cycli cpoogesk@ﬂ ‘%?6%'9“'? Y- even after brief air exposure at room

tenmperagure. 20 [0011] NBDE forns highly soluble, low volatility
solid products in the presence of adventitious air, which is not
readi |y apP8ht on Norepmpadisng /MBOR s apexampla ofa N@@Edll@eeﬂfapor at ed.

This can rggsith rizer

means as the v%) Tg{]?%e glgg |ds%@%%lﬁl %u H% b&[@ﬁﬁ FE%’ surtace area

of the vapand jietenleneista whdango theringl l@ctmmholfben vhlatilesmateriabnohert s

of residuey I 0 %;o vent causi ng the

vapori zer n%%%g?%éoéd%so%?e'ﬁ\f%h%ﬁ% fiéﬁé[ﬁp 6 r}r%@’ ?4? a bubbl er

anpoul &s i s6,3¢8798}ed MBDEmd\mmdan ayetic aikens demtdresican reactauitt s coul d
process entire cont

the bubbl cPoBE 48 hF R ne B ES ot el GReqaoborFhiinet
i s especi aldiytilty matedalihwhie b‘b&hyebismb? &bt Bé eolaBRSH N bycliemted to
assist t hem\éggl%relr Z'?’E[nls?gaﬁlro%cceaiscause %?gnn'" cant 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. [f 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
vapotrizer 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 vaparization 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



a vaporizer neans becones plugged with solid, the only renedy is to
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(200 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 o[igomeré 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-teri-
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 fo 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



to 2,500 ppm, but additives can exceed this amount when the

manuf acturer wants to increase shelf life. Chem cal manufacturers
prefer to WeeBhisese to its [ow cost and avail abilitperfiQvRYyeissest he
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conpound ofxpected 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



Formula (1), wherein the antioxidant conposition is present in a
concentration between 1 ppmand 200 ppm and wherein Rl through R5
can each i neepengseisly be H, OH CLl-C5 |linear, branchedpcBus@yadssss 6
WO 2007/ 033075 PCT/ US2006/ 035303 al kyl, Cl1-C5 linear, branched, or
cyclic al koxy or substituted or wunsubstituted aryl, wherein said
conposition is purged with at |east one inper as caonprisin a gas
sel ected fromt h@kgrﬁuﬁséﬁﬁﬁﬁ, draneheds onfeli Ogbéﬁrn?'u%t'%‘?@ 0lgrypt on,

5 xenon, radon, bon nonoxi de or carbon dioxide, after

sai d conpositi on@@?ﬁ@%&d@?réd to a container intended for storage or
shi ppi ng of wdiadeioeajzbsirnpositionRis REged Yith gBleast o inerl gasmRMWIs{NE0 18]

Al kehe- composid s edasior goh iy SoR e shofliMERam, IR iy, o
on a wafer. TKeaop[@aessnittoget,icaeisort henstidpsr cdrbof Siaide rafter saidg a

cyclic al kene conposjtion.in a ntainer, a.silicon . containin
conpound i n a SOBHOEITIABAS Mirodup g%%&gr%ﬂngﬁzqt%rﬁgdcfgrﬁqrﬂqe %%B%‘?q?ﬂﬂ gh
chanber wi t hi nagpédnpddiBrieposition tool, a means for connecting the
containers to the filmdeposition chanber within said 20 film
deposition tool, a streamof carrier gas to sweep the cyclic al kene
conposition and the silicon contai niﬁg conpousnd t hrough the
connecting means into the filmdeposittion ch&nber, and a substrate
within the fil mdeposition chanber of \the Al m deposition tool; b)

i ntroduci ng the vapors of the cyclic alkemne conposition and the

silicon 25 containing conpound_gnto i er~gas,str
oy° 'y

10

[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



c) transporting the vapor of the cyclic al kene conposition and
silicon containing conpound into the filmdeposition chanber; and 7

WO 2007/ 03g@ Apo7iisalh4/S2006/ 035303 d) using one or nore peRRsHN6ARIRS
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DESCRI PTI ON OF DRAW qtsentiafieipheiveen gupran fn Prpebraé%\ﬁb%rﬁifb*ﬁ of a
filmdeposition tooly, t;b}@ﬁ R“céﬁ‘@act?ﬁnﬁbﬁém@ﬁ% Bk H @Hsct-b8f|.ﬁéa~se Wi th

t he conpositions acco to the present discl osur e,

i ndeperident vapor i zelpraneiamt; oamclmwimt-ﬁetmﬁr b@@he@,eormy@&alswys
25 [0020] Figure 2 |§ ﬁR&@aSSP&?édbgﬂuféfd fi1 mdeposition tool used

in the sem conductor Sustry for use w t%yt’ he conpositions
according to the lwimelntsaicdcmbﬂmets pnﬂr@cewdh st legkeovapertigasr neans

is used with two separ.ate recursotr DETAI LED C%el?% ON OF THE
| NVENT N [ 0021] FRERURROARSS SrRreR etk SorusE e ypes
of thin and thi clhebhl &fohOkypRIPQKENSTE Madu) ditkigeh, B&oa esondkide or

frequent | used process to repare these fil s. ch cal
depgS| t1|50¥ and t E@egao&y@owgﬁgewssa;d comp05|t¥on |g?ntroduce§% 2 contamer

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.
360 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 fo
prepare these films is chemical vapor deposition and there are numerous

8



8 WD 2007/033075 PCT/ US2006/ 035303 variations of this process. In a
typi cal chem cal vapor deposition process, a silicon containing

conmpound i sy fof/eREed into a deposition chamber cont apﬁ,@gw@d]gas%
substrate to be coated. The silicon containing conpound Is then

cheni cal |y \@irialiby$bals! progédse g @ t(pieaicdrrehiddl vpanddgesitionqgsreesgnt, or
5 subjected to application of an energy source such as radiation,

heat (t her rifliconognjainipy cpmaswad [sHRtreeyceddpte, g derp dMR%He film on
the subst racgdo%ta.digg% Fﬂ;}&#&;éfﬁmﬁ%rg%%gglt ?ﬂ@%ﬂ%&ﬁﬁoﬁﬁmﬁ@ééﬁ%ﬁbw Rl aces

stringent i on equi pnent and the purity
and st abi | ithgn ohemm:at[jner ciesidadly miltereck (neactéd with tahﬁﬂ?ﬁgﬁomﬁ@n%l@fubbrrent

Even tr unt ant es

of a de%om %gge qs apA) g#g% c():fas’]r;l‘ %ﬂ‘égﬁg{@mé%ﬁ?ﬁggrougw ﬁ'ggn{ @H%'Hlnes
and a vapor@vpy, ompand §ROVRY etd) tooddpoait spofilm omﬁm sudpstaize cl eanly
and | eave behind little or no residue during extended use. The

| onger a piece of equipnment can operate between schedul ed or 15
unschedul ed0822]nt enartdigh pelunusersootudsr, meoufatiksng placestsdiigent | i nes

or a vapor ze ans that .oule
esidue) R peaifcepSaih siisfiert eRd bl i gEbiG o
cost - ef frectthy eheistitarobiat flam tiroogh tHeadquipment. Eveshrdcetamounts oésorher

cl eani ng and nalnte ance |s of as appealing to. s ctor
manuf act ur |G TSED hhegobeiast A RehgsiieErino ok SHTEel At o

equi pnent ij§ s@ﬁﬁhf&@h%heh@z%%eg BRS & VRbtikar rﬁ@&ns’i'&@&pbt\%&i to transport
requirenents are often difficult to achieve. material s may

oxi di ze, pdinghanosige sleanlyanciagee behisd fitle Qié’@rréé'd'-‘E\ﬂé'ﬁmQ r?éFqndﬁF’munt s
of such bypid e loﬁgé( ?te}:@@?égﬁlﬁmeﬁt {:]éﬂ oﬁéra EHIseRBANES BF

appl i cations. S us In the sem con uct or industry may
requir elmdmnscbmfa@maﬂuegam@ pariddsdsucioaste vlean dubchemicshlings or a

d d d f 0024
Oel ¢ a keEaTanraRe b BBl AR Rk A Gl 8 o002
degos It tio tnh;iradtﬁcﬂlvmth@mdt isql ivedkéred it hroré DbstBaﬁea:thneAs:prsrhnd tad] dinat
I naustry at

requi d es to be tabl ized..[0025] Che
i ncl udi ng d06sth thWQth{E?P @8??}!191383 WB enauch @ %pe?ﬁ"% try
are typi caldemibbmaucest rhan FREOIHES clistainefeVEhds, Rehiinutiis, 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 {o 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 fo species that have a boiling



9 WD 2007/ 033075 PCT/ US2006/ 035303 point | ower than 300 C
Furthernore, the specific application in the sem conductor industry

may di ct atgoagfigsigonal properties that the precursor mHaghshR¥Bsssfzor

exanple, formation of interlayer dielectric (ILD) filnms restricts

precursor sel.ection t $ |y silic oxygen, . d hydrogen
e to o dBpaevePeb o3t dlimeFhote B sy tmib AR Y L Ch
Tﬂe sgl eptée(ﬂm@fquctc&dh@ﬁtryimﬁg bictaos 3daitidnamﬁrcg:mrgasﬁmt themre]?mrso:j fol | ow
this basis, sq nitrogen, ul.fur .an osphor.ous . t hat e found in
Common.  adMESELRR FOY SssmnienorTalion gl My ST St i At

l'i poi ¢ aciepusbr Sfeaion td@@e dnfy diAObx)denaegivohihdtiydeddge dueztong t he
cyclic alKenes, it is advantageous to mnimze the_boiling paint

di f f er encecomepatipdity sreeyEh the sramdingldavers iz a chipanihg SRICHoRar | s
used. For . ﬁ@% ' ' -0 i (P C. This
differ encersfi@gghgfgg to cﬁ@%@% gglg%]%ﬁ}ul%'}%{%? Lf‘%'r" gﬁﬁ Ia%éllsz Sg mtr@g@'ﬁ,

seni conducdutiur diegphosptmmousoitiat aefornd ér caremns radicaliahibiteygand

vapori zation. is chanber., [. i S rizer means are
set at thearfr%[ ?ﬁé@{"& %@Bsﬁ%?éﬁﬁé%%ﬁgﬁgggfdt%u%ﬁ%o@%%%I ete
vaporization of a liquid product while avoiding thernal
deconposition. It is alsq necessary to balance thetrmal, 20. | oadi of
t he vapori [?an]maans?'i‘ 60@8?? g‘b?tﬁéﬂ%'\éggi?‘? E@l?ﬁ&eﬁ@ﬁd’ij BadyAnigspUs o
sat ur at i ngn@iM2Eeke BbilifgRoinYliferditesrtnens tdedyalic aMenes and thea fine
bal ance to vaporize the source chenical wthout addi Pgét_?%oqucF
el RO1ISaT ght

heat. Thusstabitizardhaigs useds FerexaierieaBDER IS AL fRek W
conponent S,y .p?ﬁirs!cbffféfﬁﬁ&é fszeer%u%?é cA¥e é@gﬁéeﬁ%ﬂ)lﬂémghrﬂ a and these

tend to accunulate in the vapori means to eventually clog it.
For this rssasionnduator depdeifion 4t aporizasduesnsthaying 4 seed yaporizadioleen

t he bo}éir&bé%géyss of cyclic al kene derivatives and their

stabilizer and to reduce the concentrations of the stabilizers to
their lowest levels. It is not obvious, however, which higher

Lol B e B inG, B85k VPR R s RO 0
[0028] WWhepbsaibis iirhssrafui® esbiow Boplehoyasbrization whgp tiid @roduzandile a
small amount 'cg'Uptl;[eorm%lloggéon% Ot:(;/s(;)i'cli3 n. V\!Ite{sgaqéo gtfecetsgg Ctg%rglafn%la t.hgm:[lane
anpoul e) oAvolding p ry
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. |tis
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 vapotizer 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

10



accunul ated stabilizer is tolerable. This is because bubbl er anpoul es
have a 10 WD 2007/ 033075 PCT/ US2006/ 035303 nuch | arger chanber in

whi ch chemyg@boohgssumpori zed, and they are designed to bgcrws2006/035303
changed' dutfon a fairly regular basis with a fresh bubbl er anpoul e,

though it is advantageous to change them as infrequently as possible.
5 [0029] The corrp05|t| ons and purge nethods of the present disclosure

exhi bi t h it i f - |
oycl Lo a kanio Grdsopaoet i BhioRs PGt BVnbugse AR S atdedaned, ©
tS PSE IeI !o; gflIttgtr?%odfh@ggéwuf:@r\suawrremwa&:switt;?] agresmmgblmnmpum@
clic al kenes pr
f or mati on dhom@uteﬁyj%%vama@ousﬁph%? Egmsﬁwﬁﬁﬁossboéfcéé%ﬁﬁ? 'n the

shi ppi ng container, in chemcal delivery lines, or in valves or a
vaporizer neans. Thi s lowers_ equi pnent nmai ntenance and costs and
reduces & i nif02%je naﬁhemﬂpqsgloﬁaﬂnépuﬁﬁ%@ﬁquéﬁfThﬁwp"ﬁééﬂft(ﬂ’%?{osure

reduci ng th
honogeneous%gg %&@Q%% abnltfﬁgcﬁ Slﬁ?@hucw %{t?hou@%hgﬁrgg%ﬁp c%l?eﬁlé’s
gradual depwedtdteraliivihg greaterfiekibdity nrhansiighthese prodgaiinds i n vapor

il mee | ooatrbon bR rmoPREHCS of v Kb b P brr Bl al BV | G

al kene conpegdts ¢ pESEIliy s for&@rttal) obresiduesIhe esslwhmztalhbul eftbroduct
unsubstituted cyclic al kenes, %al%n ant i .oxi dant cHggound shown in

For mul alq | )in tignhippingraeataingy B‘X‘?"tﬁ’ﬁﬂ ElYRTy liRgs-i % IR VAINER 8 YR8 und

and is pre g&g&g 6k add
wherein Rlslt%ﬁ%%éugﬂ Ei can%ﬁlﬁ% W%ﬁggénde%ﬁp@&% H, 2%&}{16@@’[1{1%@78

linear, bramethigeryds ooyef predustiopt In egdditen TIGHH@QQ thepfosmatier of Biehey el i ¢
al koxy or SMBQE{.;E,FE\%%H%PW&%FIH?& hi d%seﬁorﬁ&% neou@h\/%bghiht%ﬁ'é?the

conposition s purge ast one inhert gas conprising a gas
sel ect ed frmndmd:tewg'rwtlpomarf@tthegraﬁuahétepcnmowm‘dmheirfgdﬁcuw\91919 h,
xenon, radon, ni tro

30 conpba LHEPITIRTE TRttty ré%é'ﬁ?ﬁ’“ﬁé?%ﬁ? gt Mand gl r ¢
shi ppi ng of degaited ePmgosi tion.

joo30] 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, C1-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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WD 2007/ 033075 PCT/ US2006/ 035303 R4 R5 R3\ / O-H (1) R2 Rl [0031] A
cyclic alkene is hereby defined as any carbocyclic conmpound having a
nonar omat i g aogiks-Pond in a nonaronatic ring. Exanpl esQ@fusnishRsnes
of cyclic alkene i1 nclude, but are not limted to cycl oal kenes,

cycl oal kadi enes, cycl oal katri enes cyclo%lkatetraenes,

aromati c-contai ning cycloolefi®, poly®clic al kenes, polycyclic

al kadi enes, pol ycyclic al katri enes ycyclic al katetraenes, and

m xtures thereof. io [0032] A prefm
singly or nultiply unsaturafed
CnH2n_2x_yRywhere n is the Rnuo
structure, x is the nunber of 7
cyclic structure, and y is the nupber—of non hydrogen substituents,
R, on the primary cyclic structurg. this class of 15 cyclic

al kenes, n is an integer from4Ro 18, Ris an integer and 1 5 x <_
n/2, yis an integer and 0:5 y:5 2n-2x, and each R can independently
be C1-Cl18 linear, branched, unsaturated, or cyclic alkyl, Cl-C18

| i near, brd0@¥Hdd, unAaydiicalkehe isdrerelycti¢finedl deoxy, carbbeptdic somgoand
unsubstituted. aryl . or a.. stituted siljcon _.containing substituent.
A more pr of BVPR ponam @i Y bhGin B nobS@Mhe i AR 8h e

pref elr red rogaasges bs::%libellkbae irEzgﬂde:ﬁ@a@l‘ ndgmhﬂtedltgwclbam}apé&, but are
not imted to, t-butylcyc|lohexene, -terpi nene, |inoneng,

o t or piovERakadienes pyRbRH o8 oy ibele B o o i A e,
cycl obut engycloBRHRY, |felyeRUAIRSRes, PolRY Ak Mvrlicusl EBI?c%clic alkatrienes,
trinethyl cycl obutene, ° éthyl cycl obut'ene, diethyl cycl obut ene,

tri et hyl cy@obisyélisradkatolsagnash aig aysiumsihersef. met hyl met hoxycycl obut ene,
cycl ohexyl cycl obut ene, isopropyl cycl obutene, isopropenyl cycl obutene,

cycl opentene, nethyl cycl opentene, dinethylcycl opentene,
tri met hyl c\@03jent end prefeset classydf Icpglisrlieares are singly or multiply

pery Usooos B3ad e EL B s RS B EoPREB e B e PR R B2

cycl opent adiverber of carbons in the primary cyclic structure, x is the number of

nes of th eneral fornula
ﬁb“‘i‘che&fi mary cyclic

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 integerfrom4 to 18, xisanintegerand 1 = xsnf2, yis
an integer and 0 £y = 2n-2x, and each R can independently be C1-Cg linear,
branched, unsaturated, or cyclic alkyl, C1-C1z 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  a most 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,
methyleyclobutene, dimethyleyclobutene, trimethylcyclobutene,
ethylcyclobutene, diethylcyclobutene, triethyleyclobutene,

25 methoxycyclobutene, methylmethoxycyclobutene, cyclohexylcyclobutene,
isopropylcyclobutene, isopropenylcyclobutene, cyclopentene,
methylcyclopentene, dimethyleyclopentene, trimethylcyclopentene,
methoxycyclopentene, methylmethoxycyclopentiene, cyclohexylcyclopentens,

12



met hyl cycl opent adi ene, di net hyl cycl opent adi ene,
trimet hyl cycl opent adi ene, net hoxycycl opent adi ene,

met hyl met heyey sehapgnt adi ene, cycl ohexyl cycl opent adi enggT/us2006/035303
i sopropyl cycl opent adi ene, 5 isopropenyl cycl opent adi ene, cycl ohexene,

met hyl cycl oilc-}%éﬁ e‘fV"%iﬁegF‘f?%! g}g{5@?@g@@%éiﬁé@%%tgp¥ﬁia8iéﬁée”e1

met hoxycycl oxyne exene, ohexyl cycl ohexene,

i s?ﬁr f)pyl fym&ihﬂémentacﬁ@ﬁ, ﬁﬂm}aa&iybydbpmﬁgéiaee, tnetyheyciatienteliene,
met hyl cycl ohexadi en i pet hyl cycl ohex n .

[T et byt oy dTanehEienete B R R e TR Ay FaRertapsne
im:gB?é%gﬁ:S?P%ﬁ@gﬁg@gbﬁ?gie?gggg@gbgf% 22)@giezdjéen§, cl ohept ene
met hyl cyél oh@ﬁf‘%ﬁ%‘)"%&ﬁ%%ﬁgéﬁ@i gee, m‘?ti%maﬁ‘%%%ie@hept ene,
met hoxycycl ghgéhee Ioi’i@!eh@ﬁﬁﬁ?éth?’lb)?di&i&@ﬁ@} PBfoxycyclohexene,

cycl ohexyl cycl ohept ene, i sopropy cgjl ohept ene, )

i sopr openy| syEdhoysmtarieclairxebacpucalicsneyclasXesehisPRipeY hieliphexinene,

di met hyl cyc ' | ' :
nethoxicyﬁiEﬁ@%ﬁ%ﬁ?%ﬁ@?h%%iﬁ%%?%éﬁ%%#%%%ﬁﬁﬁ@b@%@iﬁﬁ%?we“%
cycl ohexyl cyohathgpyciohaxadienes tjpnetpylcysiat Enedimethixycyclohexadiene,
i soprope%yl g | ohg %&ﬁﬂl en C grlloﬁgsp?qt i eineifmﬁet hyl ceycl ohept atri ene,
di ot hy Ly c [TV R RGPl Ry PR NER R P!
met IhO>r<]ycyf:I iﬁ@i@ﬂi@ldyb?h_@xaca@nérﬁéé‘mbyéiﬂi}idwlo?mﬁmibﬁ@,t@/ﬁ:id[’iep%ne,
cycl ohexyl cycl ohe riene,.  isopr cycl oheptatri ene,
i sopr ope%yl éﬁ@ﬂ?b&ﬁﬁ Fﬁr@mgfm%@%ﬁﬁﬁggﬁﬁéﬂe- tﬂ@%&?'%ﬁ@ﬂ@@tﬁ“@ne,
di met hyl cychged:gRfslohddtaRé, s BrsIASEYRYSoheBRE YR PIEFdSdbtene,
e Sho <y Boob A eSone ey ARG ebhesedeene, 25
i sopropyl cyHogERYEYE! 0 e, ne,
nmet hyl cycl o | | : | ; :
% @%@%faﬁa i:ﬂ'il gﬁg‘%dﬁ{r{%t |rﬁ¥ﬁ1¥§2§l&ﬁé¥5t§§1‘i§gﬁ,€t’nmethylcycloheptadiene,

trimethylcy 0X ooct a
y

met hoxy et hylatyeiyopdoikafitadiene, regthiosiiariiyteyclobeptadidinene,

I sopropyl cygl ' i r I L.ene, cycl ooctatriene,
ot Pyl oycl oXTaiPR Ry ERReprRRTR, REBRAEYFLRERERERET Y

tri met hyl cy soppenticyelokeptatichexyyyateptattiaa, emethyld@cloheptatriene,
T A e RSN BNRLO9E FdhS0Rycicneptarion,
cycl ooctat ehicigh§metiRéytId HpEA AR, Byelohageycloheptatriene,

di met hyl cycl ooct at et raene, = trimethyl cycl ooct at etraene,
met hoxycycl @@gfq}y@ypiggﬁ@’gainene, isopropenylcycloheptatriene, cyclooctene,

methylcyclooctene, dimethylcyclooctene, trimethylcycloociene,
methoxycyclooctene, methoxymethylcyclooctene, cyclohexylcyclooctene,
isopropylcyclooctene, isopropenylcyclooctene, cyclooctadiene,

25  methyleyclooctadiene, dimethylcyclooctadiene, trimethylcyclooctadiene,
methoxycyclooctadiene, methoxymethylcyclooctadiene,
cyclohexylcyclooctadiene, isopropyleyclooctadiene,
isopropenyleyclooctadiene, cyclooctatriene, methylcyclooctatriene,
dimethylcyclooctairiene, trimethylcyclooctatriene, methoxycyclooctatriene,

30  methoxymethyicyclooctatriene, cyclohexyleyclooctatriene,
isopropylcyclooctatriene, isopropenylcyclooctatriene, cyclooctatefraene,
methylcyclooctatetraene, dimethylcyclooctatetraene,
trimethylcyclooctatetraene, methoxycyclooctatetraene,

methoxymethylcyclooctatetraene, cyclohexyleyclooctatetraene,
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met hoxynet hyl cycl ooct at et raene, cycl ohexyl cycl ooct at etraene, 13 WO
2007/ 033075 PCT/ US2006/ 035303 i sopropyl cycl ooct at et r aene,

|sopropeny{,‘,@)y2%7gggf§7§t etraene, 3-phenyl-1- cyclohexene, pepy 52906/033303
3- (2- met hoxyphenyl) - 1- cycl ohexene, 3- cyclohexenyltrlneth I'ane,
3- cycl ohexpaptdpy B@t&&@tiéeﬁéelsoglir%péﬁyicyc]ooctatetraene 3-phenyl- 1-

cycl ohexenyl ) thy trimet hoxysil
[ 2- (3-cycl WP%@W’]@W’@PH%&WB105?1'8“8’@‘1‘3@?’t but yl cycl ohexene,

p- ment h- 1- gm@he%ﬁblsw gu@@an@@dcfcﬁfh@k&wt@ﬂ?emoiy@m [AQ®t her

preferred ass o clic kenes 1s bicyclic al kenes of

t he generabyﬁlmmhai)@h}‘ml’ﬂmzﬁ\%ysIWWB&&@WQ@X@M)QHWH@* ofysilang bons
in the pri t ur at ed
sites |g |{rfg?{-%tét9fﬁw%ér”&n%i’ @yc‘%#@:—qé rd(??‘ﬁ?%% %ﬂr'l%%altgifwwgé%nber of
non hydrogen substituents, R on the primary bi cycllc structure. In

this class ycI| kene er fr X is an
| nt eger an@?gi n/2 %%r p({ﬁfserreﬁt r}gHgal%ggygh%aqg%p §P t;“Cand each
R can i ndeamaﬁ@@bimlg%ngﬁai ferfhulld Oﬂa{n,@xgymm@% n@ﬁ@twramcbfor cyclic
al kyl, C1-Cl18 linear, branched, unsaturated or &%Cl iC alé<8|t3/s

subst i t ut eBREPNEHTIBITIMATY BiFYalGStriciireaX ﬁﬁﬁgtnunmeé PeaidEe
cont ai gj ngzrﬁﬁ%@?glh{éﬂgiifec%/clﬁ SRIcRrB! SAEY 5@1‘?\&%&? ndﬁhyél%gfaﬁr nis 6

to 14, and erred range 'S anpl es_of this class
i ncl ude, baubsiituentatR, an thetdmans! |cgclmt@4¢§.1rea|l@ﬂus glapeAtCYalisr bor nene,

nor bor nadi | <

[ (bicycl olhgfgg yt}g‘%ﬁ’ ﬁ%@?&@%ﬁ%@%&fch?]énﬁ%ﬁﬁxga%%t ﬁ’{ﬁ c}[ewar benzene,
bi cycl o[ 4. Bidjavand-Bs ¥-<d2re(ix+2},, amd5a'.=8>h R eain aidependenilytieal efias linear,

2, 3-di net hyl

: -1.4,5 8-1et d
ool or 4 btehge ngab el b AR 2L hear, branchest unsaturated or
gl %cl q5|4 Sy dik eliox; ﬁ{tﬁgtut&l cmfmsn[btét:tzntéd azlqt,@fa slbdiitated), silicon
| CYCl O en rne SI 1 an
bi cycl ¥[4 or@?wé @p SHtEE b %Fd’g?%‘fl‘]ea’ﬁ rangs ﬂ%‘f?é“%’s fer pilgRdo g4l - 2

25 nor bor ”ﬁrh‘i‘os%'ﬂ:?eférréél Rardedis W%%Qn%wm@@af thisO03<H infragk st dve @ber r ed
cl ass of CK;; ic al kenes is tricyclic alkenes of the general formul a

Cf H2n. ( 2x+AnitgaRio, @hearens algha-piseRantsbomenganibaadienene prinary
t | h
ricyclic ﬁfcpb{g%.?koc%‘aé% ya ﬂ%n@ugggﬁgf%%ﬁgﬁg%%ﬁﬁetﬁbkﬁiahg the

primary 30t strutture er of non hydrogen
subst i taenhsxarrethphewhdenzeneeigydo[d S/nora-gt/rdienare4,58 this cl ass,

nis ani n%eef\r%‘?\grditorngghtﬁa}e?ue,lg,ﬁ—dﬁmieﬁwﬁq 4.5, 8-tetrahydronaphthalene,
bicyclo[4.3.0jnona-3,7-diene, bicyclo[4.1.1]oct-3-ene, bicyclo[4.2.0]oct-3-ene,
bicyclof4.2.0]Jocta-2,4-diene, 5-(bicycloj2.2.1Thept-2-enyi)tristhoxysilane,
bicyclo[4.2.0]octa-2,7-diene, bicyclo[4.3.0]lnona-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 CnHan.(2x40yRy 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, nis 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-Cyz linear, branched, unsaturated or cyclic alkyt, C4-C1s
linear, branched, unsaturated or cyclic alkoxy, substituted or unsubstituted
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integer and x:5 n/2, y is an integer and 0 <_ y:5 2n-(2x+4), each R
can independently be Cl- C18 | i near, branched, unsaturated or cyclic

al kyl, Cl- Gl if3ear, branched, unsat urated or cyclic pbKBRMbasn3s303
substituted or unsubstituted 14 WO 2007/ 033075 PCT/ US2006/ 035303

aryl, or a substituted silicon containing substituent. A nore
preferred r awyb op B subglitytes! sifgoncaniaigng sUbsiitueiy Aumess prefersrdiangg of

range is 9 t fo%qgﬁgﬁjdf iﬂﬁ%%&p@érr@&%ﬁb@ns'gt'g"ttzedE}ef?mples

di cycl opent adi ene
oct ahydr o- 1, ichigehawtenapohlithided{o, dicyclopentadiene, 1,2,3,4,4A,5,8,8A-

t thyltr] I 2. 0. - '
1747 hytr o- SHRRb T EnBt bl R Cp sy R 2,094 Soge-a. 7
t et r aene. s [ 0fidhd, FA-alimides-1pf-mdthamonapsinakhetdng (412 BeraHeliaDes7 Gk
preferred C%ﬁg al kenes descri bed above include, but are not
linited to BRY¥, ethyl, propyl, io isopropyl, isopropenyl, butyl,
phenyl , nethyl phenyl, trinmethylsilyl, cyclohexyl, nethoxy, ethoxy,

pr opoxy, iso OXYy, isopropenoxy, but o phenox met h Iphenoxy,
trimethylsil EWEI or cyRNeaHERs Bk In el @frt%@&ﬂr@m@sag Of)Pfﬂf@fr¢d1@YQJ§e

met hyl, isopgooyds d%&ﬁb%&%%\?@%ﬂde Bt dt¥lnot | Inﬁﬁ&ﬁ &g%?tﬁ@ae{thgF&%”y'

are nost prefe erred use 1 n’ sem conductor

[0036] Pief esopmpyly Hopopsnkk batyl, |pmhuumecﬂmhmﬁrghénmpﬂmsllwndywmxyt

di cycl opent h n al ha
ot none. "5 ca ey, SpBRA R GHEY” R iowBRE RO RGN Bk e Gy, 1 2
nor bor nene asthyiphenbyy, Itdmeﬁrykllnw,hmrcpdnﬁexlahe Fhﬂesérre;rre)fa&mﬂiedoﬁwl | c
20 al kenes are gIC chopentadl al pha-ter q norb ne,

or bor nad: enBauds RV Bob RS GH aSReToETY T 5 AR IsaBRBYbA RS FobraRenY.
[0037] Suit aaleqn@ﬁqﬁ@ﬂeh@daaxt R @b’éﬁh%eﬁfcdrl&!@c@r%ﬁbmﬁ%ﬂs are descri bed
by Fornmula (I) where Rl through can each independently be H OCH,

Cl-C3 2513 near branched or cycl | c al kyl, Cl1-C3 linear, branched,
or cyclic al ' es of
suitabl e R1 Herelon R?.Q%té':e%f% %&?Hﬁggﬁg?%éﬁﬁﬁ?@%wmm%
met hyl , et hydlpyqbwmadlem@,@jmhm;arpmbue ydammedenpinene, Ilmer\enmﬂ!ma-
cycl ohexyl , r 0 rt-
but oxy, cycl 0 %ﬁ?@ﬁ%h%oﬁﬁm&%ﬂﬁe ?HB%@%’y BQ%QP%’?H%E Qﬁa?rpl es of
R1 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 () where R' through R® can each independently be H, OH, C-Cg

25 linear, branched, or cyclic alkyl, C4-Cg 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 (1) 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 (I} include, but are not limited to,
phenol, 4-methylphenol, 3-methylphenol, 2-methylphenol, 4-ethylphenol, 4~

15



30 through R5 in Fornula (1) include H OH nethyl, ethyl, nethoxy,
ethoxy, and tert-butyl. Mst preferred exanples of Rl through R5 are

H and net 38] Suitable exanples of Formula (I ut
are not Ih@i%oo mfg&? phenol , 4-nethyl phenol, 3-nethylp %;Clr%ﬁﬁd%&ﬁ&

2- net hyl phenol 4- et hyl phenol 4 15 WD 2007/ 033075 PCT/ US2006/ 035303
propyl phenol , 4- | so- propyl phenol , 4-butyl phenol, 4-sec-butyl phenol,
4-iso- butyl phenol, 4-tent-butyl phenol, 4-nethoxyphenol,

3- net hoxy phpropyiphgnolngtistepiaplytpiehol, 4-hefiehanshehedg-butylphenol, 4-iso-

T S a hyar oBuehbRolcE R o il A e B PR RRE 3 | et ude
phenol , 4- naiethdxpplesral, 48thmyﬂﬂyérniﬂ€mal meﬂ\ymyi)dl’ﬂ@hehgltembutyl-ﬁi-

th h | - et
oD sty eReh ari T S AR Sy BRt2e, et ed aryioxiaRs: of Farmyla
1, 3-di hydr oy iﬂ@ﬂéé@ﬁenbb’ﬂfrﬁ&%wpﬂéﬁol 3%&@;@1 ﬁyﬁ&xz/}rmWMenol 4-
4 o

3,4,5-trinmet hoxyphenol “4-meth enol - benza oxyphenol ,
U

4-benzyl - 2, BEfioyphendh}- meyw@wfv\encﬁ %ﬁl@émwniaﬁwhgﬁodl-fem tylphenol
henglg, 1 : -

beneyl oxy phaa ey ionerpl EHTE, [ RRRFUMBAZRE, nydrdhufiions!

6-tert-but y2-(uermyloaty)w|@nokWhﬁ-ztmethomamobt3 gihexedmeethyipbhenxj 4fant s

f F I -
o 6 ai v ert PelnEpTatendTr PRI Bt AR 2 2 hutepyprhgng!. 4
concent nat i pnmpcf(ymi@ﬁbpmmtawﬁﬁehw? anynéihylbbh@ilménolt P @InG-&ris- ang;e 8}‘
concentrations,  such a rom abou ui t abl e
concentrat i B?f"zt%ﬂﬁ%@e'lojré 6?@&?‘?%&'%6‘0%‘?% 8 dzﬁ%r@ﬁ@yl }gsw tabl e
concentrati @m?dr@wb@zehghmedn@gt p?éﬂeha@bﬁhmmgbf BbinQuns (1) 28 40040]
The | ow end of the suitable concentration ra or the }la_henol iC

addi ti ve nafel@xyphanclPYHQ) Bndohbdbtethbuiy!- %‘@‘%Bﬂ?h@W {BH

concentrations for the |l ow end concentration range include, but are
not limted, to about 1 ppm about 5 ppm about 10 ppm about 25 ppm
and aboui 5038 25 A s@Ebje tm@:amtrghomn hemolia additive armyere obtained

o : e
conposi 1 onfomstiEAfe oF gBferfitaibhS Ryoh sl fron BRbut A TY Bour A pom.
deposi t ed f Blimbpiconognimtions ohnges| aam)beodefwaé hyhsiaingea lcsdehd ofisiitahlet he

i | k A f h
i gh ond premeREGaR 10 ek & R SEPHE RS about 100 ppm to

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, aboui 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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30 about 200 ppm Exanples of suitable concentrations for the high
end include but are not linmted to about 100 ppm about 125 ppm
about 150 REeedRRMs 175 ppm and about 200 ppm 16 WO 2OPEAAR T3
PCT/ US2006/ 035303 [00421 Suitabl e concentration ranges nmay vary
depending on the specjfic antioxidant enpl oyed and the specific
process usdB04ddanp| euitahtle C@D‘F?"ﬁ'ﬁ“@”é@%df‘?ﬁi’?%ﬁ]erp&ﬁg@g QmEBude from

abou ppr%p%glﬂéléﬂﬂémﬁﬂtéﬁ%&oyeé{) %}m&gbﬁhaﬂé pﬁﬂi@s%@ségp iy ampfsiFm

from about T ppmto abou _ er suitable concentration
ranges woulsittlblelcgteetitradion aBegas inoluge dormabeihd durpne toabawh 200raabout

10 ppmto t and
from about q%*%%é‘@ﬁ@ﬁ%%%@@%%mg%@%@gm ggﬁq‘gﬁ acb%ﬁggﬁg Egttnl on
ranges \soul@thensiitathe dormentrbitnrnt radbep proutcbinalide frop08bgyim0 pgm éon about
25 ppmto abou 5 ppm_fro out 25 - about 125 i 0, and
r oy about B8ubadH BeRebmacth T ghn GaERT LS pREY Hort ARafiBamntis
ranges woulgoun¢2s gmf 5180TramCatiou Q0 ppw tooaif@ Y00 26h. POMer kuRaBI@bout
50 ppmto about 1 ppm from about 50 ppmto about 150 m from
248

about 50 SRPeYralivpRNASWEYMINGHEe freBnkaYbar PBB! Iophats 28888 100
ppm is [OQAR} adh& Bf S ké éﬁ&t%!ﬁtpﬁnﬁdﬁﬁ%omﬁﬁrhttb% (By248 pshude a

! . ; 0
single phenolic additive or a m xture of two or nore phenolic

addi ti viés Isadifragn aboutrdfl pprmity abguie1Q8 xaror Otagr suieblercanseatraitmol i ¢

ddi ti : . : her
20 Toosa] TRER AR S famChou] 80 FplniR, AigE200 bR, KEnfaEOeEb"e!
synt hetic ppectonatepie 478 povm fiom aibogtd 0 ppnh ealasut. 1 50rppeo,fnem @balit 50

mat eri al s chenj cal uf act ur,er s 0 e cyclijc enes, will often
Toant |1 ve TS Shoys T8 ool el Hioth PPuTRl Sl 45 b GuAIRR: ome. of B
Si nce nost manufacturers are not accustoned to meking high purity

products, their product handling techniques 25 can be relatively
poor, afd 49943l stEP%S@%H!Z@@ﬁé@hcc%h@wmam%ﬂ%wawmfﬂﬁ98"1@'#‘1 er

the contai @ﬁ%n@lﬁﬂ‘ S tiveddid Rila@fe &tivBlor hdrbiph@nolld &t Amgrant s,

once clos off into the container, can cause considerable
degr adat i offorute®. Theoaixéureiof twe or mose pheigpliccddiives naaigbd petsent e,
o e Y SR UBRET g o o mterials st be
20 [0044] The cyclic alkenes can be obtained commercially or by synthetic
techniques known fo those in the art. In commercial maiterials 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 filing. These contaminants, once
closed off info 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 controlied conditions. These may include:
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30 additives, usually by distillation or sublimation. [0045] However,
to maintain purity and stabilization. during purification, storage,

and shi ppl@g 20%}%@309%@ i c al kene and conpositions of th?c‘i')u%ﬁio@t?ﬁﬁ(ﬁ

nusf 3e han under strictly controlled conditions hese may
i nclude: 17 WD 2007/033075 PCT/ US2006/035303 t]Oﬂ ahi li zer
to the proRfdiion efciaRilzerip the ProgduelireeeiverTopie 8’6 o Sor Bﬁﬁ@?gﬁ@

I medi at el jy | Istl%t?ig%@aﬂﬂ%ﬁ dn*c Aﬁlr%tﬁélﬁrd%ru@ﬂﬁé@bwéeqﬁrmﬁm

perform ng tions and ng purified products unger dry,
i nert at nodiplilatiess asd hgndimmmstﬁeci meeducigsrder st Hnert alnesPbgEss 6inGir gon

(but not u b
tonoxt de) - O TGRR TG R RS TURAEh AariBh BAR rh BCHpBh it [0
pur gi ngs cog%sds][mmh a}tvidlal'bdrrmwdabmmﬁtnemomiddjengammﬁlaanmgtal‘qhses
prior to and after [fi

| fill
o B a3 B3O8 SR BlETe of B
;'C?anr oor ncdrﬁmoﬂ\hgérdgé%&tprﬁ{ﬂ@o Eht?@&enﬁﬁ@ uemtc&dmaa!aiﬂllnyltebham;ues)ul d
as (6] rrzati on
Cont ai nor STREPISBULAE RESHER DB Ring FXPeRec BEe i Co BBEN giaun t
material s. 5 f§464t %}Yac@}ﬁgia?é‘éntﬂﬁﬂ%%ﬁ%é’c c%ﬁﬂj é&t%@l{fo?ﬁ?ﬁe@ﬁﬁﬁfi)s' tions

for the semconductor Industry are typical acka shi pped and
st ored1d n ¢afalysisi anegislicieuscehoiesefgoniainers do P@Vﬁﬂhe’ﬁ?%iﬁﬁo %f[ua'l ity for

t he ”BX'”“8%@PRHB%p8EMe9ﬁ£Ena$t I s advant ageous to purge containers
of air usihg’inert gases lor to filling. However, despite rigorous

gffprtstho ﬁxclude alr durhng the purge process prior to filling and
uring e fi pro avetlt '

mevi fabl yI994BL {herpeag ReRsreb s dria et bl Sormpoditils fPuecs
con: a:c nlelr sanifobhdsue@!cla:amdums@remp:oaw;fﬁackegéd ehigped anogtaieddn, a

pos [ pur cycl.e ary r.sen chem cal

cycl i clal ke e‘”éfCPB qe;;g 0 b%?laé’fe@tqt8“?@@%’&%%‘@@%@%@@5 t he
maj ority OﬁmadYﬁ@bu{:arﬁage@srtoqug@b&ﬂmnef@@m|+ Yéing BfepiSgdgesprivht
container, leaving the Stabilized cyclic al kene @HITDO?IUOH

primarily Wit Hawevergdespite Hapioyeg {oexgtuderir RAUShd 25
di ssol ved R;ac%@&ﬁﬁ%%fng'm QGRS 1l prdces8deABRABRRLSr bk Bwege the

cont ai ner nert gas prio ealing the container for
storage or resistiyrgases mh‘etabrhemakgﬁmrswammm@awrﬁ@mer 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 prefetred inert gases for
purging containers are helium, nitrogen, carbon monoxide and carbon dioxide.

The most preferred inert gas for purging containers is carbon dioxide.

18



used include, but are not limted to, helium neon, argon, krypton,
xenon, 30 radon, nitrogen, carbon nonoxi de or carbon dioxi de and

m xt ures t%ﬁ@f,e3307§he preferred inert gases for purgi NG HENbRIASHS
are helium argon, nitrogen, carbon nmonoxide and carbon dioxide. The
mor e pref e[00d8] i ner th ga}geferébm to punggithg stabilizad cgclc akendedmpesition

Mner t “gas FOPSURIGY RGP UbRIAEEIS PPretBaicamBrrian ua 'ul5e8%7 03a07s
PCT/ US2006 498363 dvisRiidils dit. rmembﬁfp@smbh e;nstwb@pn;@@dt h@m@tabaﬂ arged
cyclic al kéne conposition |mm|at$§g]rafter it &ﬁ ?qedto

pr event 5 deb®mRdier theoprriaiaet s flied spe e&d%%a'ﬁﬁj p&e 9 air.
The conpos RV i t he
contat ner PRI o Rb ATt R e A e o
shi pment . Eebnicpep dwludiog v poblimitadt ige guigingsoeriibeughoihegonirosiivn

t echni ques i.n N i he
conposi ti off® méaﬂ%e%ﬂ?r&%&g Su brtrrlééf g%arhsga{@nﬁe&“@ﬁ%om ?%dnépg%(glrégfhr% t he
headspace obntiner, emantnaiir@ﬂhe hesadspeatsl ofdhe bentared sipinge/agtiumband
cont ai ner u va and lg refilli n t he heads th th rge
gas, priéssif ”E‘gﬁﬂe‘lf‘ ?@f@s%ﬁ%@eﬁ”rg%g ﬁﬁ?s&lrﬁ@gptaf?ﬁaﬁ%%cgu‘ﬁ@%
purge gas ahtaingl @athiphesduiiged barfEGR arERMdsingoms pr@éstﬁ@%p@ﬂitﬂmes ses,
and conbi nations of such processes. The npst prefer_b?ﬁ)@boﬁ th d t

i ng

purge the @f)‘@#ﬁb’lsﬁfppweissalﬂ%C‘B‘@]b@@’“%"ﬁ%l}ﬁﬂc‘?%@
a tube Subl ; I?cﬁag‘t 8 gg?hé: B&difidiPR 1o ;HFQ%?Q:—E%%UM@L% o@%honal ly

1s result nti ona pressuri zation of the seal ed contai ner
fol | owi ng &singartybe sybmergas! inine hemppsitioriturgn deqhwicrestJaePREPNally

d t t
rocensay MR AP BB o b S i, o,
[ 0049] Pur garge eyete tbdurteagirepentdies perventicarof dosswkiitioos aimstodbsi r ed

Savent] 11 ofegkeBa inhISiE Sble bt iehree ARG R rbe soneF B B onas 1o

hour s deppﬂ;@su& éﬁbrtrﬁg purged.r ates used. For exanple, the purge tine
can range from 10 seconds to 5 mnutes. 25 [0050] Techni ques to

purge gas through the conposition using a tube
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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subnerged in the conposition can additionally include the use of a
diffusive device to aid in diffusing the purge gas into the |iquid.

Di ffusive gguwheRss@E€ constructs that have nore than %&%L?%kl%s{fsor
gas to escape from nost 3o preferably a large nultitu outlets

as found in porous diffusion stones. Diffusive devices can include
t ubes havi r{goal]pl ur aFhese gfillatbindse art geoewlle asepgiatadhe terpt ‘trasbgas”

fabricated f Iass | .a

PCT/ US2006/ GRS, FSB%r?’bgl’m'%!%t%Ek?‘% O%uf’ﬂ}%ﬁ’”l%?é’%ﬁ?%eﬁﬁﬁﬁﬁ%%@’°"
associ at edtdmﬂdxatrem)r daniesri dl@ﬁtﬁi[e arginbh lndéedimndee osrtainrcgoditioks, oatbam,
xenon, radon and nityrogen i car oxi de . .or carbon di oxide
are not. | faRxid Eﬁ'gglﬂ y&ixfgﬁec’@ﬁﬂ ?ldgﬂ‘gec%%ﬁﬂﬂqveﬁﬁ% 4Y¥- and
car bon di OfyigavERhEIR pERAVIOCSS &S I8 peifraYify dupepubAi @i e conditenever ,
their behavior as such is prinarily dependent on the conditions

under whi cwnﬁﬁé‘yh@héh%@@ usgd. YdRPIEapRpERivTEavitd RoyOHier EPEKSY SEHEEgy
source gggm i d as a
packagi ng gas tﬁ@f%‘%@g? ?ﬁs&ﬁ%@p%??flﬁ%ﬁ%ﬁg@ é]ﬁuée%‘? %Qure y be

used in anyasuitable chem cal vapor deposition process which
requires a cyclic alkene. Preferred processes are those chem cal
vapor deposition processes enploying a silicon containing conpound

to depomit [a0$2Iw di eTke tompositioss amefdislcmsulﬂamylimusﬁd mmiytsatbdalﬁe
processes incl ude, but are.not limted to those de

Pat ont  Nos. CEMIoE vapar deposifen psacess Wiigh Bayiiog aygicy Ben% 4%‘%& fb
6, 846, 515, RHEbsBeSBR PdSe chémﬂianva;smrep@éuab@gr&aesé@é %?[U?ﬁ}gé@iﬂ&iﬂ

The pr esent disclosure is also directed to a process usi n a
cyclic al kengtabdngpeamppend fuofenasita iy delpalie P06$f365§"5b nE%ﬁiB!é'gS 8f1icon
oxi de on %Qutéblié’% qsl%ggﬁcﬂfo%c%?al‘émhi‘nﬁ@@ td ﬂ\%séto%eériﬂgd mE{) S.

providing a cyc eéne composition in a container, a silicon
cont ai nisng Ratemiddosd 6i81 58750 At 86827, 67 96,349, Gd19ds348, 67510, a film

deposi ti 0N Chanber Witk 876 G ILEM ARSI hdrlgheea Means for 25

connecti ng tarners”’ |Im 05| 1 on chanber within said
filmdeposition tool, a stream of carrler gas to sweep the cyclic

al kene COTBB?é]t 'on ?Hg ptrebs%n?dgslc ogﬂreclgré?so wecgeaC torg)pr%%gset. Q‘F Ssli'%]at he
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 toot;

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

g¢) transporting the vapor of the cyclic alkene composition and silicon
containing compound info the film deposition chamber; and

20



connecting neaps into the fil mdeposition chanber, and a substrate
within the fil mdeposition chanber of the fil mdeposition tool; 30 b)

i ntroduci ngyd AgNapars of the cyclic al kene conposi ti onp@fsbkizssos
silicon containing conpound into the carrier gas stream c)

transporting the vapor of the cyclic al kene conposition and silicon
cont ai ni ng conpound into the filmdeposition chanber; and 20 WO
2007/ 033075 PCT/ US2006/ 035303 d) using one or nore energy means, to
form a car bondHd|SEY @9 PrdBAreTKIIBY Meang torfoirma carprit depad Silprsy @fide

said cyclic al kepg; Q5bdilpe conprises: s 1) one or nore
substituted or uﬂﬁtﬁ)@gﬁ?t uted cyclic al kenes, and 2) an anti oxi dant

conposi t i onwherairsaid ngrliamllepestonposittomempigest Fornula (1), wherein
t he anti oxi dant conposition is present in a concentration between |
ppm and 200 ppm and wherein Rl through R5 can each independently be
H, OH @& -C5 |ineat) ohé obrrane Babstitoteday chsohstitltpt cy€lic-dketdsnand ,
branched, or cyclig al koxy .,or, substituted or.unsybstituted aryl,
wherein said conpoSi F‘P@Ht%ﬁdﬁr&tﬁd’é@%”ﬂ@ COMATSING: atdFRst g g0 d'of

conprising a gas seFeah@e ()l WRbiNeHHY MRxiBaRBesThbRGHSH ishebidrmin Aeon,
argon, krypton, xenon, radon, nitrogen, carbon nonoxide or carbon
di oxi de, after said feneeswadan Lebyeas! PR BWLAXLPR'S, and whewihEr

i ntended for storage HPPRI : i it ¢ [ The
cyclic al kenes sui tagﬁgu%g teh?%a% éncq%?lgﬁcrigeﬂgre %‘hgpggr}e@agg]%r’
descri b¥d previ ousl ybaricied sermyalc akgl, Co@k3ihes, brarmhedont eyatic atkoxy

conpounds suitable fBFSLﬁ]@tiﬁJtQ&?ﬁhﬂ%ﬁ%pﬁgﬁ e any class of silicon

cont ai ni ng nol ecul e such"as Silanes, Si'l'anes, al koxysi | anes,
al kyl al koxysi whersn said chmpysitica e purgat kyithcalridast pekelimere gas comprising
al koxycar boxysi | anes, . al kyl al koxycar boxysi | s, linear sil pxanes,
cyol 15 25 ot | Beanasiei i dar Bipteioraitne f HetimaieRa. ardeyt EPites,
fluorinated b ysddnaAR@geh! sirbbn aiddxrickot caktendiskidanssr said
fluorinated carboxysil anes, L o

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,
fluerinated 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 fo, those shown in Scheme 1.
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fluorinated al kyl carboxysi | anes, fluorinated al koxycarboxysil anes,

fl uori nat ed aIkyIaIkoxycarboxy5|lanes fluorinated |inear siloxanes,
fl uori nat - Si |l oxanes, and m xtures thereof. ach
cl ass desg\srép(g}e{@(ﬁ@gve 30 i ncl ude but are not Iim'tedE;{’ msg@g@%

in Scheme 1. 21 WD 2007/033075 PCT/ US2006/ 035303 Schene 1 \ / OCH3
HB3Q /OCH3 H Si /HH S /CH3 HSI Si HHH (r) %8 H3COr) 'OCH3
H3Cl %CH3 F H CF3 H OCF3 H3CQ\ /OCF3 \Si/F "Si/ \Si/ Si (r) IF F3
(r) CF3 F3CQ0(r) ~~OCF3 F3CO(r) JCF3 H\ /COOCH3 H3C\ / COOCH3 H3CO

/COOCH3 Si Si Si e,IHBCOOCCOOCI—BI—g%%?gCI—BI—BCOOCCOOCI—B H
\ /COOCF3 H3Q\ /COOCF3 H3CO / COOCF3 S COOC COOCF3 F3000C
' COOCF3 F3CooC COQCF?, a J CF:H 1 F8cu,
/CF3 S H3C/Si 0 | \Q srﬁB t\o/r‘i{}sy Sézséﬁ CPR_CF 33
M | F3Q OSi-O H Spio /CF3I I$iCCH3 i / Si-§F3 HaC/ s|\S¥o F3C

~S\ /0 VA %
H,C H, H3CO 0OCH; HsCO OCH;

)I-l

A

-}
N m\
o \ —

N

/
N

H\ Cl, H\ OCF, HsC\ . /OCF3
Si IS!.

1 i:‘F3 F3COI bcr, TF;CO OCF;

H COOCH COOCH; H,CO COOCH

_ ’ \ S N ’

Si Si

4

COOCH;

COOCF;

£ a
H,COOC TOOCH, H;CO0C <TOOCH; H;COO

H COOCF, H3C\ /COOCF3 H,CO

Si Si
*

d >

OO0CF; F;CO0C <TOOCF; FyCOOC
CH3 CH3 H3C CH CF3 F3C
[ | \ FSC\/ | \ S/
/\/i\o/ \CH3 Fs/\/l\/\

CH; CF;

F5C TF3
Si—0 H \Si—O CF
/ 3

/ N /

O Sl"‘"""" C:{‘Ig O Si— CF3

) VRN Ve
H o—Si F3C 0—35i
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CF
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ERN
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CF,

CFs

[0056] Suitable examples of silicon containing compounds of the
5 disclosure are those described by Formula (II). In Formula (i1), R® through R®

can each independently be H,
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HOS\ F3BC O -Si\ CF3 CH3 H F3 [0056] Suitable exanples of
silicon contai'ning conpounds of the 5 disclosure are those descri bed
by Formul awd bogsodsersFormula (11), R6 through RO can eag, 006/03530

i ndependent |y be H, 22 WD 2007/ 033075 PCT/ US2006/ 035303 Errusangegssas,
R7 R F, OH, Cl1-C8 linear, branched or unsaturated al kyl, Cl1-C8

| i near, branched or 5 un&;@turat ed, aﬁ&oxy, substituted or

unsubstituted cyclic or c c alk substituted or unsubstituted
aryl or aryl al koxy, substitut S|I|con contai ning substituent,
partially or fully fluorinated g -C8 Iinear(Ilbyanched or unsaturated

al kyl, partially or fully fluor @ated Cl-C8 linear, branched,
unsaturated al koxy, partially QrR?uI l'y fluorinat ed substituted or
unsubstituted cyclic or cyclidal koxy, io partially or fully
fluorinated substituted or unsubstituted aryl or aryl al koxy,
partially or fully fluorinated substituted silicon containing
substi tuent non-, partially or fully fluorinated carboxylate

i d t th f npl e t h RO I
O ol BHL &M S L Bl B BBl '
propyl, si SQlﬁé@métedIaﬂww@@wltuteawwhsumﬁnddi cydTRtdNey Bltealidxy, 15
cycl ohexyl, nethy Ic cl ohexyl, methoxy, ethoxy ro oxY | SoOpr.opoxy,

but oxy, pﬁéhﬁ%‘}fed@WP%&%&’@W'W@%@E‘WVWS fiviechilicaresastRiRigox y |

trifluoro t r |
pent af | uogggg%% nt! b éblg&g{aq)ﬁitfgbggpy 1 b?—?g%?%@tetb?é{ﬁoheh drUheRERRESPY !

hexaf | uor oiadgppapially or filly fluorioated G epetngar, bmncmed;@nemmra}ted alkoxy,

pent el ot SBHRN) o AAD S BERH Lt L OBAGRY ot cpl oy

(trifluor omsatﬁ:aw bd&dlyﬁhunn@t&;dcdubhﬁx&ld ortunistibstidutedetryiax aryl alkoxy,

bent at | uor GAREY585 THBPHRFa8 cUBR s silcon EaRMIBY 81 s eoRg-

hept af | uor @RIy BPANY fubfihfed VaekI/RXY ligands, or mixtures thereof. Examples
of R® through R® in Formula (I}) include, but are not limited to, H, F, OH,
methyl, ethyl, propyl, isopropyl, isopropenyl, buiyl, phenyl, methylphenyl,

15 cyclohexyl, methylcyclohexyl, methoxy, ethoxy, propoxy, isopropoxy, butoxy,
phenoxy, methylphenoxy, cyclohexyloxy, methylcyclohexyloxy, trifluoromethyt,
trifluoroethyl, penatafiuoroethyl, trifluoropropyl, pentafluoropropyl,
heptafluoropropy!, isopropyl, hexaflucroisopropyt, trifluoroisopropenyl,
trifluorobutyl, pentafluorobutyl, nonafluorobutyl, trifluorophenyl,

20  (trifluoromethylietrafluorophenyl, undecafluorocyclohexyt,
(trifluoromethylydecafluorocyclohexyl, trifluoromethoxy, trifluoroethoxy,
pentaflucroethoxy, trifluoropropoxy, pentafiuoropropoxy, heptafluoropropoxy,
hexafluoroisopropoxy, heptafluoroisopropoxy, trifluorobutoxy,
pentaflucrobutoxy, nonafluorobutoxy, pentafluorophenoxy,

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

30  triethoxysiloxy, triethoxydisiloxy, pentaethoxydisiloxy, n*trimethyltrisiloxy (in
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pent af [ uor obut oxy, nonafl uorobut oxy, pentafl uorophenoxy, 25
(trifluoronmethyl)tetrafl uorophenoxy, undecafl uorocycl ohexyl oxy,

(trifl uor qgst, Jo%s%‘?:{:afl uor ocycl ohexyl oxy, dinethyl sil O%&ﬁ]ﬁ%o&/&%m ase
of linear SiToxanes), trinmethylsiloxy, trinethyldisiloOXy,

pent ar net hyl di si | oxy, diethylsiloxy, triethylsiloxy,

triet hyl di si'P6R5S operRliasiexAnass pYHkse teaﬁﬁﬁ%&b%%ﬂpxane) and n’*-
trinet hoxysv,éme@g{ﬁtbwm %SE%%}/GEB%B%@SP% hs1 | oxy,

di et hoxysi | oxy, oxysi loxy, triethoxydi si| oxy,
pent aet hoxyatitginethylcyclotetrasiloxandhy Prefeged exgmples of &3 thiough (R7/iodad 5

PCT/ US2006/ 3 o ' | d: n

t et ranet hyl @S‘g’l "g%tg’y{‘ ggqtﬁ@gﬁgr{yl, eﬁ@!}%yiai‘?d %@2@@?&5?@5@%@0% nﬁtwl‘t he
case of gTycéthoxshnhdxastisutes sidxyesre noatt prefehgd iyrdRoheiughsi? fox ase)n
Preferred exan,gl gﬁgf R6 through RO include H, F, nethyl, nethoxy,
et hyl, et hoS§M5R FARPICERANSFor nul & (11), H, nethyl, s ethoxy and
substituted siloxy are nost preferred for R6 through RO for use in

sem conduct or i_gpl ications. [0067] Exanples of silicaon containing
conpounds sifPP&bl e f Gxapiles ofgilonspnraning epmgaungs guitabie W6ENIS| nit ed
to, silane,g; ' il ' i ' | i i

t et r amet hyl %I%gﬂg{a%edtlﬁdﬁg iulggfgﬁ&ﬂﬁt{e@?’glIlagég,néﬁy@téﬁ%’l gﬁ;ﬂegﬂr;ﬁiﬂane,

t et r aet by sirivwtkylsilpnepigtraiedndsilagepetbpigliand, diednylsilang: bigfndsilaaae,
tetrapropyl sil o il A i : ' .
triisopr Opyﬂ%&rg?@ﬁ?gsla@;ﬁ é@g%%ﬁgp@ﬁgqqy%ﬁéﬁé),Qﬁﬁ?}}#gﬁﬁZ%trapropylsalane,

di but yl si | aiseprobylsirey Hisdmopylsiteier alndpydmidilane, tetraisopropylsilane,

met hyl tri met hoxysi | ane, dj met hyl di met hoxysi |

trimet hyl rre?"ﬂ%é@ﬁ gll?é’,ty@LanPr Fﬁ’ﬁ&ﬁlﬁﬂ)gﬁtﬁéﬁ@t@@@?qeanet hoxysi | ane,
met hyl et hoxggiylanethoxysitani| dinﬁmh?@mhdmpanmrhaﬂhyrnhahb@sﬁdaﬁé,ane,
di net hyl di et hoxysi | ane, trinethyl net ho%%m | ane, tetraethoxysil ane,

met hy| ethoxigetizgxysiance t9HATRIEPREIHEE. B an?%lf‘wsﬁ?’%ﬁ)oxysi | ane,
di met hyl di prepRiNRbiBRGsilank! MERIRVERLRRINNS] difReyidishbrpiRREXYSI | ane,

met hyl trii sopr opoxysilane, 20 di'nethyldiisopropoxysil| ane,
i

trimet hyl i stipredpdrgtioxssiane: tatieethoxpsianexiyeinyigtaoxysilane, .

e | orRRRL e TRV RIRR R e AR IRERY - LT,

met hyl (et hiyimsiterigriopexysiase, tetraprpbdiysiendyhethghyisdpbpaxysiiane,

x% Eg: Eji[z ﬁgﬁ%&%}bﬁ}%ﬁér@p%ﬂmﬁgﬁe {}Fﬁqu¥3|/]@Q&%%X%Hgﬁg,etetraisopropoxysilane,
methyldiisopropoxysilane, methylphenylsilane, methyldiphenylsilane,
methyltriphenylsilane, dimethyldiphenylsilane, trimethylphenyisilane,
methyl{methylphenyl)silane, methyldi(methylphenyl}silane,
methyliriimethylphenyl)silane, methylphenoxysilane, methyldiphenoxysiiane,

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{methyleyclohexyl)silane,

30  methyldi{methylcyclohexyl)silane, methyliri{methylcyclohexyl)silane,
dimethyldi(methylcyclohexyl)silane, trimethyl{methylcyclohexyl)silane,
methyl(cyclohexyloxy)silane, methyldi(cyclohexyloxy)silane,
methyl{tricyclohexyloxy)silane, dimethyldi(cyclohexyloxy)silane,
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25 di net hyl di phenoxysi | ane, net hyl (et hyl phenoxy) si | ane,
met hyl di (et hyl phenoxy) si | ane, di net hyl di (net hyl phenoxy) si | ane,

met hyl (cychedeyhasets! ane, met hyl di (cycl ohexyl)silane,  perusa006/035303
met hyl tri (cycl ohexyl)sil ane, d|nethyldl(cyclohexyl)3|Iane

t t hyl
mrelt Eil d?/( gg?ﬁ%/tﬁgﬁ?i&% E)S(/%I@H&(yl&ﬁ‘)élbéﬁ{‘ﬁ% Qﬂ% cyc (ﬁga?m 'l ane,

di net hyl di (rfée hy rfreffoiyeiphexsylpynesiane, dlmethyld((me hy[cyclohexyioxy)snane

trirnet hyl ( rgﬂrcﬁxk&yﬁueg\&éwo%t [@yﬁsyngg% %hﬁ@{ﬁ%@lﬂﬁ Vd&%&gbﬁggﬁﬁ%

met hyl di (cycl ohe
di net hyl di (chyfh.lEmﬁmgmytbug(jrélubmnmthﬁ:éy)ﬂ@n%()ﬂﬂdrﬁﬁmyﬁiﬁﬁeusz006/ 035303

x: Eg: ((ZII th)ﬁ{ﬁﬁ% gl)&%@ﬂﬁg( %&S'yir?qncgl‘t]c@(ysﬂane vinyliriacetoxysilane,

met hyl tri (medryih @m !dtdm@i@}@gwtrlrﬁétﬁy!&Iyl(trlmethylsllyl)propynoate

di met hyl di ( Qhex ).si | ane, |'icon_tetrafl uori de,
fluorotri mege PP Nfsﬁ)‘l@“mﬁﬁ%{/iﬁﬂii’%f JAsgiaia, ftnnn@#haﬁﬁyltﬁtﬂswwpﬁm

trifluor orretnm({rmubﬁacﬁéthilé.%wwm&?'th@fh@»acta ogyél%@ et hoxysi | ane, 5

triacet OXysSl | ane, net hoxytri acet ox ane, vin riacet OxySI | ane,
vi nyl et hyl &l(ﬁ&@pwgtha dane, ety trg‘iupchethwulaw,a | yl ) propynoat e,

trimet hy1%)s' I %tﬁ&)f FE&HE% e %} gs?igﬁé,atgﬁa(tnﬂuoroacetoxy)mIane,

trimethylsil tr| l*'uoroac
tris(trifl umtmwetwyalaml p)haenyﬂ’rhaoetoamaae q:;hanvldxﬂhdaty\ymcetaxysim'deane,

tri(trifluor oxy) Si. | ane thyl tri fl 0X e, io
net goxyt ri (toﬁ?lf'\f %%%?S%ﬂﬁ"ﬁgﬁgphﬁ%’hc&% H" %ﬁ\%ﬁi@g {/ g'nel ane,
t et raacet oxpsniaamthyl{ﬁ:lmbiyfdlﬁlmé@e()tﬁéth?lﬂ%cetoxysnIaneethyltnacetoxys|Iane
phenyl di msts?ijlit et oxysi | ane, | di et hox ane,

acet ox
phenyl acet o hYlHareoripaReme af ogtrgnethyls ane, eth ){tnacetoxysziane

pent anetihyl dﬁn@tﬁﬂﬂ%é@x élIa‘ﬁéaaﬁt»butoxyd1acetoxysﬂane
met hyl tri acet oxysi | aneet hyl triacet oxysil ane, net hyl t r| acet oxysi | ane,

met hacryl pxqthenﬁﬂpxm%qelt@fyéﬂara s (trimeibesbiynsionsie,

di bonzyl oxySrioREab A facdlehedth bk RTBE ﬁi@‘yﬁ?ﬁf'@ﬁws&‘a&e

bi s(trinet h9(3@0}(31“mﬁtsﬂgrlaeaemb&twwmtww{mth)aameﬁbwsﬂane met hyl si | ane,

rietiyl (tr T s SR PR TAHE, DA e R8T BaEEr oxy) si 1 ane.

20 phenyb di phemyidi(ioilwmretbiHy))aceioaystiahkane, (pe ntafl uorophenyl)d

et hyl acet ?péﬁ%af,uorophenyl)dImethylacetoxysﬂane
phenyldimethyl(triflucroacetoxy)silane, phenyl(triflucroacetoxy)trimethylsilane,
(triffuorophenyl)acetoxytrimethylsilane, phenylacetoxytri(trifiucromethyl)silane
1,1,1,3,3-penta(trifluoromethyl)-3-acetoxydisiloxane,

25 (trifluoromethyl)triacetoxysilaneethyltriacetoxysilane,
(trifluoromethyljtriacetoxysilane,
(trifluoromethyl){(irifluoromethoxy)diacetoxysilane,
methacryloxytri(trifluoromethyl)silane, (irifluoroethyl)triacetoxysilane,
di(triftuoromethyl)diacetoxysilane, di-(honafluoro-t-butoxy)diacetoxysilane,

30 dibenzyloxydi(trifluoroacetoxy)silane, acryloxytri(trifluoromethyl)silane,
acetoxytri(frifluoromethyl)silane,
acetoxy(trifluoromethyl)dimethylacetoxysilane, (frifluoromethyl)silane,
di(triftuoromethyl)silane, fri(trifluoromethylisilane, tetra(trifluoromethyl)silane,
(trifluoroethylsilane, di(trifluoroethyl)silane, tri(trifiuoroethyl)silane,
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phenyl di met hyl (trifl uoroacet oxy)sil ane,
phenyl (trifluoroacetoxy)trinethyl sil ane,

(trifluor % acet oxytrinet hyl sil ane, )
phenyl aceﬁgxgw t?| fluoronmethyl)silane 1,1,1, PCT/US2006/035303

3, 3-pent a( bk 6@&1{3{& ihné; @gﬁbﬂﬁiﬁgw shé?ﬁ@{b‘?&rlf@é opropyl)silane,

(trifluoronmethyl)triace oxysi T aneet riace
(trifluor ortﬂttnnyO)rownoaglﬁllanysﬁetraﬁnfémr@pmpvlbmianenet hyl)(trifl uoroneth

(011 or ot et BRTserPRUIRRDS, ANk PbrBVBIBRRY ) &' § Scet oxysi
| ane, di - ( nerakbfivoroisbplopyDsilang| wtre(lmxpfiidreieprayl)siane,
di benzyl Oxy?r{ﬂﬁjt rifl oroac

X | . —_ .
acryl oxyt r i EPFARYEY )&4@?‘1"1}‘{. (??K‘)Pg‘#%'?ﬂﬁé{ﬁ%? Jugfiorebytyisiialey onet hyl ) si
| ane, acet Qéwéﬁrrﬂddrwtwgﬂbhw }rmuaﬁirh&thwo;tﬁh@w@d ki,

(trifluoronethyl)silane, di trlfluororreth S|Iane

tri(trifl udhm §>ﬂwl)ameth@>@‘zsﬂ%aeb r‘frl(irrf@@r%ﬂ%thml}m?ﬁwow&ﬂ@ne

EHI(Ilrlu? o ‘ﬂc{rs m%%ﬁ@%ﬁ%@@%@%&ﬁ%sd 23806/ 035303

tetra(trifl( trcﬂuoe:tm@'thy&dlhwtmxyer(met (tiitearpmepyi)ristherysilane,

tetra(t o T OBHERYapBIn BB Sl G R ER S b Bens, .

?i EheXﬁf | u]getra(smfnromcpmhaw)blmm (trlﬂaorémeﬂgd)eumyﬁmpr opy: )si |l ane,
. t ,

ai (11 11 vordbugs ey dRbostaf: tifustpaptvPresiaiehs. | °"°

tetra(trif |d4@|riﬂf@#(§mbﬁh§'|)8i®i’®ox§/§ﬁdn@ HRtFE0SoMEthprosidyenars, | ane,

di (trifluoronet ﬂvw)dl nmet hoxysi | ane

i (tri f] L PRI PRTRBORORIANS: HRBICTomBthALTsIRTPRRISIEIoxy) Si | ane,
t
(triflug Oﬁ{two}gﬁ%@ﬁg%dgﬁlﬁmgaﬁdé' frirRuLeRRI My )isE ST s, ane,

(trifluoro
di (tri fl uorteirafitifiucraiseppaygsianee (ritudrometiydisaprepdysians, hoxysi | ane,

tet trif | t I
(i1 ur o MBS P fane. GlbbigRt uoﬁﬁhe%f*éﬂﬁ'?ﬁ%i'xy?f‘leane
di (trifl uor(mﬁBbmmetdyMIpbeMWSIahenéi(tnﬂuoromethyl)dlpheny[sﬁane

HIHMES A R R R

di (tri fiouor(ﬂﬁ@bmdnétﬂyl)@igﬁémprpwﬁyi)sﬂaﬂe

t trifl th
t relt E aEIt ri ]9 F%ﬁ%rﬁ#&ﬁ@ﬁy?gwﬁﬁﬁgyﬁsnlane (triflucromethyl)phenoxysilane,

(trifluor Oggriﬁaxsrarﬂéﬂa mmbﬁ&@asaggﬂér@aI(tnﬂhbxrdniétﬁwmwyé]%@nyI si | ane,

(trifluoronethyl) dlﬂ | si |l ane,

(trifluoromet y!)(methylphenoxy)sxlane

(trifluoromethylydi{methylphenoxy)silane,

25 di(trifluoromethyldi(methylphenoxy)silane, (trifluoromethyl)(cyclohexyl)silane,
(trifluoromethyl)di(cyclohexyl)silane, (trifluoromethyljtri(cyclohexyi)silane,
di(triflucromethyl)di(cyclohexyl)silane, tri(trifluoromethyl)(cyclohexyl)silane,
(trifftuoromethyl)(methylcyclohexyl)silane,
{trifluoromethyl)di(methylcyclohexyhsilane,

30 (triffuoromethyl)iriimethyleyclohexyl)silane,
di(trifluoromethyl)di{methylcyclohexyi)silane,
tri(trifiuoromethyl)(methylcyclohexyl)silane,
(trifluoromethyl)(cyclohexyloxy)silane, (trifluoromethyl)di(cyclohexyloxy)sitane,

(trifluoromethyljtri(cyclohexyloxy)silane,

26



(trifluoromethyl)triphenylsilane, di(trifluoronethyl)diphenylsilane,
tri(trifluoronethyl)phenylsilane,
(trifluororgsfybaLemt hyl phenyl)silane, 20 PCT/0S2006/035303
(trifluoronethyl)di (nmethyl phenyl)sil ane,
(trifluoromethyl)tri(methyl phenyl)silane,

(tri f 1 uor oRBTHYPAMERYIIEYPigReY °>{Vt)$”?‘f‘?uororret hyl ) di phenoxysi | ane, d
P(trifl uor (g} H?etlﬂfl}(fﬁ?ﬁ&]t&é%bﬁl@ﬂ%ﬁan@ rifluoronethyl)

(met hyl pheno |'u oronet hyl )di (nethyl phenoxy)si | ane,
25 di(trif Km&nwnmeﬁw!)ﬂdmaﬂwlwmml@xw Neane,

(1111 bor onl Ry SR RIS g stene.
(trifluer odﬁtr‘ﬂybu)ometl(lyﬂ}obanmétbwyyo!méwrmay)sdamc{ thriitfiflucooroatholy)s)iahsd,
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cycl ohexyl hﬁﬁétﬁ?@igtrlzl(16rro'eEHddc%s‘Hﬁﬁ%{)’h’ﬂa&ﬁ/}’(ﬁlfl%%étﬁéyw§ﬂalr%“e

(trifluoroneth | ohex

(trifl uer omathgtyfiuoreeihexyiaibang, oephdditritumsosthery)vitaEn07/ 033075

PCT/ US2006/ I
(trifluor o%@&@u@n&rﬁé%@g :IEH.h Qﬁ%@?ﬁ@iﬂ?érﬁé%poﬁ +%c())r/2)?rlet ﬁ;le) di
(et hyl cyckivhethylltdftydreptapoay)siléne, |méthxdtrr(bmnphmcrpropoxy)s{1ane
t hyl l.oh I il 5 .
e 1| vor SR MR e R e TP ieDPoxy) si 1 ane,
Ej ri (: L I }‘ guﬂrﬁéf? I(Hastar 60 fotstpropdXg idirhé méthyidi hexafumesisoprspsty)sies,
imethyldi(tri

th
trimet Byl ( sty SF‘r mm&%@t’r%ﬁ@: mgtyidirentarhenyisiARgt hoxy)s i | ane,
met hyl di (t pidihyhe; ﬁfﬁéﬁf@%]ﬁﬂé@@|méfﬁ§ritbérﬁéfltﬁ3¥dﬁﬁény9§a%bhOXY) si | ane,

dIITEthy|dIEtI’If|UOI’O€thOX)SI ane, trinmethyl (trif ororrethoxy)sHane

to methyl ( rimethilérantatisrgenvartansrmetiyiid wrpmaﬁmr PoeRshSiIPeR! ane,
methyl (tri Héﬂﬁ{s&%@{ ﬁiﬁemm@ﬁ% Hﬂél%@hbﬁeﬂﬁﬁtﬁf&r L HRIRRRPRShEA) fbilaRBE

trimethyl (tr I Opr opox .
met hyl tri( hmtt@f[dp@otaﬂustqmmpoxybp@neanm,thyldi(pentaﬂuorophenoxy)sﬂane,

di et hyzlod' (:llme lldl( rﬂaﬁt? EBH&MM aﬁg,%ethyl[(trifluoromethyl)phenoxy]silane,
methyldif{frifluoromethyl)phenoxy]silane,

dimethyldif(trifluoromethyl)phenoxylsilane,
methy{undecafluorocyclohexyl)silane,
methyldi(undecafluorocyclohexyl)silane,

25 methyltri(lundecafluorocyclohexyl)sitane,
dimethyldi(undecafiuorocyclohexyl)silane, trimethyl(undecacyclohexyl)silane,
methyl[(trifluoromethyl)cyclohexyllsilane,
methyldi[(trifluoromethyl)cyclohexyl]silane,
methyltri[(trifluoromethyl)cyclohexyl]silane,

30 dimethyldi[(frifluoromethyl}cyclohexyljsilane,
trimethyl{(irifluoromethyl)cyclohexyl]silane,
methyl{undecafluorocyclohexyloxy)silane,
methyldi{undecafluorocyclohexyloxy)silane,
methyltriundecafiuorocyclohexyloxy)silane,
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trimet hyl (hexaf | uor oi sopropoxy)sil ane,
met hyl di (hexaf | uor oi sopropoxy)sil ane, 15

met hyl (pen‘tvgfzbd%?lﬂgpenyl )silane, nethyl di (pentaphenyl )3%@%@;)36,033393

met hyl tri ( pent aphenyl ) si |l ane, di et hyl (pent afl uor ophen

e e AR e
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me ri[(Lr e e

met hgl (pentwww[gtﬁﬁ'éWB @ﬁi é{ﬁéh‘l‘ )ﬁ&ﬁp?pent af | uor ophenoxy) si | ane,

20 di et hyl mleﬂ*@'ﬁﬁf(’@mhmmﬁsﬂm&w‘téwl@ﬂﬁsﬂane

hyl fl h ph | a
ﬁ% h§| Ejl(f{u‘ij'f‘%% Wﬁ%’é’ﬁﬂ%ﬂ“} eﬁ@ ﬁfﬁh@wiaﬁ:ésﬂar@p hexanetaydiEipxans,

uor onet hyl )o&ﬂﬁ@ﬂ?&ﬂ@loxbﬁé‘%c’ca(ﬁﬁ &Hﬁﬁ?gﬁ@ﬁéﬁéﬂéoﬂfﬁéﬁﬁﬁ?&%}aﬂé ane,

met hyl di (undecaf | tor ocycl ohex

met hyl tri ( ﬂaﬁw&mma&w&w@aemww»eﬁiulm@tnsrioxane
di met hyl di (44 C#&[?ggtvﬁneie&ﬁ%%/ é))eﬁ'teln%’cﬁy[cyclopentasuoxane

trimethyl (un cac
met hyl [ (tri ﬁetraeih(y}wclhgdtt)aswam&eWht]aethymyeippelmiasilwdade

E)E E)HBI lh P! g@%{ E\%ege})agfcicﬁnﬁg%lgk clé%ambthy cyc éh[a'sh&ardef hu
di met hyI dl [dédan‘ﬁéthylbwmidmyééﬂoxarh@thbﬁwld&m&oxysﬂane

ﬁ,{jgg} PﬁLE (()\%rl M ij’@(yélfefl ime%‘\élllsﬁw ﬁgﬁg&@éﬁi%eth&ﬁjsnyl)acetylene

uor ocycl oheﬁfésda@wm@‘o NdisiBkénye tdctatriflubbneapihiHgiioxaa¥c! o
hexyl oxy) si | an 007/ 033075 PCT/ US2006/ 035303 di net hyi di

(undecaf u@ﬁ@&%f@ﬁéﬁwmﬂ%aﬁq, frigtiifluaremaihyl oy elpirisiloxane,
uor onet [y )@%ﬁ{tmdﬂn@p%/hégc% oxy IIQ Ehé!étQ%EﬂLﬁr?meth i()cyQE etras;loxan

i[(trifluoromethyl)cyc tTi1fluoromnet ﬁyl)
cycl ohexyl oXyd gixtenge thageof.

dimethyl di [ (trifluoronethyl)cycl ohexyl oxy] sil ane,
hexanet hyl di si | oxane, octanethyltrisil oxane,

octa(trifl uo0&&Et hyl )Hreﬁesﬁeldcexarrmles of mmmwmta;mhg arameLinds in Formula

?:aﬁ g)r/rlet Llyl ;5?%{ Itﬁlﬁ'lg / ng? r'S’fﬁéﬂf‘% ‘?ﬁ‘y‘cg% %i&‘lﬁ%‘ggﬁ oxane,

t et raet oyl cigtrholetyi@sictatraioxams néteasthylbwystbpaskans | oxane,
pentamethyleyclopentasiloxane, pentaethylcyclopentasiloxane,
octamethylcyclotetrasiloxane, methyliristhoxysilane,
vinylmethyldimethoxysilane, vinylmethyldiethoxysilane, trimethylsilylacetylene,
bis(trimethylsilyl)acetylene, methyldimethoxysilane and methyldiethoxsilane.

25  Tetramethyleyclotetrasiloxane, 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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i o hexanet hyl cycl otri sil oxane, octanethyl cycl otetrasil oxane,
decanet hyl cycl opent asi | oxane, vi nyl nmet hyl di et hoxysi | ane
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pent anet hylc%_cl opent agil | oxane, pent aet hy] cgcl opent asi | oxane,

oct anet hyl cJ&lIVEDRINes(1PhFaAyabadtefyneanstInd Rusacindhe film deposition

vi nyl met hy @Bt orpes s A8 praduI O BiTYE HheSRPIUStdraA i container (12)
trimethylsilylacetylene, Dbis(trinmethylsilyl)acetylene, .
net hyl di netheyg hasieliverd lire{h3) taitee Hapeizeanwangg14) by a variety of

Tet r anet hyl n rasi b , ' SLd . .
di met hyl di nt%%ﬁﬁﬂg%g%,l@g&aﬂgﬁgﬁtﬂpgﬁn@%fdgﬁtréﬁgaﬁc; %Jf’ﬂ;/‘ﬁgﬁfethgrcé’“tr%”s‘? with
preferred faningsiegdsy uséef g8 emobanidakpemping mdetanism,[d18%89)] fekd, ar t ypi cal
chem cal v . P process requiring at least 30 two

Rl LRl

precursors ral methods by which the conponents can be
conbi ned. Referring to Figures 1 and 2, such a process is shown. One

precursor (e, a cyclic alkene) is transported from g contai ner
(1), thr ougfﬁagg:hem' cal t'?)eefY%?fiﬁﬁltli‘%égq@%'%f’Wsar (BaPoriSHEPN FORIFNS)
housed in thgnpdlrd) ilgpaSIE i tdRberakie, oriNRARIES YHSRENERH R or no
transported fromthe container (1) 28 W0 2007/ 033075 )
PCT/ US2806/ 98380t be NapeiiAedtardt §dniredyced inedhe shemical Maperapeessadine
means (3 |t ; | J ; [ I, ded to,
b essur i varehe SR RopSheer REH ey el Rl tRforRfr dYdns
mechani cal ¢hesivatyenbefiendFusing epparajus eesimilar deiesrieaat tcoinfuselgaseof .

transport ed rEEE GspBriber viipRlis FERrE R0 F RO p b et ool °
delivery lines (13), to a vaporizer neans (14) housed in the film
deposi 14,0 1ob8fi (M Vheis ThEotSH90 Sobd B i R UeRRabE I8 PR0L LERLI O™
one vapotrizer means (3) attached o a chemical vapor process line (8), it is
also possible to connect at least one vaporizer means (3) directly to the
deposition chamber (4), optionally connecting one or more additional
vaporizer means (14) to a chemical vapor process line (5) or directly o 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] ldeally, 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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through the delivery line (13) to the vaporizer neans (14) by a
variety of techniques, including, but not limted to, pressurization

of the CO%S'z%fog%@Ih o an inert gas, use of a mChankﬁ?)UFﬁ’HWé%

mechani sm  gravi :feed, or conbinations thereof. [00
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, at room :
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vapori zer Yihenghe 8yo atacactursl ata)sel*sparatelyi cﬁa;henseﬁdhrqmgbmaisgléivgporﬁ&)r, it
[ I ' t . t _one vapori zer,, neans.
Gireotly | GoRhe Sl ARERERR L maRY ot R R Shus 1y BOHILEVEHE one or
nor e addi tiawaf one preeutste thraagh she dvemitsl @Iio&qﬂinéé(h%/@ﬁ% é"a?@%?ﬁ

: itionally,

line (5) or directly to, the 25 deposition chanber (

2 gas. del | DERYS (et BEJow gt F oRapId PBEuSE AHEEIR e aER T o t he
deposi 4 ondaRaRbRTe (14) to fhe ﬁab@rf?éﬁﬁéaﬁsr@? wiBouM@PelitF e ARRARN S 14)
or gas deljvery lines (g%1 are connected to a chem cal vapor process
line (5), R ER¥AEANEHARGIOWPDR BESUrSahliays isnecondmsesurser, apthat i s

optional | Yreﬁéélatﬁlggéi sfé_ﬁsﬂ?ﬁl ﬁ%%%il’é& %Pye? %%Pﬁéd.( ?T'ée R?@celsg%géb g deally,

separate chem cal delrvery | nes and - vapori zer ans are used for
each precuiRely dapspgert on the idmpueserties desired. wo the eventdbatornipobe

vapori zed ' | : i [ecursors are
chon cal |y ESReemBRRd (L BRR AEalR R RtNeE Aot PRI AR eRo
29 WO 2007/ 033075 PCT/ US2006/ 035303 precursors are conbi ned or
separ at el y.di.spensed_t hr ough ortion th chem cgl delivery |ine
(175 Lo TREsIEoor | Ter Mgt ¢ Ping B direlenhprechiabis Puandh setrdte
conbi ned peHedficaldings ROUIVERLIEST, m@nss B@WRable gre@uEeEr flbw FAE forkizRAess
sinply involves their conbination in the chem cal delivery |line (15),

5 fol | owedBGUFADERR BRGETPI APPHED-BhéP BritillsBaningte: hEhe drerizser

neans (3).means (3, 14) serves as a means fo 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 (8). 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 ancther.

The chemical vapor process line (5) is connected o the deposition chamber
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When the two precursors are separately dispensed through a single
vaporizer nmeans (3) t he sequence to di spense each precursor could

sinply inv of one precursor through the chem |
line (15) glod/‘?jrqe vapori ze means (3) followed by flow o lgggéedéﬂ\é%@y

pr ecur sor through t he chem cal 10 delivery line (15) to the vaporizer
means (3) witéhinsige thgim ﬂemﬁltm &oer héﬁ iang s;qbstratee(ﬁélaimusbd withirethe t o

fl ow one Preg t hese
steps unti l HBeagée%?Iﬁée H\%';@Zr I'S o&ﬁ@%ﬁ%ﬁég@@ ng cﬁ@@ﬁmﬂ €@P%%hol | y
dependent omarchdﬂaesﬁme (5)omay eetdpesatde st awbient prassareefi.ent760itatr), ot i ione
vapori zer

he s cond, vapori zer an )., 1.S not
nebded. . 15 ook T i ie. ke PR Rihas e FoReho bRl Puls
through sepaabamemoctbermcc@rhhéndeaﬁap@ﬂﬂatmmrtm BfedliRRS and t& He?%bg the
precursor flow rate each precursor can range from abou lto

r

about 10 nmLPRAGHIRES '”ﬁ%\?‘@&ﬁép P3g8- neans (3, 14) serves as a neans to

convert liquid precursor to a vapor or 20 mist, and it can use

vari ous technlq%hj such as heat, high pressure gas, or other neans
Is t

to acconpl i ¥ d§ﬁhom¢tb&wﬁarst@oeybyrmem@bdulnélre addhal the,  14)

t
whoh an 1 EEABABLRlCH! eienCuaot MECUIEUR o Bl e RBRR oo
froma IIIOqU|pCDCleeS shawmbhpo) candla@bjromrcwwpmon todido depasitirotoo,apor i nto

th hem cal d th

means. (3, - 17l h U6 Bt Rl ioh B pIoEHEY o SRSl e AT d 1o

gaseoutshstaﬂrre!umWanahe apba@u@siihﬁf affdﬂ:tthwmw@@felamg dRENg, c_(r3_ 1:1)d
inthe c ecursor is injecte

in the for Ia@?]bé'?ﬁ?aﬁgg gp‘r"ﬂqg tF‘ﬁtS%S We%??@ﬁr”&%f'rr\? 63N RAEBYES | i ne

(5) that isnhegngeaiitsheaiivthdehyaen MY 76t & Rad a@wta cotfiin QOr%tO

prevent the precursor vapor from condensi ng i nside the line g
M xing 16f heeqloases sorharohpidraliey Riespurarauiibetion; o a Hleovesr ﬁa@m

vapor pr Oceﬁ%trrﬂrﬂté‘ﬁaét{é)ov thé uﬁééé@lre?mﬁféro?)%‘e %%W@H&aﬁ@?e rop

deposi ti on chanber epen I ng ere aporrzer
14) are | oc&b&gioal rapqreﬁ'petﬂwemeom@alarﬁpom@pcessnm Fhémough a\mﬁfdﬁd

o071 033075 i eRIGERFEREEh Hhertt & °5¢41@9§“994"3§“§%2m39%8}$‘3r%r
(11), and stiesgasasearé Gpssex hmtne&nirbsiratbl(ﬁ) inltke 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 generai example, the precursor vapors are fransported
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 sccm fo about 10,000 scem, 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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deposition chanber (4). The deposition chanber (4) and chem cal vapor
process line (5 may be operated at anmbient pressure (i.e., 760

torr), bUtWétzﬁdfﬁ’f"%’?gr s?ocommn to operate bel ow at msphggk&ﬁpﬂrgﬁégﬂ}s

fr om about 5 about 700 torr, to enhance v I'on of

t he precur l@@@? r t hase.
[0064] It ?ﬁ%ﬁ?‘g@gﬁrﬁjﬂ%@? 'ood Iggeg&ﬁaﬁ%&o?dr?et ﬁg_iar%?&g hgt t he

connect i on stieemisdiailbpide; hydiazine araibthe like de esBangenide (depoaitign pPhecess.
deposition io process chanber (4) can vary from deposition tool to
deposition tool, depending on the requirenents for the process. For
exanpl e, d§306§is mayAs thegbraderseavamars aapransganieddo tiesuladifade (6)f he

m Xi ng, tin di stribution of es W.thin the

oyot e 5 Thdi Py B8 R one s dre deh Ao B 53RERST ne
gases, a hegatad cnbagcd s HERdsifAsOo the SAEtIaRg The eeddants nepobe gases,

achanber to allow pressure e i bration, or a ho rheadto
distri buter‘%ﬁ‘é‘é%%%%aﬁ W@”Qﬁ?&géo‘tﬁ ox, (hgyregY bpe YIrSCHEsA! £ or

exanpl e, E%@rscﬁé‘@ﬁ&?éé aM AR, Sinfih@ATedHs, %mgaé:ky@ézo@@hegess l'i ne
(5) through a baff m xi ng apparatus, throu a heat zone and

through a gltehelhesiarspkeiones, ﬂ'ﬂ@%e@afh%yhﬁﬁ%@ﬂ%’mﬁﬂ@esJlb@t rate
(6) in,phhe, é%tfé)é‘?r%ﬂfﬂggﬁfec@@to% ncé the Qaddifioh Iaﬁ%r%%(rt&'f he

de5|gns tha are aval e mar and thelir va y based
on need dr isubsirdlg, arddopnaditysibe cmlamlmtdamns/ aneprdpsdicsisddhe byey i n

Vapore. ar o PAMEHGTTR e sk TR 18 R fk Tb< P be ) BEL TR ime

( ]{)) ; g ]E lhg d_eﬁbﬁna;rgoei (12) by wshibas m&ugﬁgﬁm nandswaﬂbeat;c(ré)r? ?ZZ ?hrcgzssaam
ios guppl i e\éyl Pﬁg %Ogﬁﬁﬁé%& e&ﬁﬁﬁ )ﬂg té?ﬁ@’e”iq)ﬁ‘ ﬁoaua%@ ety y
line (8) ttble fﬂhﬁdi@ﬁ‘o%itlo\ﬁata@lr('lm W&ohs R, B it Whdd betrieRassf tgas,

having a flow rate of about scc 0 about 10,000 sccm is 30 often
heated to @ﬁﬁ%ﬁﬁ@dd@BB?[|WT‘éW Heaps i fb?é’é‘ﬁ?%ﬁﬁe Hgif E¢qrtpials 3re he

precursors ub@d t AR aY!éﬁiBFnaiWé%%ﬁzerT ﬁ%aﬂ@%r‘@%@%e hife B8Rk inttéElicad

mtrogen hel i um or ar gon, chosen S np act as a neans to

transport terctartean tedriacarhpear the pohé V@@rﬁtheeﬂ@ dediveivt lineel) beeets
reactive g ggeg'g Qai%pgf%%%@ss A48 I'(@) ups?tflea\ﬁpoggg\%&%%f the vaporizer

PCT/ US2006
20 means, direcily 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 ool
(11).

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

25  gases may also expetience other conditions used o 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 subsirate. 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 medify the chemical identity and properties of the layer

deposited onto the substrate. The plasma may aiso be applied over a range
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anmoni a, nitrous oxi de, carbon di oxi de, carbon nonoxi de, SiH4
silanes, silicon tetrafluoride, hydrazine and the |Iike to enhance

t he deposi SS [0066] As the precursor vapors,
transporteéi’(?Eb ?Pl%ﬁsubstrate (6), 5 they may be m xed W(?’f{ﬁszoosmsasos
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eposition onto the, substrate e_react ants reactive gases
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am nes, argRaks Aok aﬁd 5@6&&40@|\}meéenﬁém§tenamrwwﬁo tRgters,
ketones al dehydes, car ox%mc acids and t . _The to reactants

are car ef Fubpiraiel ddhesatibsaermanbe l'teﬁiéecbfé%s'ﬁbtopbﬁ %ﬁ tcpﬁlé@ﬂr@r Gi? t he
substrate, cﬁkﬁfﬁ%} t r t he
| ayer %dep(@lg{j c%&er@gfr{x%l af)st rate. h%@géére%ctﬁ%%# ggfgéa)t% %‘l ﬁ\%y%fe

i nt r oducedisiedtto enhandd thendegpepition of precucssir onlihig sblstatei dinseantaths and
at various_l,ocations th [ QCesSS, [ on the desired
effect. |tm§t§nﬁ,¢§satre%h@%s'jﬁcgﬂﬁo§§h ?‘ﬁﬁ‘%%ﬁ%@ﬂg(?@act ant 15 into the
filmdeposition tool (11) in gaseous form so it would be necessary
to have 3an ditio apor,i nmeans in the case where.liquid

r eact ant satgf'@& used%ﬁﬁY‘%{gﬁ"tﬁrmﬁoﬁi%b?ﬂ?ﬁg 'Fre%ﬂ‘fgth“ﬁs heil8 gel i very
l'ine uged drepdribs OQéWBe%djdsﬁa%%@ﬂie Shticesr RAHAE SiliBeREohdMIMI Nt Wnere
the gas delivery |ine (8) meets the chenical vapor procesi_s‘{l i ne

upst ream &OW gt thedyclis alkaee eRIRPYELe AN HNeEEMQ! laak PEYS § El‘ﬂoé'sor
near the ég"rewhere on the sides, top, or bottom
of the fll% epo %Pgﬁﬂ%]a er (4) of the fllmdep05|t|on tool (11).

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

reactive 856 5€S %lésé‘#l he B &%rﬁ[ﬁpc?%qo%k%ﬂr?@Hﬂ%ﬁlzﬂ%a@%@d to

enhance d pos ion, eat or ursor vapor
may belspr edubidobet fooa CIhrmg/\ﬂep dbeuturing s@rmmdapnbisotbe300picybe to redify
cont act vviththhe substr tet t he

f
precur sor £-SriNBHENSIHRRY § 3@"931&\053@2’%@0%9?1[@%@0@h‘ilcﬁn i I8 add ener gy

to the pr Qﬁup@ﬁésgaﬂoa§fzmﬁldtr@m¢tanm@|dohﬁ; Gmstenaad viafous Athért i onal |y,
t he pl asma nay gu sed gn and off to change the rorg.‘er%rgraﬁ‘ﬂof t he

deposi t ed FfrPP%ﬁ“e?H e HBmel NSRS $1SNF 188Y HAMRIFHA ¢ &l y

sel ected tg @A fh%ﬁ@atroheof%apﬁfréugmoﬁé of PRidUEeRtifg FfeaPB JUBR as hot
substrate, "and to nodify the chemcal identity and properties of the

| ayer 20depRialiescovanst tirarrs lenmst pricrownes)| Akeraaivg)y.4he SUBRY SR i ed
Over a ralgmprise 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

33



32 WD 2007/ 033075 PCTI US2006/ 035303 of frequencies, where the high
and | ow frequency plasma power may range from about O to several

kil owatts. Irate may al so have a bias of bet 0 and
about -400W§g§,07®g}623nhance material transport to the \Qﬁg@t”?g‘{%gb”?‘ﬁe

bstrate b eated from a i ahout 500, C t ei t her
Cates (her o B o Bsiiretior Urepised REE Jra\iRe cobBeael, Buflis be
used to enhq{é‘a@sbﬁ&ﬁ?ﬁ@%ﬁh% \re RESSAHES A a@ﬂrdq?ﬁ-pﬁu@éd gR&EboX to
X

Unreacted materials are exhausted through an exhaust |ing (10).
[0068] The edrevdHteaposwiedesidveaiiioss apres belorg theRKPEHTENENENE I1m i o

properties, %I%éﬁe : ' T il i

cont ai ni ng %Eﬁ%ﬁg’ e %y@%?%#\g?ig%‘gc@rﬁ%%%gé hgﬁgv‘tﬁ heﬁogggal{)?v?rack
of use ofs vathe cosrserafdcsdoppdy asestoi the chataines being, sgalmbat arghigst quent
to the fil migir%%%?rition, the initial filmmy be is subjected to a
curing step. 8uring steps may al so be enployed to nodify e.g.
the density or elenental conpositions of the filns to change film

properties s s filmstrength, dielectrjc, constant vVald

Bt hor propdrEE"or  SRSTHIFF e tebSetrrh s hERARRs S or a
thermal treajdiRdtoft?y Hdifs aPSihiuldat iaebolefaté® dbcdpeaigin eoriitiinsy Atfiepus
heati ng nmeans such _as hot 20 plates, ovens, infrared

ens | anps, or .
mi crovavés. APEXPRETPURIGS comBleiRiayolRips e 6aApH ?g@oaiedvez@rfgmoved in
treatment, OfacnGhedBrhabmbeRALEER He ﬁ&?ﬁvé[hirillglgle'gbﬁléésitiéﬁblrdtﬁ;cﬁsfr eps

may take place in an Inert atnosphere (e.g. gases), a reducing
at nospher e (remgingt/kieligan The exigpd pbdesarerosition: oafesiuedPinalipn. was

at nosphere ( : |k ' ] Laxdide)
dependi ng. 2e5seyiEd 85 Eoniisiing P REpe B eyl Serifit BEPedh i O3) o)
processes arie romssosfithe dontairndndefore thmexpationentt dheniiffrestd betmgenrihe he

A e e e e e e
condi ti ons agak&sbndEbis. Whie massof treeaddithabivhs zeistracied butin ghkda réaudt.
N these tests: ofly onreatheths Setihbodiion fiat Sbilhe BRI TS WassHas
muttiplied by 20 to give the amount of solid that would be found in 1L of
sample.
20
[0072] Results 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 (g/L)
Comparative 1 80 Air None > 3.00
Comparative 2 60 Air Nona > 3.00

™ Comparative 3 80 Air 700 ppm MHQ 061
Comparative 4 80 Air 50 ppm MHQ 221

_'éomparative 5 80 Air 25 ppm M_HQ 263
Comparative 6 80 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.

34



WO 2007/ 033075 PCT/ US2006/ 035303 50 nmL of stabilized or unstabilized
NBDE, |eaving approximately 15 nmL of headspace. The sanples were

prepared i ggaopdhpgen- purged gl ovebox to prevent exposyEsbhediosssos
adventitious gases before the experinent. The headspace of eac

contai ner was then purged three tines with roomair over s the course
of 5 seconds prior to the contai ner being seal ed at anbi ent

pressure. [(0W78] Sanptissmperiant incrpte s yaaotzsr mgans HpPiGRbEUSRd Bdher
80 Cfor a ' ; ' ’ Iskbi on
condi t  one. *RFIoeRduSbr PRLSAVES dBriedlVaBb RS RORRpCatEASIMRRTE, D
each anpoul &emsascomreemeans of Maparization daut tlrpampunieftiane ihal chamicahe

non-vol atil e deconposi.tion pr t, | ' e f
deconposist [ 5?19’,'66 r‘%@%?"ﬁ%%@%ﬁn%%%&% Fo@aﬁi&m}gg Se?%?‘ln@% %%/-&g]gnp@r%mﬁ%@t he
nmass of thgpfeﬂmwémhmm@tm 4 be heyi_ﬁleeaz;ti_mfg][neribd, we:t;aedem@ae' djﬁteﬂéhe

cont ai ner fore e experiment. e differenge n 5

nmasses i s t %“t%ﬁ‘f){ﬂ‘?t‘)'ﬁ‘%ﬁé% sﬁr???fweﬁ#é‘ts"t?e@g%ﬁrt ?&%ﬁr, tﬁ%?%si%‘ﬁ%}éé)

;mde_r thOS%eﬁ?it‘ié’&l id ARRlerkheds@msp&itidnhaapaidiht bveurnvder sukhriasgerd out
0 give a resu

J that only represents the deconposition that .
occurred, aR@nedreoftimale.faPneyesar) Hiing SHRRRg %@/gg’@rﬁ‘&? ﬁ‘{h}@ Cgﬁ@‘%lmunt
of soli gmt h%%ior‘é\@tus be found in 1 L of sanple. 20 [0072] Results
outlined in"Tabl'e I show that for pure NBDE, a significant anount of
deconpositi on was observed when it was exposed to air for 24 hours.

0L L OGRS | S Sk cBpagnnies
Conpar at i ve stabiRerare efered, 3hdactuebopmentration BeaRdAs @ fir@halpreeVHQ
0 O PRl s e T AN SR AT b, 0, 2%
Air 25 ppm MeRxdntdbBions 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 botiom 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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25 When stabilized sanples were exposed to air, |ess deconposition
was observed in all cases conpared to unstabilized sanpl es. However,
there is i om for inprovenent. 34 WO 2007/03307
PCT/USZOO@?ééggﬁgﬁ:10073] It is inportant to note that?gg%%%mwmkmn
means typically used in the sem conductor industry for chem cal
vapor deposition applications often use heat as one neans of
vaporization, but the ampunt of tine that chemical s resides in the
vapori zer neans is conmonly | ess than one second. The tests

perfor med aBpveXimate BXRos2Ue o RdvestiUsEipe Al Gantairas Wese sealed Ao t est
the limts stry in the presence of a stabilizer.

Furt her, the&%letnpgre\%\gg? desi gned to accel erate deconposition that

m ght occur over much |onger periods of time (e.g., one year) durlng

shi ppi ng an rage f th h a

the data ab ugges %lﬁg“ﬁ%gngé?% L&)&Dr?gé%ﬁi |%ér§§t o%Of%@gyﬁl zer are
preferred, bbmcﬁ@ﬁimhomgm@GMWiaiel aurehkestdd detesmpositiore chaditione Aftast ween
appropriate_stabilization of e _higher 1s :
concent r at i SRSRPEMSPEEE CogP %ﬁdﬁ\e g’if’gf‘qsdﬁ e@PF‘ @F%Wﬁ[e gymoved in
potenti al 05&!@&%%0{%%:’?\]3@58&&9 aptiahe hbﬁ-@blat:b&ﬁcbmﬁobﬁbnqnud@t@e | ef t
behi nd (where |l ower concentrations are gref erre%%[%g’ st bal ance

bet ween t he remaingd baindp T hedxignt qf depemaogen ok r HB WaS to 50

ppm of stab Lbi}/l”b WhsdsSorithe &%@i@n@ﬂhﬁ@ﬂ‘m@% griflepedent
on the typeH% &@[ ag h820 EXAIVPL(I:ES 1-4 and Corrpxgr ative

Exanpl es08- te mpamsfpemogammbsierﬁ the eyperiraants e differancs bgtwesn the
e ot p oS FRRTROR! the S dlins BF Bltorhdich e desLfie i thodfitic HASHS

gases in th sence ventitious air". 'In these
tests, glas mmmudmsns\eﬂ'hefmadsemf thevadtiitiegpe sUbtaciey osbtongive s FﬁBEbE

stablllzed th Q | r Jmt YA
headspace. Qg'r{ﬁB R&rm& aﬂgﬁﬂgaq%cn? roggﬁ]dgn‘%gggpm?%%g 5
to prevent expgied®yin ladyientid amoanigdseld thet woeld bdriouexgerliloeht . The

headspace of each contai ner was then purged for 30 30 seconds with a
purge gas uSPAW® tube that extended to the bottom of the

[0077] Results outlined in Table 2 show that for stabilized NBDE, more
decomposition was observed for samples exposed to “adventitious ait” 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 a0 Nitrogen No 50 ppm MHQ 0.01
Comparafive 9 80 Nitrogen Yes 50 ppm MHQ 0.35
Example 3 80 cOo2 No 50 ppm MHQ 0.11
Comparative 10 80 cO2 Yes 50 pprm MHQ 0.76
Example 4 80 Cc0o2 No 50 ppm MHQ 0.00
Comparative 11 680 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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contai ner. The purge gas was bubbl ed through the sanple at a rate
where bubbles constantly rose through the Iiquid. Sonme sanples then

received ely 2 nL of roomair in the headsp
contal ner TIRESG0Y, 033075 PCT/ US2006/ 035303 apprg(fe”ﬁ%z"&“%%ﬁ":’

exposure tog (E‘?ﬁh!e”t bgg@i‘ﬁggé caﬁ'éon%%%%éieéawt% lﬁﬁ%hﬁgaﬁaled

anbi ent press Fes Wer'e then éxpose to tehperatures of
60 or 80 C _fuodeaneﬁ areospekref subh dsonitregerg tisatrane aveparged|(be.aftede

deconposi tiogn it Af t th I I

Do artves | RPest BRel b Goitan b Entshll af SRR WL tn, S0P RORE Bk fmebalien ..
ansl t the pogwgﬂaﬁ daﬂttﬁe iR G el by@m ﬂ?@@l@%&biit@ﬂﬁﬁmﬁhib@hl pudged tvith
extent o ec osition e forma , S et

Compari ng  HGIGREa0 GMPYe SbeAGUETHERUS Pir G hféeqxé%“@?\r%% LA
mass of thetﬁ&ﬂé@téﬁﬁérshﬁépér% ﬂd‘!?ugg@l?%ﬁa@t pu dith herceeds bewaen
the two masses is the anount o econpositlon at resulted in the

sanpl e undebut pHENS W'Hh@ﬁ?lc‘@ﬁﬁ“’qﬁ@ aﬁﬁg@dﬁira{%em,qﬂr GRéls
subtracted qub 0Gh e if g%’gkgehﬁée%f AhitiGR gsents the

deconposi tion t at occurre final mass was multiplied by 20
to give the anount of solid that would be found in 1 L of 15 sanple.

[ 0077] 3 sults outlined in Table 2 for stabilized NBDE

mor e deconpositi on was observed fof "'sanpl es exposed to "adventitious
air" for 24 hours than for sanples that were purged and were free of

" adven£ i tio§80Zalr". Dioe pravpesdrsHBDE, stabdizad mathsHomemtaiMHQad es
D Oet R E o ORRE yfphend PR PeRLIS et o
(glL) ExamptanldsSstedl tomaiear thootdh mc:hbi@o@l ddliveGolirpaices heate8 80
Conpar atiFve VaPREHAGE AIEH e BEER MRS BSsa ooEi e AL 28002 No 50
m MHQ 0. 11 chemical vapor process line that is heated to 80 °C and fransported 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-DEQOS) 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 fo 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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Conparative 10 80 C02 Yes 60p mMHQ 0.76 Exanple 4 60 CO2 No 50 m
MHQ 0. 00 Conparative 11 60 C02 Yes 50 ppm MHQ 0. 39 approximately the

sane or | 859 zﬁ(ﬁ%gmé)si tion than those exposed to nit r9g?§320%§%§r

air was prese or "absent. Additionally, |ess deconposi

experienced at a | ower t erature (i.e. . hi gher one
GPe oo agtussor oS g r et e ket o 8RR TS RAT F om

t Pi S V‘ﬁ Carpr@@ﬂﬁrb#dﬁa@p{?@kimdt@m:%%ﬂm'ﬂsmt?d adJ%ngaEpllTéﬁb g?sndmtuﬁerier E
at nosphere, such as njtrogen, e_not purged (i.e., SE . .J0S
likely to CORPEFhOHRIRSHE wasor}%i%ﬁéf- e 51“5&*&%? i3 E}e%E‘?BéPﬂgﬁc@ with
deconposi t i pg skt 8f 0f5 Ve f Acarididoddaasiiiitl dxdetfillei eiebssited

stabilized. Containers purged with 5 nitrogen to renove any

advent i t5i oun thpsubgieateiusigythese RaNElPRSss deconposition than
containers that are not purged. Finally, purging with nitrogen is
hel pful, but purging wwth CO2 can give an added desirable effect of
reduced degradation, even in the BKaKEWERT of adventitious air. 10
EXAMPLE 5 [0079] The precursor, NBDE, stabilized with 50 ppm of MIQ

and purge hi-h CO2-r ' i Edadbld s HaWaver ggsur e,
froma stgtlﬂ%gss stg!g“g %’%ﬁﬁ@?%@rﬁ%ﬁrﬂgﬁ #éaeggrllﬁmg%a”del ivery line to
a heat emh i scarbgroddpest siliconeoXitiefiin i teeated by mpeshdenpRitigf eWindsBeP.i s
vaporized ipato.a . C .Gal Q ' [ dto 80 C
and transpoﬁ]eef(g%}% agﬁgélggﬁt\rﬁg? ehuﬁa%gﬂg@glegfg@rﬁ Q?‘Erga@lg%ﬁa{é?oxi de as a
transport gasmstrtialit aleof tay NERDE paseyqur tbakrenaiteindhafilg. Tbistredbuenhg

transport to the substrat he ecyrsqr. v d.t port gas is
m xed with tMP‘PP@{/\Q'B?S %6@3&%@%\%%&@@iaﬂa‘}ﬁ@??‘%{eﬁ%%s‘;o“fsﬁ%;’ proportion
of approximately 60% M DECS and 40% NBDE. This gas m xture is
exposed to a plasma power of 250 bstrate is heated to 150 C
with a Eubstrate bias of -15 VDC. E r doped silicon oxide film
is deposited on the substrate using these conditions. 25

[00382] 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 mixiure 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 fo be removed are expelled out of
a vent at the top of the container at a rate of approximately 250 scem for five

minutes. Once the container is purged, it is sealed at ambient pressure. The
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EXAMPLE 6 [0080] The precursor, NBDE, stabilized with 50 ppm of MIQ
and purged wth CO2 is transferred, with the aid of helium pressure,
froma 30 stainless steel container through a chem cal deli ver.;’/sgl i ne

to a heat eWAAPUIPYSEr at a flowrate of | nnmin. The pri&d{lf2H/0p$03

vaporized into a chem cal 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 37 WD 2007/ 033075 PCT/ US2006/ 035303
pr ecur sor resufing raatgrialrindappurgegamniaingriix ededia take fdvowlibhs TMCTS in a

roportio L QX % % : LS gas m xture
Ps pexpos58‘9‘{%%@%%‘E@%@%@EFIW%W@?%%%Iﬁ aefn-elt-Jh 'S %eat ed to
150 Cwith a substrate bias of -15 VDC. A carbon doped silicon oxide
filmis deposited 5 on the substéﬁéﬁ@ing t hese conditions. EXAMPLE
7 [0081] This exanple enploys th Wi Exanmpl e 5, however the

i o carbon doped silicon oxide filmis treated by a post-deposition
curing st {0a4] The fTHenpurgednsteddlized witené2ondasitib@rasndegcoiged irf or 4
hours to renov substanti al | of ,the .NB oragepn th remai ns
"ot he 11 EXATYIR & RTRESE. Rkpt Hobine inipagr S eeael tgRt PPSU R ner fitm
Wit Ih a l ?E]%Sdieelw :rek;g!tiﬁgmrselit@néél.in r11153 @?@b’ﬂ’i@ﬁn&id@ﬁlﬁ@éedr to malee(_mlmpl e

enpl oys e, process, in anpl e 6, howevyer the carbon doped silicon
o e i1 S Breitio To et iae S s RS o T S 111 m 1 s
anneal;gd at 425 C under nitrogen for 4 hours to renove 20
substantially all of the NBDE porogen that remains in the film This

treatment typically gives a sliBXK&MPLEilhner filmwth a | ower
dielectric constant. EXAMPLE 9 25 [0083] A stabilized cyclic al kene

conposi ti eangsy Pr eprHpubd atsHingd MdHdoddidsitonlds dedetibell MBDE. The
resulting mxture agitated until it beconmes a honmpgeneous sol ution,
and it isExaERigRiEgde Prest Babihpgantinerds pHrgeskisiag &4 nelrdaTner
used f,9r e, &Y ONHNG hitehidIGWEd MurgBl bOhtalRr RE&dd® 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 materiél 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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the container, the conposition is purged by passing CO2 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

t hrough the conposition, and the purge gas and ot her adventitious
gases to be renoved are expelled out of a vent at the top of the
container at a rate of approximtely 250 sccmfor five mnutes. Once
the container is purged, it is sealed at anbient pressure. The 38 WO
2007/ 033075 HCA14§2006/ 035303 resulting material in the purged
container is used to nake low k filnms according to the procedures
described in exanples 5, 6, 7 and 8. EXAMPLE1O0 5 [0084] The purged
stabilized al-kene\ stabifizst ayclimalbenedesprsibedcimprisibganpl e 9 is made,
except that %Q%rc%ﬁggkpegk&%sggrled under 5 psi of pressure. The
resul ting materi alo i the purged container is used to nmake |Iow Kk
films accor dit kgsttone bhtoxidaac athyornad dekemugl), i n exanples 5, 6, 7 and
8. 10 EXAMPLE 11 [0085] The purqed stabilized al kene conposition as
described in Exanple 9 is nmad&, exceptRshat the container is purged
using CO instead of 15 C02. The\resulfing material in the purged
container is used to make |low k f revaccording to the procedures
described in exanples 5, 6, .7 and 8. AMPLE12 20 [0086] The purged
stabilized al kene conpositRom=a$ yoet-PmBlanpl e 11 is nade,
except that the container is seaked upder 5 psi of pressure. The
resulting material in the purged//container is used to make low Kk
films according to the procedurgs deschkiped in exanples 5, 6, 7 and
8. 25 [0087] Wile we have shoWi and delcri bed seWeral enbodinents in

accordance with our disclosu it. 1§ to.be clea u r st ood that
the sane are sué’g?bet“? F@I?‘@%ﬁﬁr?ﬁflbﬁge@‘?ﬂﬂﬁlé’és prg gﬁ{&?@eﬁn@a Cltl’le 1%8d
in the art. cydiedRYIOCECs WRead DraithedMos Bydiie ab@xY bitilbethuted of NBsuBSttaiel Sryl;

shown and described but intend to show all changes and nodifications
whi ch come W€hin the scope of

wherein said antioxidant compound is present in an amount between about 1 ppm

T8

and 200 ppm; and

wherein said composition is purged with at least one gas selected from the 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 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, 3-
methylphenol, 2-methylphenol, 4-ethylphenol, 4-propylphenol, 4-isopropylphenol, 4-
butylphenol, 4-sec-butylphenol, 4-iso-butylphenol, 4-tertbutylphenol, 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, 3,4,5-trimethoxyphenol, 3-
40



30 the appended clainms. 39 CLAIMS 1. A stabilized cyclic al kene
conposition conprising: one or nore cyclic al kenes, and at |east one
anti oxi dant conpound of forrmula (1), RA RS R3\ / OHR2ZR (1),
wherein R through R5 each independently is H OH d-C8 |inear,
branched, or «cyclic alkyl, C -Cs linear, branched, or cyclic al koxy
or substituted or unsubstituted aryl; and wherein said antioxidant

O o1 & BB eSO ATH o DEINEL T AR nchal DR i8I P

and wherein sald conposition’i east one gas sel ected
fromthe groethylpendi std qigridfutylhiel-dibmgrongemzenar gon, krypton, xenon,
radon, nitrogen, carbon nonoxide and carbon dioxide, after said
conposition is introduced to a container intended for storage or

shi ppi ng of 4sai dThOGIRSIsitioddS cldim Iheh@EaARHE iahiiidBf carh@iufdl 1s at Mgy @ien
said gas is at |east og§ gas_ sel ected fromthe _group consisting of:
hel i um nit FOPReFRd selegeh i bk ergup sonsisting pbA-aetbasyabenos 1,2rhe

conposi ti on 4pdfohbdizdre, YRGEGkiYI1. 5 Aldshyaixy BN bn EOFROAi51 AL | east
one conpound selected formthe dgroup consisting of. phenol;

4- et hyl| phemsthylhengtet hyl phenol , 2- met hyl phenol , 4- et hyl phenol ,

4- pr opyl phenol , 4-isopropyl phenol, 4- butyl phenol, 4-sec-butyl phenol,
4-i so-butyl phenol, 4-tertbutyl phenol, 4-nethoxyphenol, 3

- met hoxyphedol , Zhaeainhmsitiohefickim 4-elidieix ygil @nidxidant composition is present in an
2-(1-nethy|buté%§phenol, 2-tert- Eut%l-G-nethylphenol,

1, 2- di hydr oR5BEHZEREeN 3bo! 4ipPindp B0 )P BRBnol , 2, 6-di-tert-butyl - 4-
nmet hyl phenol (BHT), 1, 3-di hydroxybenzene, hydroqui none,
3,4,5-trinethoxyphenol, 3- 40 et hoxy-4-nmnethyl phenol, 4-propoxyphenol,
4- but oxyphefiol , Fhecampopitioniebsigim &, Wiasein pig hetienidangegmposition is present in an

6-tert-but yéﬁ&mﬁb@@x&%ﬁ’%’&@(%@éﬁﬂ% 26bp Jhe composition of claim3,
wherein said antioxidant conpound TS At | east one conmpound sel ected
fromthe group consisting of. 4-nethoxyphenol, 1, 2-
7. The composition of claim 1, wherein said cyclic alkene has the general formula
CuHan2xyRy, wherein n is an integer from 4 to 18, x is an integer wherein 1 sx <n/2, yis
an integer wherein 0 <y =<2n-2x, and R is at least one component selected from the
group consisting of: C;-Cyg linear, branched, unsaturated, or cyclic alkyl, C-Cig linear,
branched, unsaturated, or cyclic alkoxy, substituted or unsubstituted aryl, or a substituted

silicon containing substituent.

8. The composition of claim 1, wherein said cyclic alkene has the general formula
CuHan2x42)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: C;-C,3 linear, branched, unsaturated or cyclic alkyl, C,-C,s linear,
branched, unsaturated or cyclic alkoxy, substituted or unsubstituted aryl, or a substituted

silicon containing substituent.

9. The composition of claim 1, wherein said cyclic alkene has the general formula
CoHan-0x+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
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di hydr oxybenzene, 6-tert-butyl- 1,2-di hydroxybenzene, and
2,6-di-tert-butyl -4- nethyl phenol. 5. The conposition of claima1,
wherein said antioxi dant conposition is present in an anount between
about 1 ppmto about 100 ppm 6. The conposition of claim1l, wherein
sai d anti oxi dant conposition is present in an anount between about
100 ppmto 200 ppm 7. The conposition of claim1, wherein said
cyclic al kengolpasntiBgngaanel-als iR bladche R AfeddDeyc IWNEER] O,-0,5i1Riea]
integer from4'to 18, X is an integer wherein 1 Sx 5jy2,”y Is an

i nt eger whertsdnghel, unsptizated pxcychinalkmey, substinitedserunghstigisadoylepra substituted

sel ected fr%ﬁkEHQMﬁ%?§@§F§§$ﬁ5ting of: C-CI8 linear, branched,

unsaturated, or cyc | -C15 linear, branched, unsaturated,
or cyclic al koxy, substituted or unsubstituted aryl, or a substituted
silicon contai ni substi.t ue .8.. The conposi Li of, claim1,

vher orn con dly el e PR Slahd. BBReARE it Rerecn i b3 soymprge
wherein n i scefted RHROABE glolip BdRistiAg 8 dipentefie, MhellHIRAE! diMWREIPRhTAdNHS, alpha-
is an integer wherein 0 <_Y <5- n-(2x+2), and Ris at 1east one
conponent sdfieEERd cpmnpyrieRaeng lignyees Aphapinege, Gt carqe. Ermnalengergrbomene,

pranched. UnStdAlag ﬁfil?gl%)f/—hbr%o@ehéﬂ and SSctishedd NgbomehE anched,

unsaturated or cyclic a substi'tute unsubstituted aryl, or a
substituted silicon containing substituent. 9. The conposition of

claiml1, wherein_.said cyclic kene has. t he, genperal f.or nul

Gron: { 2xeaytly Ry TERREPET G Bl 1y whBBirkh B FS 0 HRang S5 Ve ane sommmoyad
wherein X2, sylettsd 86m thd 5008 Eodb@he bl dbestede, phBHdnd¥ehd) dicRMheMadiSna ilpha-
| east one conponent selected fromthe 41 group consisting of. Cl-Clg
li near, br ad®@RBg0e. gAEBRUFRINSHc, Himaages, plohaiblaene, Jegreegteripdene, norbornene,

branched, u %?Joﬁ{aﬁieﬁg,dﬁ{?igﬂlﬂo'&%lﬁéd@a% 5-&H§1§&eh&-§¥rﬁ%&1§en‘é§%ﬂﬁ%}e§&ﬁ'Eeﬁ&'

aryl, or a substitute con contal ni ng" substi t uent . e
conposi t i on apfioxgdant perapount éy &ileassaiedompomdseldciedin thegroupaassisimget: 4-

compound sel ected fr ] roup consi sti,ng .of, .di pent.ene :
phel | andr ené, e%haol L “8% 21 hzi é;'%?f ene’ 33736ﬁ’aé-"tse{té]?"g}dgle%gglyglg%ql?éenrep?nﬁezn%fi -
| i nonene, alt@hbutpi-femehylgeaal ene, terpinol ene, norbonene,

nor bor nadi ene, 5-vinyl -2-norbonmene, and 5-ethyli dene-2-norbornene.
11. The conposition of claim1, wherein said cyclic al kene is at

| east one cqQEPOUROme$6H & RFilE M dyBE: ASHDHEANShE doRGriving 4HAiRE A 185e.
phel | andrene, dicycl opentadi ene, al pha- terpinene, ganmma-terpinene,

| i monene, alophantiixiiapeconmpopad ehlermule(Bi nol ene, nor bonene,
R4 Rs

R? O0—H

R® R! .
wherein R through R; each independently is H, OH, C,-Cg linear, branched, or
cyclic alkyl, Ci-Cg linear, branched, or cyclic alkoxy or substituted or unsubstituted aryl
to at least one cyclic alkene,
wherein said antioxidant compound is present in an amount between about I ppm

and 200 ppm, and
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nor bomadi ene, 5-vinyl -2norbonene, and 5-ethyli dene-2-norbonene, and
wherein said antioxidant conpound is at |east one conpound sel ected
fromthe group consisting of: 4- nethoxyphenol, 1,2-dihydroxybenzene,
6-tert-butyl -1, 2-di hydroxybenzene, and 2, 6-di -
tert-butyl-4-nmethyl phenol. 12. A nethod for stabilizing a cyclic

al kene, the nethod conprising adding at | east one antioxi dant
conmpound of for myl@inglsdid aﬁ%f@ant Egnﬂodnd Q’lcﬂm it aflikede WHE Eﬂb%t &e 1nert
through RS each independently is H~ OH, -C5 linear, branched

cyclic al kygas selected flopmidegroup camddtiag of: chehmycmqou, fagcbmkyypmn suiost natlmt, ed
or unsubsti c er ej

ant i oxi dant 51(%1%%%1 %Eré!m mogoﬁ&e ér{%ac;%%]bog%eom E; a)iter sa d 17} 1%XIg%16u?m1101151§ 9 3&}1.(&
200 ppm andyck2 amengamgntﬁﬁlucbdautalcomd@ﬂhtemmeu Eldra@él dr SappanCyfsaide

al kene with at | east one inert gas selected fromthe group

consi sting 6T PHE%Mum neon, argon, krypton, xenon, radon, nitrogen
carbon nonoxi de and carbon di oxi de, after said antioxi dant conpound
and said cyclic alkene are introduced to a container intended for
storage or ihi pptgmethod af daime Brjybeiett il gapds attenst onstdap eelestedchiem the1 2,
wher ei n sai 1 Ser: p

consi sting g?gﬁﬁgkﬁﬁﬁéoﬁﬁgﬁ&nQHﬁO%: Egﬁﬁﬁgﬁggffé8g%%%8%?%%ﬁgdlOX|de
14. The method of claim 12, mhereln sai d anti oxi dant conpound is at

| east one npound n1the rpup. cansi stin pheno

4 oot bl oheri T i e SLERLY. ottt S HRaRER raphd AURaT o !

4- propyl pheE@hpouﬂdb@@c@éd)ﬁthﬁhe@@ép cdmlsbﬁgyﬂ mﬁpu,m&hﬁgﬁerﬁutsyl phenol ,
4-i so- butylphenol 4- tertbutyl henol , 4-ne yphenol

3- met hoxy phBs&wIph: on -ﬁ@@b}h@?@ﬂ etl}y]@bm)ﬂpwgﬁﬂphenol 4lisopropylphenol, 4-
2- (1- et hyl b - t N -methox o
(1-met hy i%tg héﬂ?@%&'c b ?y dél-l%ﬁ&l 4*? ul%ﬂﬁl s, '?ﬂttnmgﬁghe ol drmethoryphnol,

1, 2- di hydr oxybénzene, endl tért-
nethylphenoBImihﬂgthwBZdnﬁb@n@kaéﬁﬂéhvgphymi@qﬂﬂnﬂhﬁbmyhpmmmh24mt
3,4,5-trine hen t ho met h [o]e]0) hen

4. but Oxyphe‘tﬁ, EOIX@{ B ﬁiygph(%}@, Ledi di @(qoxyb%%é’ P%ﬁ‘@ﬁ —’bUtgH:gl SO Y RN bity1-4-

6-tert-but yineﬁayﬁrh&id]YHHWXMm&hﬁdIexybkﬁzen}'h@deQﬂe Gt 4, Sl &thddyphenol, 3-
wherein sai g hg)p)}-ér-?ﬁ(elﬂg qmenglo ng?o%ggyﬁh%nc?lt 4 k)gt%)sqs'ph%noi 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 one
compound selected from the group consisting of: 4-methoxyphenol, 1,2-

dihydroxybenzene, 6-tert-butyl-1,2-dihydroxybenzene, and 2,6-di-tert-butyl-4-

methylphenol.
16.  The method of claim 12, wherein said cyclic alkene has the general formula
CnHanaxyRy. 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: Cy-C3 linear, branched, unsaturated, or cyclic alkyl, C;-Cig linear,
branched, unsaturated, or cyclic alkoxy, substituted or unsubstituted aryl, or a substituted

silicon containing substituent,
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conmpound sel ected fromthe group consisting of. 4-nethoxyphenol, 1, 2-
di hydr oxybenzene, 6-tert-butyl-1, 2-di hydroxybenzene, and
2,6-di-tert-butyl -4- nmethyl phenol. 16. The nethod of claim 12,
wherein said cyclic al kene has the general fornula C'HZ'"_Z" yRy.
wherein n is an integer from4 to 18, x is an integer wherein 1 <x2,
y is an integer wherein 0 <Y !~2n-2x, and Ris at |east one
conponent sejzect agheifPItdTR1aiHNOURL&GORSAR AT Denebhs e Beddr1Fmula
branched, unsaturated, or cyclic alkyl, Cl-Cl8 |inear, “branched,
unsat ur at ed,Cibben-@ysiBe whttktnyis agifdeger faameTitool8, 8 asarbistegenwletein kyFn/2.gi is
a substituted. siliGon. i bst,$ uent . T t

ot m 1, widiihe S EO T B R Rl g bl SR TR0 Bl e
CnH2n- ( 2x+2)grytigyconvkitigas NCRChdinear, bahager udshinmt&l draydll; alkylSCRO 5 linear,

i nt eger wherein x, ~2, [ an_integer wherejn O < Y "' n-(2x+2), . an
Ris at |eastaBhEh dtpbHeter Sl BRaR. Fr eoT FrYEE eyl o %ﬁ%eﬁmte
Cl - C18 |i neaflicoRtansingd subvisahpir ated or cyclic alkyl, d-GCs linear,
branched, unsaturated or cyclic al koxy, substituted or unsubstituted

aryl, or a substituted silicon containing substituent. 18. The

met hod of cl@i m rel i 1 c.-al e

formata C B ( 25 pRB AR S, EMGh Sa ORIRAD bR 8RR Bormyute

an integer Whébeha B, wieries iaan intapeefyen MhdBet iv a0 intedbr whbrais £ 26042 )y,is an
and Ris at .|l east .one gonpone sel ected fromthe rou onsi sti

o Qe c1e ITRER e b i S ARG % S thpr pemBoie T st G
l'inear, branedpednsisipadruCatedinehr, Biatied, @skiated SWRSHd dIMHEO0,-Of; linear,
unsubstituted aryl, or a substituted silicon containing substituent.
19. The net HRIchid, anwfuratedor Gisle alkaxys anbptisyed eramgyhetied asylaer 4 ihsftuted

one conpounqﬂmggkgﬁﬁgglgﬁ {e group consisting of. dipentene,
phel | andrene, dicycl opéntadi ene, al pha- terpinene, gama-terpinene,

| i nronene, al pha-pi nene, 3-carene, terpinolene, norbornene,

nor bor nadi ene, 5=Vvi nyl,- 2- noy bor,pne .and ,5- et hyl i dene- 2- nor bor nene
0 Tho et ok ok etied SR AP e R Byl Wienf LA G 0 RR e
one conpoundelested 6inate Elo0pcbibestigs ofl @ifanse, Pheldhdedhne, dtREpesadicne, alpha-

phel | andrene, dicycl opent adi ene, al pha- terpinene, gamm-terpinene,
| i nonene, al'PRACH:: §EREA-1QPHLAS @%mfg%ﬁbﬁewéﬁﬁﬁfh%?%@n@ﬁ%wﬂmw,nmbOHwn@

nor bor nadi eRgrnopralcAk! s-AnfI0s REiBBARne, a4 sSuBHIMJ. iRpsoduAOr borene,  and

wherein said antioxidant” conpound i's at | éast one conpound sel ected
fromthe group consisting of. 4- methoxyphenol, 1,2-dihydroxybenzene,

6-tert-butylyl, 2.4 %q{oa)@fgﬁﬂ%?ﬂ,%he?ag s%d @Szaic'alkene is at least one compound

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 wherein said
antioxidant compound is at least one compound selected from the group consisting of: 4-
methoxyphenol, 1,2-dihydroxybenzene, 6-tert-butyl-1,2-dihydroxybenzene, and 2,6-di-
tert-butyl-4-methylphenol.

21. A stabilized cyclic alkene composition consisting essentially of:
one or more cyclic alkenes, and

at least one antioxidant compound of formula (I),
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tert-butyl-4-nmethyl phenol. 21. A stabilized cyclic al kene conposition
consisting essentially of: one or nore cyclic al kenes, and at | east
one anti oxi dant conpound of formula (1), 44 R4 RS OH R3 -0-0-H R2
R (1), wherein R through R5 each independently is H OH C-Cs

| i near, branched, or «cyclic alkyl, Cl-Cs |inear, branched, or cyclic
al koxy or substituted or unsubstituted aryl; and at |east one gas
sel ected fromthe group consis Ang of . ;helium nitrogen, carbon
nonoxi de and car bon di oxi de, a i1l said antioxi dant conpound is
present in an anount between abvut | /ppm and 200 ppm 22. The
conposition of claim2l1l, wherei rod\gas is at | east one gas

sel ected from the group Cﬁﬁsis i ng of} 'g*gggﬂ and car bon di oxi de.
23. The conposition of clal'm 21\ whergfn s ti oxi dant conpound is
at | east one conpound sel ected ¥ he group consisting of. phenol,
4- et hyl phenol, 3- net hyl phenol ,/ 2-met hyl phenol , 4-ethyl phenol,

4- propyl phenol , 4-isopropyl phep4 hyt yl phenol , 4-sec- butyl phenol ,
4-iso-butyl phenol, 4-tertbutylphenol, i-nethoxyp nol ,

3- met hoxyphenol , t

2-(1- et hyl but yi Y%%‘E%JF%Z"B‘%’%?? Ea"h @?ﬁqu F iy e linear, branched, or
1, 2- di hydr oxydheniahd;-C lthed, bxaacltedmncwblmmh@iy orzl,ﬂ&rnmted @runsihstifptedpryl;
net hyl phenol - di X nzene

S i e methoR el SONRE o R R o XA bR piopn catbsr

4° but Oxypheﬁ@homae ﬂt&haﬁmlcﬁm&o@ bmﬁwhmﬁlhyidmlﬁﬁﬂﬂﬂant aolpound is present in an
6-tert-butyl-1,2-dihy dro§%g Eﬁﬁg 54 The conposition of claim21
wher ei n sai AMAVHLPERTGR AR 20RpEp- | east one conpound sel ect ed
fromthe group consi sting of 4- met hoxyphenol , 1, 2- di hydroxybenzene,
6-tert-butyl -1, 2-di hydroxybenzene, and 2,6-di-tert-butyl-4-

met hyl phenok2. 45T12%00mmé1t1@@ epelgim ? brivhstein paid gasis at lapseprg gesseleeted from

ant ;gghga%g%%g%h&ﬂlg’& REGE& o cfibof BicRRUNT between about 1 ppm

23.  The composition of claim 21, 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-isopropylphenol, 4-
butylphenol, 4-sec-butylphenol, 4-iso-butylphenol, 4-tertbutylphenol, 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, 3,4,5-trimethoxyphenol, 3-
ethoxy-4-methylphenol, 4-propoxyphenol, 4-butoxyphenol, 2,4-dicyclohexyl-5-
methylphenol, and 6-tert-butyl-1,2-dihydroxybenzene.

24.  The composition of claim 21, wherein said antioxidant compound is at least one
compound selected from the group consisting of: 4-methoxyphenol, 1,2-
dihydroxybenzene, 6-tert-butyl-1,2-dihydroxybenzene, and 2,6-di-tert-butyl-4-
methylphenol.
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26. The conposition of claim 21, wherein said antioxi dant conposition
is present in an anmount between about 100 ppmto 200 ppm 27. The
conposition of claim2l1l, wherein said cyclic al kene has the general
formula CnH2n-2x-yRy, wherein n is an integer from4 to 18, x is an
integer wherein 1 < x2, y is an integer wherein 0 <y !~2n-2x, and R
is at | east one conponent selected fromthe group consisting of.

Cl - C18 | i nears, b%@Qbﬁgomﬁtﬁﬁﬁtc%ﬁtﬁdwh&’ém%ﬂ'dnﬁoﬁtlaﬁ'}iflcom@sugrﬁs tR&R N
branched, unsat urat ed, cyclic al koxy, substituted or unsubstituted
aryl, or a s@@@tquﬂlheé‘deenﬁbpmcloﬁ?%mbaﬂwQQg?PslUbst ituent. 28. The
conposition of claim21, wherein said cyclic al kene has the general
formula ClH2n-(2x+2)-yRy, wherein nis an integer from5 to 18, xis
an integer v%ereiTr]nexﬁmp%iﬁim ofateimitl eghercintserdaintiofidant gomp@itidnlx pRpent in
and Ris at |east an onegﬁ seleébgd fromthe group consisting
of: O-Os I134Egpt UIOREREUP 2PRBPBr cyclic alkyl, O -C18

| i near, branched, unsaturated or cyclic al koxy, subst|tuted or
unsubstituted aryl, or a substituted silicon containing substituent.
29. The conpdsi t?lfé\ﬁ C@mpeﬂltmrm fziimgH evberpingaideyelci kenediek b eerrial forpula
gener al for h?ngx ys ex(eg'f%"ﬁ)a Xtﬁgger%ﬁ‘[é?tonlg % i8h i Qrgﬁﬁer%ﬁangénﬁ y 18
18, x is an integer erein x% I's an infeger

I ~2n- (2x+4) anamdgdﬁwtsrem 0 Ifeastn-an@nd@rmehbm osetcenmcmdntfsebmeﬂ Iﬁem the oup
consi sting of CI-C bran unsat ur af ed o

G a8 1§ medrour TRl Canuderaraaist Baaeih e il L Ef Gl
or unsubst i thgreted ipdaturgted r ajmﬁ:taﬂltdxt/esﬂabst&uﬂeﬂ 6P Mns0bdHtRENARY or a substituted
substituent. 30. A stabiljzed cyclic al kene conposition conprising:
one or nor e SUiFeR FRNtAINETRRSITUERH 46 at | east one antioxi dant conpound
selected fromthe group consisting of 2- (benzyl oxy)phenol,

4- benzyl oxyphenol , 4-benzyl-2,6-di-tert-butyl phenol, 2-(2-

but enyl ) phegl , Z.h(’: 40mp@$iﬂnbé‘w@h)2@h@h@bm saxcyclic alkene has the general formuia
2,4,6-tris 7y on al ositi.Q ed

2t 'l east | one RSB TR e ot oy B ECTRRR i GRer MR e s
neon, ar gon ankitygdr orherexeaty, <P@@x2), ahd Rogeﬁcascamdommpmmxeldﬁetaﬁdm the

carbon di oxi de, after sai 0Si S introduced to cont.ai_ner
i nt ended forgr@tpo‘ioaﬁém’&o gh&ﬁgr E’i@“@?fid“r%‘ﬁ%%di Ficyric %@Yl (2\ YEretIWS%}?
of formng %raln@b{&f u@é‘aﬁﬁ@cé@@%ﬂﬁ@@l@oﬁ}b |sht§s€lﬂ1t&?<é%sw%nﬁtéﬂlhl?§lt 64 Kibsti@d

met hod conprising the steps of
silicon containing substituent,

29.  The composition of claim 21, wherein said cyclic alkene has the general formula
CuHan.2x+4)9Ry, 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: C;-Cg linear, branched, unsaturated or cyclic alkyl, C,-Cig linear,
branched, unsaturated or cyclic alkoxy, substituted or unsubstituted aryl, or a substituted

silicon containing substituent.

30. A stabilized cyclic alkene composition comprising:

one or more cyclic alkenes, and
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providing a cyclic al kene conposition, a first silicon containing
conpound, and a substrate; and formng the |layer of the carbon-doped
silicon oxide on the substrate, wherein said cyclic al kene
conposition conprises: one or nore cyclic al kenes; and at | east one
ant i oxi dant conpound of Fornmula (1): RA RS OHR3 -0-0-HR - R

(1), wherein R through R5 each independently is H OH d-Cs linear,
branched, or cyglibg: &{é%ltioxi@aﬁt%mb!l)ﬂﬁ%g}ﬁa@ﬂ BENGE orodp cE¥sHing ofth KOXY

or substituted or unsubstituted aryl, erel n sald anti oxi dant

conpound i s (pnedexiphanch 4denoderyphtriobr-trarwebrdi-teppmtylplrraoR 062 ppm

and wherein ' [ | kene co Sition,i urged . with at |east
one gas sl LLBRH (RSP BT AMBRG LR 5 S R e, ' argon,
krypton, xemdagein @atdtbrompokition gepurgedcaittba neasDi@dasl ecleunel fean bHerprélipoxi de,
after said cgcch a%kene conpositiggpis introdyced, to a first |
cont ai ner i AYSHHEE OF GPIER-GraGe B SHPIRS: HEOBI 24D HITO8HHGEPPT BiRpoxge and
32. The net gado0hiokida] Meddeid EdHIdIfIn SOMREAREN S, 4 BS itk &ERSeRied for storage or
provi ding said cyclic al kene conposition in said first container,

sai d first shippispaf sagbenmaionitieg. conpound in a second container, a film
deposition tool, a filmdeposition chanber within said film '
deposition tool, and a streamof carrier gas to sweep said cyclic

al kene conpdsi t i amathall sfdfbanih b $dyesof dachon-dopad aliconmexidommpotibstrdid) tiaugh
a connectin ngans i.nto,the fi$n1deposition chanmber, wherein said
substrate i 2°Hio8 SRRESHE eiSFPEAF d i | m deposition chanber of said

fil mdeposition p@eldingCORaRE bk daipdsitibs, SifirsitdicoaCondinGRHoalBRIE ahda
said fil mdeposition chanber within sai d filmdeposition tool;
i nt roduci ngS¥PaP#EsI8f said cyclic al kene conposition and said first

silicon _cont ali nféﬂ]ﬂl Q@Bg%fitﬁg&rb%ﬂi&ggﬁfiﬁ&ﬁ{ oxgt?egoﬁs‘&é gt?rmrat@, erein aaid
transporting sal vapors sai d cycl | al kene conposition and sal
first sili coyelic alkene composition comprises:

one or more cyclic alkenes; and

at least one antioxidant compound of Formula (I):

R? R! m,

wherein R; through Rs each independently is H, OH, C;-Cs linear, branched, or
cyclic alkyl, C;-Cg linear, branched, or cyclic alkoxy or substituted or unsubstituted aryl,
and

wherein said antioxidant compound is present in a concentration between 1 ppm
and 200 ppm, and

wherein said cyclic alkene composition is purged with at least one gas 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 intended for storage or shipping of said composition.
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cont ai ni ng conpound into said filmdeposition chanber. 33. The net hod
of claim 31, wherein said cyclic al kene has the general fornmula C'
H2n- 2x-yRy, wherein n is an integer from4 to 18, x is an integer
wherein 1 Sx 2, y is an integer wherein O <Y "n-2x, and Ris at

| east one conponent selected fromthe group consisting of. Cl-C18

| i near, branched, unsaturated, or cyclic alkyl, C1-C 8 |inear,
branched, unsaturated, or cyclic alkoxy, substituted or unsubstituted
aryl, or a substituted silicon containing substituent. 34. The

met hod of cl33i m Fhe methereif alasais foytbericomatiienthetsteps phie gener al

formul a CnH2n( I X 1S
an i nteger wherein x%né/éy%){(iic gﬁ&%’ﬁ rosgﬁ%n n{]§a‘?cgﬁfs&é_@?&%hé_a?dzﬁr%ﬁﬂ?&on
and Ris at cbetaming(mmp@@mmmnmatorﬁle:loﬁtatr&d afﬂlmﬁepmlorgtboup ﬁdmmislbcgttlomg

of : Cl1-C18 | near an unsat ur at ed ,or c al kyl
l'i near, bré; W‘E]H‘é ‘E&é‘i‘@ OéﬁtIOEWﬂa(‘:"d&ISF{ 0 ?&B@tgaﬁtﬂ%’ﬁewald cyclic

unsubst i t ut %ﬂceﬁé b’ém diftiogt aﬁ&' Bai@l ifitdd s @idon Sdoktdifiap c&rﬁﬂ%@ﬁ MngﬁM&ﬁ&b&tH@m
35. The net hod of l:l)al m 31, wherein said cyclic al kene has th

general f or rifags ingnihe Al zlﬁza%)tm}awar}ib\mwbernmu sgidgnbytiateay dispesed Nvilthm wid
18, x is an ﬂhﬂtdggt‘éﬁum%%ﬁijé} 8%‘%&1d3ﬁh'nsde &nm‘%ﬁmblm eger wherein 0 <Y

1'z2n- (2x+4) nent el ected fromthe group

COI’]SI sting of. Clceﬁk&lﬂg sraﬁhﬁr,st ztndamdmdcbpnwmsattm pad &tn depositivhicha@bdeydithin
-Cl'$ linear, branched, unsaturated or cyclic al koxy, substituted

or unsubst i coif ™ Q?Sltloé’rtoé substituted silicon containing

substituent. 36. inth@uiBk abrof seidalyelSdikentBmpbatisRintl @ychifsCsiiddkene

is at |east one conpound _selected fromthe group consisting of.
di pent ene, SAREFINEEFOBREINGINEY B LFERt £as BFEM; Afdha- t er pi nene,

gamma- t er pi nene, %ﬁéﬁ@gﬁg%ald%ﬂﬁé‘ op%ancf"@ﬁ:hc InER (%ﬁ@posftfgﬁ Rh&0li&# A silicon

nor bor nene, nor bor 5-vi nyl - 2-'nor bor nene

5- et hyl i deneeainprgrompewsl in87saidThie depokitidn diandieai m 31, wherein said
anti oxi dant conpound is at | east one conpound selected formthe
group consisting of. phenol, 4-nethylphenol, 3- nethyl phenol,

2- et hyl phensl , Zhetfytophetialm 34 mmybﬂbemic allkbnt agthe pytiepdl €naiula 4-
but yl phenol , é sec- buh@_ yl phenol , %o but yl phenol, 4- tertbutyl phenol
4- et hoxyph&nbem2xyRy, W F’rﬁ’dklg?ﬁﬁé‘ﬁ?ﬁef SN ORI Sx Y rARBlegerAvharein 1\ oh &8 V is

2- (1- met hyl ByiptdephaBRln 0 2yt ebh2x b 1s6r MRLME BAEPGent selected from the
1, 2-di hydr oxybenzene, 2,4-di-tert-butyl phenol, 2,6-di-tert-butyl-4-

met hyl phenoIgTC(uBHWSﬂtm,gSlchﬂﬁ(}drlmﬁ%@m‘éwéammfdlrat%iui}lm)ﬁbc alkyl, Ci-Ci; linear,

2 ﬁu t5 OE( ;, Ip EEEH o ?ép(@? ﬁl&l‘%{u’m‘{g ﬁEi&?ﬁé%g%xgeshﬁé’dt&h& Qlolknsuélstlmtgcp 8§y Bpg glﬁ)lstltuted

silicon containing subsntuent

34.  The method of claim 31, wherein said cyclic alkene has the general formula
CoHaon-2x+2)5Ry, 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: Cy-Cg linear, branched, unsaturated or cyclic alkyl, C,-Cig linear,
branched, unsaturated or cyclic alkoxy, substituted or unsubstituted aryl, or a substituted

silicon containing substituent.

35.  The method of claim 31, wherein said cyclic alkene has the general formula

CiHan2x+4)4Ry, where n is an integer from 7 to 18, x is an integer wherein x <n/2, y is an
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met hyl phenol, and 6-tert-butyl -1, 2-di hydroxybenzene. 38. The net hod
of claim 37, wherein said antioxidant conmpound is at |east one
conpound sel ected fromthe group consisting of. 4-nethoxyphenol, 1, 2-
di hydr oxybenzene, 6-tert-butyl-1, 2-di hydroxybenzene, and
2,6-di-tert-butyl -4- nethyl phenol. 39. The nethod of claim 31,
wherein said cyclic alkene is at |east one conpound selected from

the group cofisds Wi sﬂ@ﬁﬂiﬁ%ﬁaﬁ'&% heRe gfﬂ% orflloR¥ QBRI AIERE

al pha- terpinene, ganme-terpinene, |inonene, alpha-pinene, 3-carene,
t er pi nol ene grawprchusisiwgef: CiHor bioearadhehed, ubsatimatel -0 myib afkyg &, Ciatigear,
5-et hyl i dene- 2-nar bor nene, and. rein.sai ant i oxi.dant conpound i s
ot | enst  ond ReRRuRaREARL G PR, RuRBbf st Boner LRl b AT plgh s
met hoxypheneéilicod sehtadhiny sitadybgnzene,

6-tert-butyl-1,2-di hydroxybenzene, and 2, 6-di -
tert-butyl-4-nethyl phenol. 40. The nethod of claim 31, further

conprising BEOVi Ghdgefhod 8EARGh 51, lvie@in &?@(&j@li@ laflne £ATRAY e rhfRhnant
fromthe first silicon containing conpound. 50
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.

37.  The method of claim 31, 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-isopropylphenol, 4-
butylphenol, 4-sec-butylphenol, 4-iso-butylphenol, 4-tertbutylphenol, 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, 3,4,5-trimethoxyphenol, 3-
ethoxy-4-methylphenol, 4-propoxyphenol, 4-butoxyphenol, 2,4-dicyclohexyl-5-
methylphenol, and 6-tert-butyl-1,2-dihydroxybenzene.

38. The method of claim 37, wherein said antioxidant compound is at Ieast one
compound selected from the group consisting of: 4-methoxyphenol, 1,2-
dihydroxybenzene, 6-tert-butyl-1,2-dihydroxybenzene, and 2,6-di-tert-butyl-4-
methylphenol.

39.  The method of claim 31, wherein said cyclic alkene is at least one compound
selected from the group consisting of: dipentene, phellandrene, dicyclopentadiene, alpha-
terpinene, gamma-terpinene, limonene, alpha-pinene, 3-carene, terpinolene, norbornene,
norbormnadiene, 5-vinyl-2norbornene, and 5-ethylidene-2-norbornene, and wherein said

antioxidant compound is at least one compound selected from the group consisting of: 4-
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methoxyphenol, 1,2-dihydroxybenzene, 6-tert-butyl-1,2-dihydroxybenzene, and 2,6-di-
tert-butyl-4-methylphenol.

40.  The method of claim 31, further comprising providing a second silicon containing

compound different from the first silicon containing compound.
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