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ADDI TI VES TO PREVENT DEGRADATI ON OF CYCLI C ALKENE
DERI VATI VES BACKGROUND OF THE I NVENTION 1. Field of

WO b@7/830eht i on [ 0001] The present di scl osure rE¢’HUSZI)06/035303

t he present di scI osure lDENIM[ﬁFIVES to cycl iC aI kene

derivatives stabilized wth one or nore anti oxi dant
conmpounds and a purge nethod to- reduce or elimnate
resi due fornatron during storage of such conpositions,

Tk INVEMT¢ONconposi tions to form

di el ectric f| | ms. 2. Background of the Invention
[ 0002] The sem conductor industry requires numerous

1 Yy Pesid of tHdlingeatight hick filnms to prepare sem conductor
devi ces, many of which are based on silicon. The

el enent al corrposition of these filns is typically some

31 Pa | ofhe By S 81{ (a8 bl Gaie aiepe
¢drhpesiticisethas e?ﬁbﬁrﬁatﬁim%/ duriPg’eréSded Siaaled) ﬁforé‘lpartrcularly,

ttrlaieach how | ayers can differ and can be used f

isil @?%rﬂtd'%@%%% dirggieddojayclig slkervetderlmatlvea eab;hzee with

n arbon
e pfmite ShtioXiaaMLAMIATRILAG b e mediVa T el Rt
dmmnatm@smhrerformdtlsm dyringstarageenslioh be@poBiidRsSand S
osition, and_ there are numerous

0
’Uﬁ °Q§ %P‘E?Wﬁ?ﬁcwee%ens toten dieleckia §lpise al
chem cal vapor deposition process, a silicon .
cont ai ni ng conmpound is introduced into a deposition
%hBagkarownthofithe nyentismbstrate to be coated. The
silicon containing conpound is then chemcally or
physically altered (i.e., reacted w th anot her

[000ZPnent TS sertilofal@r iriud) |reéil§‘iré§ﬁur?|%r@§b @E%E%Ythm and

source such as radiation, heat (thernal
thick §ifras teptepsye semicondusteredsyisas, manyl of winich kaze based on

SHHBR! MiHeeleMRRALR! doftb dditidfPof these films is typically some

combination of silicon and carbon with various combinations of oxygen,
hydrogen, and fluorine. In United States Patent No. 6,914,335, Andideh et al.
teach how layers can differ and can be used for different purposes, while in

U.S. Pat. No. 6,846,515, Vrtis et al. teach ranges of silicon, oxygen, carbon
and hydrogen for dielectric films preferred by the semiconductor industry. A
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
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
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constant of approximately 4 in the absence of pores,
while filnms that al so contain carbon (i.e., carbon
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di el ectric constants | ower than 4. Filns with a
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into the filmdeposition tool and the process
'ngHﬂpbyed The film properties can be tuned by changi ng
the identity of the silicon containing conpound by

using a different flow ?aas by using one or nore
[0904] er entTmeaampames;a’sa yesdepgsited ag apuistiaés asichiasn
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6, 756, 323, herel i ncor por at ed ef erence [
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radi ati on and reactive gases, such as oxygen,
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e)?qf{]éS%é &ghgﬁleﬁﬁf ﬁrl%r%te'rﬁ%seél‘:e Hedbe lﬁ ChhhGingUsdftioh ©f

conpounds
parameters or component mixtures.

[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
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
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enpl oyed in this manner are descri bed as porogens.
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6,75 , . [0007] High volune sem conduct or
manuf acturing places stringent demands on the

[0007E]ﬂw pmifigh aomr@ s?:}m@qwductqr rmr%fact&hhblma'cesfsttéhgent
chem stries that w t prou ulp ven
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that ﬂ%‘i/\PfP\%l?g ougeﬁé%ﬁgﬁi%%s EVER trfdcle'ﬁm&lr?@ HsbHe 5m5m'lr?ants

sent t mcal lines and a vapori zer nea

can degpmhe thee propertiessefa depositeddior |Arehetrma1| rtlyataﬂ dehteave
throug ByBmicel s 2N SeRT AR oA 1o GeRLes drausoRrt and
vapoﬁié‘@l@éh@ﬁarﬁd leae il ffle BRNBIEERINEARRY é%&én&éd@ﬁ%at

to clean out chemcal |ines or a vaporizZer neans
The lprgeraupiegestf estuggpent cdn opgrats beweasnrsahieduled ot he nor e

oSBTt Bal Bk s PR B lee P8 Rl E rBSior s
vaporizeranéags tal isrRiuddEopoiegges V\rilthtpcﬂﬁméﬁ@@@éldﬂg) tife more
sem conduct or manufacturing custoners.

producéive it el s, BAYNG diPheesialiestive. é\qdﬁqsmtmn togl that
st S8 1880, 01 LTS ISR REYE Bhplaifo
semidanaiucat manufae’atrm@; owspameze r bhyss eentihiouddrenteridos.
?”6§ 92, 5,882 416, 5,835,678, and ref,erl%nces
opergtiog lisaHIPBEBbS dlesiaplu i aPqrizes Meags gl iBgludgseveral

types%f%%%oﬁﬂétloﬁaﬁﬁgra%%%s ﬁwc’ﬁﬂng q@ﬁﬁ no@hﬁﬂédqulzea:teggz 830

and references therein), flash evaporators (see
vaporizare fseew). S5PaEn! BRs. 66041492 5eB24 16,5836 ,678aadd

referdfcEh 3 BLBLIT BRulotih Medi R RElen NG 4 879 500z

5,279T368% 65, pE1 309, 8160700205 992/83@aHt frmﬁcﬁesaﬂhérélﬁi fash
difficult to achieve. @é)y3rrater|als may oxi di ze or

evapgygtaridpee & BoPatsns Nee §r £yapd :fﬁf@I“Pn%ﬁﬁih’ﬁf%nb@n@ uch
mIS’[lr%%FFI i Iso%r?ggéée R$ SUPLRHNY. 8 40 26 3548 54 08 $43! S5

and references therein).

[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.

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

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

car bon and hydrPQEDNS2006/035303
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[0009] 1,3,5,7-Tetranethylcyclotetrasiloxane (TMCTS)
is a representative silicon containing conmpound which

wae 2007logsoehphemindl tlm:esp r\m;boc dell\mw kinels edrecwithio tth:Tmsmnd035303
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ling at different points eposition
A@pb@aim Rubligagon Nmz;)(l%n 27476d It was foursl tadlsintioxidants

WG RighlEe e Ekabilee THIGES acdifSL Padirs ellyseeaiically
okpgemtforeREhead benofs bt tisrtateinbient 308404 18k herhfures.

was found that antioxidants were highly effective to

Véhempaniioddanirstabilizpd AMCES jodsptnew iasemiegnstictorcal | y

R S e ROl Bk pblER Rim B TRia dpositon

toW&dL&edmmtmmnyn sem conduct or manufacturing,
processes are nore stable, and gel formation in a

dep03|t|on tool is reduced significantly. [0010]

[9YG]OT0 RPNl (eI PRAUTPL b e YEIdiE g6 O

r est or use as a por ogen prinari |
irnterest firusieras a pptagest primarilyel Lenit the bondredeie jn o structure
latil e

LT R e e
héQtedG(sééb é%ate@ﬂ%l& 81846/993,-6, W@Emn@' 437TH4R a}qﬁyd ic

kene derivatives can react WI t oxygen to el't
6;5’dl2y?ﬁa?r)| ze NBDandi simjlar eydlicrakariegienvatives cahaeact with

ol <RSP B R AE BB B v

volatiityimatedials \iaoh endy Gﬂnfaqultbechiﬂumé% tinc@dlictdifene
cyclic al kene over tine, even after brief air exposure

MRNommsSm thisrfRaciPNcan Gavise signifigant degradationgfithe cyclic
akghi over vy cYigh et bl 3P okdoR L8 R s °01
vi sual inspection before the NDBE is evaporated. This

I 2 MRt B Rl lwnuspetie sBlipitcisin the

p@&%}ﬁlce ok aHV&tﬁWufsaéhe \Aﬂﬁ&?lsoﬁottreﬁdl éréﬁf l'i“%f’snu%l |n§pectlon

IS pOSSI 'e that snal resid

betare HianNBBE Iseevapapated: i Tovis oan Nmﬂi; meaceutmdatiqn cfaheusmgd
pFoIEi%ct in a vaporizer means as the volatile NBDE is evaporated away. If the
surface area of the vaporizer means is small, it is possible that small amounts
of residue can hinder the evaporation of NBDE, eventually causing the
vaporizer means to clog with the low volatility solids. If a bubbler ampoule is
employed as the vaporizer means, oxidation products could initiate a
polymerization process, causing the entire contents of the bubbler to
polymerize and block the flow gas inlet line. This is especially true with
bubblers that are constantly heated to assist the vaporization process. Once
a vaporizer means becomes plugged with solid, the only remedy is to
disassemble and clean or replace the affected vaporizer means, which is very
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vapori zer neans to clog with the low volatility
solids. If a bubbler anpoule is enployed as the

WO 2W0/03308F o BBASTMINGX | SkafbtyoiRs BEDHHCAIBo GOcBriterm ifeC BUS2086/035303
pol ynmeri zati on process, causing the entire contents of

chencallneseana alyes haeome dlegkedividr the: lnw valaiflity selid.n| et
line. This is especially true with bubblers that are
constantly heated to assist the vaporization process.
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only renedy is to disassenbl e an ean or. repl ace the
reha%l@m@uqiap@?d this babayier ISMnaaeep@%lﬁe%vm&ﬁ/%@mq i nes

I : it i Li
sefifolfuctTBREHCATITY. CPHECte! I i¢ Recodtn/ ) fid bidans to
stabilibd NBQIE énlenswiel thatihe protucidaesmatdaasily deaohpole sluring

N e T
expRalfe IVl ddrneidNBDEHON B WHenis®y of i dYclid éiene

does not easily deconpose during transport fromthe
copmeoetnstsl difersptansidarablyfeoratite chemjstycefdbe siligen caniaining

oS Bs Y bRal e sibanitie R ppRLEYBing SRR botpBLpos
thahstabiiegitlsé slich cbhtifing icofipot@as avil sRbilzerthewydkic alkene
Ctypl cally enployed, so It is not obvious that the sane

s that stabilize the silicon containing
conmpounds will stabilize the cyclic al kene conpounds.
[0013] TMCTS is believed to ring open and pol yneri ze

[0013] he prEMETSEisdeliovyd émringopehemd poWimsribam Bie ptesence

T

offFnTae U3 PrcitbepicliontpuBRatbANg, SRMo gy P

Noed,858,697he Byiaogtrast, INBDIEevill slamiin sligomeatze iruthengresance of
0l | i zati : TMCTS. | gt el

aip 5§ ARl 2ot e B R e et Cremes TR e ¥

olRdRRFIzatoh Prétdss. NBRErd THMCTES cAR CBmpletBiyiBlymeakeBlse gel
medi um to hi gh nol ecul ar weight and |ow volatilit

. . [ ] y
ingifle goehemicakling ype expegHedafiruPEPE insiead faigisez highly

r il . i .
s atizoiyn 6 Rkt Regls et LRVERIBATY cidbtier atie
not apparent upon visual inspection, or easily detectable by gas
chromatography (GC). Instead, the resulting oligomers are detected when the
volatile NBDE is evaporated away to leave behind the low volatility oligomers.

[0014] NBDE and similar materials are sometimes stabilized with
antioxidants, such as butylated hydroxytoluene, also known as 2,6-di-tert-
butyl-4-methylphenol (BHT), (see Clariant LSM 171779 Norbornadiene
Specification Sheet and Aldrich Catalog Number B3,380-3). These
antioxidants are commonly added at concentrations of 0.02 to 0.25 wt% (200
to 2,500 ppm), but additives can exceed this amount when the manufacturer
wants to increase shelf life. Chemical manufacturers prefer to use BHT due

to its low cost and availability. However, the concentrations of these additives
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volatile NBDE is evaporated away to | eave behind the
| ow volatility oligonmers. [0014] NBDE and sim | ar
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such as butyl ated hydroxytol uene, also known as
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I'ts T'ow cost and availability. However, the
concentrations of these additives, concentrations of
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B3] oan oA ﬁgé“ma%ﬁne“tﬁa@i@sﬁ?@h%pge&w@e?a%ﬁhq YigReedifiiqunds
ha 58 §av&iderh IRAU & Eaktait r:]’éngJ%@ 006 vagiaddetan. t he

vaporization equi pment, wh ds to the cleaning and
demnomstataniat usisy € QssiosOatepurge: silieanecesiaimingcormppynds,

e e

difRCstoRREE. Yamdda et %ﬂltcﬁmoﬂ‘ﬂ@acﬁ tl’@éx&ﬂ%edﬁfﬁ@lﬁ bgtwiaich

denonstrate that using CO2 or purge silicon

COormr &0 sigbitiaensooh @@mwﬁﬂsa@ﬁ%ﬂmppﬁ@@ﬂ%ﬁ(%t thmethod

w@tvgqrggéﬁst‘éﬁﬁjg@o&cﬂlg%megﬂ glfd%gcglgiﬁr@gém%wdﬂgtor films.

Wﬁﬂé (10)} %mdﬂmaﬂblé‘ Wltﬁ@owss‘é@ﬁb ogoraly Eiele&trls fitths, the sulfur
npounds i s . not obvious that t th W |
caupht N0 isaHY GopRajibes, with SUSh IPERERSSEST fﬁe&é%, §5ﬁ& not
o RETRIHE EOplb BTyt dhEngs dGEPAS plorfersity o form
adid irS®R preseate ob irpat inbdistuve, twhenedcig can m;’s@‘s cyelic alkene
2 is pot expected to be conmpatible with cyclic
PRYXEHESANe to its propensity to formacid in the

presence of trace noisture, where acid can initiate
cyclic al kene pol ynerization. [0016] Thus the cE)rl or

[08116] does hbus thespromart dopssabiescrivgd pheroliprrdditivg and inert
gas container purge method which can stabilize cyclic alkenes from

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

[0017] The present disclosure provides a stabilized cyclic alkene

composition comprising:

a) one or more substituted or unsubstituted cyclic alkenes, and

b) an antioxidant composition comprising at least one compound of
Formula (1), wherein the antioxidant composition is present in a
concentration between 1 ppm and 200 ppm, and wherein R' through

R5 can each independently be H, OH, C4-Cs linear, branched, or cyclic



gas contai ner purge nethod which can stabilize cyclic
al kenes fromoligonerization or other undesired
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[ 0017 I ‘The: present di sclosure provides a stabilized
cyclunsubsWibies attkposi ti on conprising: a) one or nore

S”??%%éf‘ﬁtae@?%%ﬁégiﬁﬁﬁih“ S G BsPoE T oa8 Eorhbrisfig
C aRRWHedted Fonithaigidub, comsistiag mfltieﬁuanheom d@ﬂin krypton
conposition is present in a copcentr |o bg CS@ld

pienemdadon, HFRICANEANRAR MNP PHERIRG
I )
cSEPBRBA: fiRcedihia Cohigine, Iiited @3?@@%&%.‘"{%%9 of
| sajdwapesosiié at | east one inert gas conprising a gas

sel ected fromthe group consisting of helium neon,

argon, krypton, xenon, radon, nitrogen, carbon

nonoxi de or carbon di oxi iﬁ after,said conposition is

i ntroduced to a contai nef\i 1

al kene conposition far foymng a Iay arb T doped
silicon oxide on a W .\ he process nﬁflseg )
steps of: a) providing a cyelic alkene conposition in
a container, a silicon con alrni Rg conmpound in a
container, a filmdepositipn tooh ,ya filmdeposition
chanber within said film ep03|tﬂgn tool, a neans for
connecting the containers to the film deposition
chanber within said fil mdeposition tool, a stream of
carrier gas to sweep the cyclic al kene conposition and

the silicon containjing co 0 nd thr h the connecting,.
[00d8hs i nt bhe peesant M‘%g%%%? rcmaw%@? apfrgess usingac lic
al?g{?&:éﬁ% )‘HtoW\‘bP dr né b I%&%%Fﬂdﬁaoﬁé@%%n Qkide'6h a

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

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

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

containing compound into the film deposition chamber; and
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b) introducing the vapors of the cyclic al kene
conposition and the silicon containing conpound into

WO b®703007%HRE of Aorel iRy nfdarls! EMaRer 4 cahdnhgop@ODUSING/035303
the cyclic al kene conposition and silicon containing
conpdomen the sphsteatei | m depositi on chanber; and, film

- he . . [ I\ Sai . | k

wEBL SR RN Bl BEGRSPHRS € Siner tuted or
unsubstituted cyclic alkenes, and 2) an anti oxi dant
For mut 4) (41 OuGre sHbewtester wio-Bai I RgY & alkenes, and
B wnd) i AOHRER b R s R e e s o
OH, G - C Bormuladl), whessic tredlantioxidard|domdsitydn is@ré€sent in a
i , b hed,. | i | k bst i d.
uneubst | (TEENTRYPR beieen | REI 814 SDART: B SRR ¢l
with at |gasigiPR® chi ¥achdRdeediiBhtly bBH 20BRE SC] RtdaRd

fromthe group consisting of helium neon, argon,
krypt on, banohed rerduyelic mikyl, diyebs lirearbbranabhedx boeydic alkoxy

car bon di oxi de,.. after saj oIpRasition is introduced
to a cont%] t'F‘ﬁ?@ﬁ&é‘&'SF@‘T‘t&g@r%le or shi ppi ng of

sai d CFeRSintgai colRoEioRFSHRIGEH whh GFIRAYhAGTert §839]
Figure 1 is a representation of a filmdeposition tool
used i GONHEISEENS GBRGGIRGed fraauibergropp copsisting of hehem,
conmposi ti.Qn C i h e [ U :
where (R8N AISEEE RN, Ashhy Bubrk BRocS} SRR Enoyice or

two separsiredipkigiey after said[dddiiYsitlengsrietr@ducedato a container

representation of a filmdeposition tool ysed in the

sem cotigeded fqrrﬁigﬁgeyorf%]*mﬁ@% O&I\P?'H GBPHUIBsi ti ons

according to the present disclosure, where a single

vaporizer nmeans is used with two separate precursors.
BRIEF DESCRIPTION OF DRAWINGS

[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.

[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.
DETAILED DESCRIPTION OF THE INVENTION

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

prepare these films is chemical vapor deposition and there are numerous
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0021] The
sem conduct or industry requires nunerous types of thin
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Aol R dn il s s PRy RELIHRME RELERY e more

proautRRNhecbor is "Eakiracit Hidre gostsffestives A aﬂapltssmon tool that
conti nuous, long term operation of equip is .
myslshe éb‘PfedOV["ﬂ)Qﬁéﬂ‘ fanfdeanipg rqnfiymﬁ'r'i‘&e %‘Qﬁ '§| as appealing to
séﬁﬁHh&@ﬂBPﬁ%n@f&tQﬁ@i@u&bﬁ dr€ UlThud CcGHiLBYS; loB¥rm
et e Merize or rearrange to some
opm'gtimoféqunmnhhsl desrtatrhes of such byproducts may be
undesirabl e for many sem conductor applications. Thus
materials used in the sem conductor industry may
[Opg { |eoan fokdd Y@%ty 2nd StHblly1@qIREMRAL A ST Gifficult to
achieve. Many materlals may oxidize, polymerize or rearrange to some

degree. Even small amounts of such byproducts may be undesirable for
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
deposition to form low k dielectric films in the semiconductor industry that
require additives to be stabilized.

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

semiconductor industry are typically limited to species that have a boiling
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undesi red side reactions before reaching a deposition
chanber. [0024] Cyclic al kenes are materials of

WO 20 08NS F 0306 e N FeRthe AR, I BOSdiTic applicatibariPCT/UB20R6/035303
Tdielectric films in the seni conductor | ndustry that

senuqqnm@tg@auuswmayml@t@t%adﬁmpnalduopﬁdwépa@h@rﬁfeﬁvr§0r
mgﬁméc{/%ngﬂ%?egg |5nlé m}%ﬁgﬁ gf" n?er‘l’a@faqf r Wiel &rrlc ngJ) films restricts

prép@ebeselebivn trause anlymniddmg OXYQEE maclﬁrmiand oydrqgmrsdueyto

may di ctate addjtjonal properties that th recur.sor
compatitiiy Ssues wlﬂk@ﬁpﬁ%rour\sf%l@h/%ﬁ Ipra ?hfperefh%ﬁeﬁﬁect'on of

ragfc§| hl Hlfo?s éh&% %é b9Sed ARt élébsfglﬂf\ﬁ TS %%%lss 8b f?ﬁ’t?da%%h

oxygen, carbon and hydrogen
sulfar andmbsbhd)ncmg thatsaregound in coramsur nadmaiilrrl‘wtoﬁand in

ectl o di hi bi t d
arfosiehin suchAS b g nic spEonust B AbBelyen. Sul fur
and phosphorous that are found in comon radical

i nhi bitors and antioxidants such as |lecithin and
[0026bi c adhddditin tostahitizing dhe ppdipalkenes dids Bdyantageous to

bi |
i 8 DB Y el bR P AR e ©
stabifizérchat fsanes. anst é)@@n;ﬂé akBDEzIeoilst 4te89 G wiiledBHFdoils at
exanpl e, NBDE boils at 89 0C whi|e BHT boils at 265

265cC Tﬁhss differanicerie @npgg%mggwﬁq 8l9pHiGaBt RIOHIAMNS dhAt
< BB AEo! S Pas L FRTILES o 50 haerShot o

cr@mmm y, these vaporizer neans are set at the | owest
possi bl e tenperature to allow conplete vaporization of
a liquid product while avoiding thermal deconposition.

vaplys al SQOW? Gh¥sé QaBé‘ﬂlz'ﬁ?Crﬁeéﬁbeé@éeﬂa%ﬁ’é [tﬁméﬁ‘t t he

rizer neans to correctly vaporize the product
posisiie tempataiure forajlo eamplets vapeniaationtaf a ligte product while
conS|$erat|o

aGiRe e origostiD: hischins PeBorsanfo HERRCE Mot
Ioé&n@‘lﬁt‘chéfvhﬁarliélﬁnéaﬁ@td Sértedtiyolorize ties preducteiitiout

nponents are poorly vaporized, or not vaporized at
sa;utatmerajvamﬁraaémxdwlth thesarronaderationshit is afibe; halance to

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

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

accumulated stabilizer is tolerable. This is because bubbler ampoules have a
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to eventually clog it. For this reason, it is
desirable to reduce the difference between the boiling
W@ 20003300 61 if vhikIe BRemal Isaapttzeandnd figdy PCT/US2006/035303
stabilizers, and to reduce the concentrations of the
to beathisiigedraiition a faily regyrasieyith @ fresh bubblgt aBpeEUSys,

ngil 5 Ve ot b Y LS B lisitdy

stabilize the cyclic alkenes in | ow concentrati ons.
0028] When a bubbl er anpoule is enployed as a_ ..
[0029ir 1 2o ThrGAPORISHRANG RHEImIERRS of HEJTesGakAaglosure

oA BT bRy SRBRIIR STk aene

iTizer s ecause
pradpets| alfoviay graater dekibilihinndliogtthese prodaicts v r egul ar
basi ith f h. bub le,.th heit |
SelioanU D TaNUAHHR o R B UTY HEPUEABAT By oo aikenes
prteggﬁ%?iég grc];téé’@ﬁi%} o fRmaReR Of [ddidnss @ed sliEBiRatieh)hefdFoalict

I sclosure exhibit enhanced stability and .
in$he shippirancontainer dndhemical isiglivenyi lingsoer ialves ar R¥aporizer

d .all ow t Lexi bi ity i NG
mBAg e pedaterS Shipobi Bifichefr Al ks Hhd Falsdime the
mh&SiHbE BBt R Prodiclibhomn atidiwal feduzirtthesonmatiembbhigher
possi bi li formation of residues (i.

ty o e., .
mgtelcularw'veig%ﬁ eanPends allnye hernogareays yreTizationcithrer |

i hem cal Li [ L O :
proBi\Fifagit ool e pBiiiel Abpoctudf AR niblecular weight
corpdEndi Vapdi cetivényrimet hieadingiormraone ¢ansisienihigher quality

production. In addition, reducing the formation of
denagifed fHBecul ar wei ght conpounds al | ows honpbgeneous

vapori zation of the product w thout concern for the

gradual deposition of higher nol ecul ar wei ght _
[0080poundsin eneemioditeéntvafitiye present dissiatiung, the aysliealkene

consi,ﬁ%'gnt, hj gh_er qual ity deposited filnms. [0030] In
CYAROYHRRD EPHENIEESt t he present disclosure, the cyclic

al kene conposition conprises: a) one or nore

substituted or unsubstituted c%/[gl i c al kenes, and b) an

aml) i oxe damore gupstitvted poursubstitdedgyeliq alkenghans n' t he
ah | N ia%ﬁg)gidant 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
independently be H, OH, C4-Cg linear, branched, or cyclic alkyl, C4-Cs
linear, branched, or cyclic alkoxy or substituted or unsubstituted aryl,
wherein said composition is purged with at least one inert gas comprising
a gas selected from the group consisting of helium, neon, argon, krypton,
xenon, radon, nitrogen, carbon monoxide or carbon dioxide, after said
composition is introduced to a container intended for storage or shipping of

said composition.
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conmpound i s a phenolic conpound and is present in a
concentration between 1 ppm and 200 ppm and wherein Rl

W brooge7RS5 can each ipdependenbly be H, OH GPETUS2006/035303
| i near, branched, or € , G-C 8 linear,
branched or cyclic al or substituted or
unsubstituted aryl, wheferm\said conposition is purged

with at | east ogxgsn' S nﬁlegngtg);glnect ed

fromthe group

krypton, xenon, radon, , carbon nonoxi de or
car bon dioxide, after [ onposition is introduced
to a container inten @rage or shi pping of
said conposition.[003% A cyctN c al kene i s hereby
defined as any carbocyclic conpound having a
nonaronmati ¢ doubl e bond in a nonaromatic ring.

[0B84hp! es Atyclicaalkese if hembyideﬁaedeuseariyrmarbdeyclilctnonmmmd

not limted t kenes cI oal. kadi enes
g Boearamae 5G B R nieRRge Hing ERamples of
clas st (yoh@BlkehBiiRAuE¥ chddre hob imitealty eyeloafkerkkenes,
polycyclic al kadi enes, pol ycyclic al katri enes,
ystnafiadienes, ayrioalataeinss cydaalkaistiagnes, armatis-contaiy

Vﬁ@iﬂ"oi%%r bEflebieanBheg iy Golt BEABRARS® pRlyBgiE Mgtrienes,

pdlpcydlit alkatetPaenbs, vid mixeures théreof. he nurrber of carbons
inthe primary cyclic structure, x is the nunber of

unsaturated sites in the primry cyclic structure and
t he f A
tﬁgfpri m’??%g |80C|s oc uhgg ﬁ% g}iﬁcoygl iC
ursdateabsl cyclrcsaileenes%fetgergeinemhfdrnmda I&ngz,a.yﬁiya\rheremg ¢ine
and 1 Is.an int Y,
iy of Suhon e diRen e elruglife. g isthe Hlintisr e heo,
uwﬁ%w@éi% inGthe Pffpharg cgi:ifdfstruﬁ.lr&dn‘d ¥ isB@Mmumber of non
branched, unsaturated; or cyclic al koxXy, substituted
hwirogm sblstituentsd Rapwthe primarg opelic stoiatdres Initbismlass of

off S alkeMeSin i A8 e Mram L BB 1§ P i ien FEP <H g oy s
ar8rn‘t eir?anofeia@k% B, dridi SacH REaniingépsivientiytbeaCeOptinear,

ed to, butylcyclohexene al pha- terpine e,
brianﬁmrérimsagaﬁfed s cyriealkyl, C1€ gilirpanyaranched, unsaturated,

or &ichi¥ Gl A HRFred Gr W B¥SHAPGIE or Y&l B¥RHIES Silicon

containing substituent. A more preferred range of values for n is 6 to 14, and

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,
methylcyclobutene, dimethylcyclobutene, trimethylcyclobutene,
ethylcyclobutene, diethylcyclobutene, triethylcyclobutene,
methoxycyclobutene, methylmethoxycyclobutene, cyclohexylcyclobutene,
isopropylcyclobutene, isopropenylcyclobutene, cyclopentene,
methylcyclopentene, dimethylcyclopentene, trimethylcyclopentene,

methoxycyclopentene, methylmethoxycyclopentene, cyclohexylcyclopentene,

12
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nmet hyl cycl obut ene, di nmet hyl cycl obut ene,
trinmet hyl cycl obut ene, ethyl cycl obut ene,

W@ 30ei Rt mprbﬁérwiawlmt@w@nbpentad|PCT/U82006/035303
nethoxycyclobutene nmet hyl met'hoxycyc| obut ene,

m@wlmaar&%ea@mlmeéhylcw@wﬁgdwel imgthiieyclopentadiene,

e Ry R B el Myt oRb T FoB8 tadiene.
cyidlo adyttyclypehtatiate sopropllepalppyetadisee ene,
nmet hy Irrethox cycl opent en

'SQQEQP@IW peygn %MC&?@?KW%}B?@MB"HP@@%%G

h
IRV IHOAREMAB Gl Efib Mot BRIohe RS,
mﬂﬁwhthlcyrdbhm&ﬁeaatyeloéexybyxﬂmhmgﬂmytsloop@pulewbldmene,

SRBIRPT U BRE e, YA SEAgIoc L ST roexadiene

dﬁﬂétﬂﬁb b YR et BEFHIONSMEIE ¥R tRoxy cyclohexadiene,

met hyl cycl’'ohexene,” cycl ohex Icyclohexene
meﬂnpwum}hydywlolh@MQne iayslpheppioytlohexadierane,

BT eRBenda B ESP RI RS a0 Bns exslahentgne.
MEERIEISHEPONS YR ydmidmé;yémﬁhmltmwcmﬁemém@ne

cyclohexylcyclohexa i ene, isopropyl cycl ohexadi ene

meshmwepelabericae omstaenyarethyleyelpBerisnenayclohexylcycloheptene,

BRI Mo b 0NGH 806 RErptacine,
mmﬁyi@}c}wmdoadli le%ej «tithlhydnysclolcs/pthdieaeytrfnyfhylwplbheptadlene
AU BRIy PR SN B ERULRSTnS, o

ﬁet = )ﬂég@cl e RORRE R |§8&0ﬁgfc¥%h§r€iﬁléﬂeohept adi ene,

eptadlene oxXy yl cycl ohept adi ene,
|sopmp[dmgbybloyneptﬁmqmachyeim@gptatwn@ puethytoyolodeptatiiens,

ARy BRgEN B RaRel VS s R bR ER pigigheptatriene
nfe&hdi@ﬁﬁé&h%{‘lﬁ%l@ﬁé@ﬂaﬂiédee RYcloRBkIeyISHEtattrpEat 1 i ene,

met hoxynet hyl c cloetatrlene

lwpmmwmr@pbataﬁegtla@prwﬁéylcy@@begﬁgmm Icyplepetans: ene,

e R
meithcﬁmwbc&t@hepﬁt&lﬁl@)(yri‘mhtmwlowcﬂenept:;ecrlehexylcyclooctene
|srg>|%trc§]p%/)l(cyrglsoto%¥énce %c?porgégﬁﬁcycﬁgoctgrqg Xglycfoyocclte(\) grﬁg ne.
methylcyclooctadiene, dimethylcyclooctadiene, trimethylcyclooctadiene,
methoxycyclooctadiene, methoxymethylcyclooctadiene,
cyclohexylcyclooctadiene, isopropylcyclooctadiene,
isopropenylcyclooctadiene, cyclooctatriene, methylcyclooctatriene,
dimethylcyclooctatriene, trimethylcyclooctatriene, methoxycyclooctatriene,
methoxymethylcyclooctatriene, cyclohexylcyclooctatriene,
isopropylcyclooctatriene, isopropenylcyclooctatriene, cyclooctatetraene,
methylcyclooctatetraene, dimethylcyclooctatetraene,
trimethylcyclooctatetraene, methoxycyclooctatetraene,

methoxymethylcyclooctatetraene, cyclohexylcyclooctatetraene,
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I sopropyl cycl ooct ene, isopropenyl cycl ooct ene,
cycl ooct adi ene, net hyl cycl ooct adi ene,

W03 Dy elAcaail, @thropenyIBfdyddtaiekraent p8HPEPET/US2006/035303

net hoxycycl ooct adi ene, net hoxynet hyl cycl ooct adi ene,
cysiatiexkary Bdgdnelbexwehienyd: 11cy@iphe>§@n% | ooct adi ene,

e e e TN
cylclahexehylh ethollvianithoxysinre, [Mwmbnyk)éthyﬂﬁneﬂmxysﬂane
nmet hoxynet hyl cycl ooct atri ene

teetwtwﬁwyhew%&m&nm Arane, PhglRsIENe, 21 POl NG

i sopropenyl cycl ooctatriene, cycl ooctatetraene,

met hyl cycl ooct at et raene, di et hyl cycl ooct at etr aene,
[008B}ret hyl| Ayatheppteiered atass, of seitableyaygtic alikenas ds byl

't&?hsgﬁ mt%%@e&ﬁﬁ}@?ﬁg%@mz Bydyhsie fisdhe number of

ca?fb&ﬁs % clig- éib(f‘c'tl.%e%%“me mumber of unsaturated sites
cyc exenyltrlnet yl si | ane,

in3he primerg bityglic strueturenans ¥ istbe rumipes-of non hydrogen

S TN S M O OB SARE i i clos of cv

alkefiés, Mis)drcinedgeteeen 6, to PHETRIME Bninteger apdi &< am;lryeig an
and terpl nol ene. [0033] Anot her preferred cl ass

intager 0 syt 2o-(kkdnapdieachiR ganindependsaty be %@18 linear,
oBFREE Rl B S LRR R0 VIO, bt s Rpgg o

cydliozdioxgf sumamwdair&mssubsmtemanyh org $ubst|Wtbd csﬂ icoinc
structure, and y is the r of n

COIBNG HEIRBIETS AROrBreleiTagags B Rales orh & 6 14 nd
a 'tiﬁ(;ﬁs} g?éf)%ﬁ%d%nﬁé o 7% Qbkﬁ_‘(}%‘hplgs 'o?trﬁé‘ clalt i dé 'iPare not

S an~integer a 2, I's an I nteger
firaited 6, @car@ne(ﬁbphﬂ)pmemj rmbhrnl@neanoﬂh@djmrhem@,nt ly be

vigy g2 2 dlockdg 5 74865S I Sip et HE F e/ sfigne,
hétdrR&th Id‘éWé?béﬁi&rféd bidycli]8 Bamhohal3eTldring 1,405,823

substituted silicon containing substituent. A nmore

tepab?dm@@htmw & 3-gimethy - o5 §-tetrabydionanhthalena: nost
nr n f

oy Gl S A idng. Beveou R BB igicia 2 62t 3-ene,
biay $1bpt. RiONse-2, Adidne), Beibicycltf? RotThapt-Beeyl)triethoxysilane,
bicyclo[4.2.0]octa-2,7-diene, bicyclo[4.3.0]nona-3,6-diene,5-vinyl-2-
norbornene and 5-ethylidene-2-norbornene.

[0034] Another preferred class of cyclic alkenes is tricyclic alkenes of
the general formula CpHzn.2x+4)yRy Where n is the number of carbons in the
primary tricyclic structure, x is the number of unsaturated sites in the primary
tricyclic structure, and y is the number of non hydrogen substituents, R, on the
primary tricyclic structure. In this class, n is an integer from 7 to 18, x is an
integer and x < n/2, y is an integer and 0 <y < 2n-(2x+4), each R can
independently be C4-Cysg linear, branched, unsaturated or cyclic alkyl, C1-C1g
linear, branched, unsaturated or cyclic alkoxy, substituted or unsubstituted
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bi cycl o[ 2. 2. 2] octa-2,5,7-tri ene,
[ (bi cycl ohept enyl)ethyl]trinmethoxysil ane,

Wh o000kt fua iR A %ﬂtalﬂﬂh?)@lbgﬁtﬂieﬁt OA madve- prele THUB1086/035303
14,58 tetrahydronaphtha ene, 2,3-dinethyl-1

V3I|45$T(3J’tl§td mqw.ra;m@mqeép @rred range is9to 1 Examples

mE@? chRareh R s Oﬁlﬁgﬁg? e g'1gié414A 5,8,8A-

odiahy/cn'bb of, f-rﬁe@n]anohﬁpthakr@ enmmethyltrlcyclo[4 2.0.0(2,5)]octa-3,7-
5 icycl o] 2 t-2-eny|)trie ,
dlgn%,ybﬁcquay 00] 65113 nenap’@ﬁ ne an %Tpro I?a—2,4,7,9-
te?b %{%I o[ 4. 3. 0] nona- 3, 6-di ene, 5-vi nyI - nor bornene and
-e 'yiidene-2-norbornene. [ 0034] Anot her preferred
class of cyclic alkenes is tricyclic alkenes of the

10838 bor XA BSENT e o1 ey BIa Cgs ot pETeney SiTe

alk@ﬁeé"&@@cﬁ'fbééifabWhHFuﬁeegut%rb%t'hﬂmt‘eﬂ%Pﬁie‘l‘Wl)’ethyl propyl,
tricyclic structure, he nunber

isbgrapyyésopsapenylt bityt, @heFMy methwehemylnumyethvlsdxlccy@ohexyl

maiok Pl Prcnsisd SaRTRoxd ipabehBly diftont lheld,
methylpl?éhdx%xwheth%quﬁw@9c|bhdﬁlbﬁy1d9réfe)freae>@mgsre§, 8f R

i near, branched, unsaturated or cyclic alky C-CG 8
includganethi, aserienyl, and isaprepey!orMe l,u%oerprwband isopropeny!

a%%agfrélﬁérf&gecp orLFQ Q%%' h%%ﬁﬂcondywl%aﬁmgl sbto

erre range anpl es
i ncl ude, but are not limted to, dicyclopentadiene,

[003Bhire hyPisteizod cuple Skones mokidéibatns. bhelarene,
d%&é‘laﬁ%ﬁ%ﬁ%&&l 2 fhza'i‘%?@ﬁgﬁé‘ aPdrhrlaeRfoifele limenene, alpha-

- 'tetraene. [0035] anmpl es of
leene daatend, tefpindléngsnacbarnens, n@rq@rmeicheme,oﬁ-uwl -2€

nqr o?qué}s’%%%%ciieﬁfy?dgtgg éa\ﬁrggrrﬁeg%r oﬁijﬁt m%rSEB\E?S‘BESQﬂ?V&%d
alRé‘ﬁé!é aréJBi%Wlbpeﬁi%fdﬁéHeO%ﬁjﬂd—terplheﬁ@tﬁbﬁbérdeﬁe norbornadiene,

cycl ohexyl ; net hoxy, ethoxy, OoXy, i sSopropoxy,

51vsrwdr2c)pm @meneo@nd@eﬂwh@mﬁ@- mrgt)mnshenoxy,
trimethylsiloxy, or cyclohexloxy. Preferred exanples
of R include nethyl, isopropyl, and isopropenyl.

[0dg37hy! , i Sapalsieyphenolic Batipridaes)df th diselasureand desaibed by
Fgronfrmls (f) Where R fhroah &8 aneach 1SR B arente B H, OH, C1-Cs
linear, branched, or cyclic alkyl, C4-Cs linear, branched, or cyclic alkoxy or
substituted or unsubstituted aryl. Examples of suitable R'through R® include,
but are not limited to, H, OH, methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
tert-butyl, cyclohexyl, methoxy, ethoxy, propoxy, isopropoxy, butoxy, tert-
butoxy, cyclohexloxy, phenyl or methylphenyl. Preferred examples of R’
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 (l) include, but are not limited to,
phenol, 4-methylphenol, 3-methylphenol, 2-methylphenol, 4-ethylphenol, 4-
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[0036] Preferred cyclic aikenes include dipentene,
phel | andrene, dicycl opent adi ene, al pha-terpinene,

W@ 2001033083 m.aanﬁnn{,|bﬁgﬁ@|nq,b.@y|ph@m|n¢rs@c_@ﬁ9|ghwﬂpszooﬁ/035303
t er pi nol ene, norbonene, norbornadi ene, 5-vin

bUHIPBENAk Actertbidy Bhennl |4rmetk@xzph@m@ioﬁmf@oxmaermisz-

PO S Vs

phenot-arat b @-dibperoxgbenZers. hylafeleas aRtioxdantsngdFormula
{j 037 Sui t abl e phenol i c antqﬂg tpgants of the
(Thin 14

§Md§sqhe@ remeiBipheRel, By eRok Rymgiairherpl, 4-
meliygfel, S gﬂgﬁ%&gf’h%@? ?@@FEW’ Héhoth2 £ttt piatylohenol,

2) lﬁmhftgﬁémtylm-ntejbylpbeaoll(am )pt, 3sdibgdrioxybenizenre, hydroguinone,
ted f bl e, R1t h R
z?ﬁsu R AN e R Sl S
nghbﬁepK%ﬁzyl@%-ﬁl-ﬁerﬂ-&ﬁ?lﬁhﬁhol be@LblrBhyhphenol, 4-

met hoxy, et hoxy, propoxy, 1 sopropoxy,
plmwwmhertcém-butajwheoyb Qdﬁdﬁetbbyibeqzyaplyenqir 2,4 6-tris-

oFRVBRENS, 2R R Bl b B ehal e BRI 2°
dlﬁzal@kybe@i%d €The brdst |prerh’ébl a@ﬁlaiﬂbh@oﬁ?@fmilé%l)@fre Bl

rough RS are H and neth % L Sui t abl e exarrpl es
methaxyphanal (MhQ) aed Zal-di- Eﬁﬁ- ety 4r1'6f3 hyinhemdj(% )-
phenol , 4-nethyl phenol, 3-nethyl phenol,
2- met hyI phenol , 4-et hyI phenol , 4-Dutyi pnenoi ,
[0039]ar t - DuAsuitpblenconcehirativm ok phdrsolic! addBtiveemagyepbisairied

nmet hoxyphenol - et hoxyphenol ,

fram A (HROa &1 Seen} rapgwsucé B dramishopt 1 PR AGPYHAARPPM.
nggér’olécgn%%m‘ &T(ud hen gﬂﬁﬁrﬁiﬁo{lﬁ@déﬁﬁ gféi B Ersd 8f suitable
céhaentratiopsandlig h@hrmtdnyﬂ siitablsl Gonaentratieyphenol |

3- nmet hoxyphenol , 2-nmet hoxyphenol ,

2,4-di-tert-butyl phenol ,
[0%4@] di -terge M)éhd”ofrlﬁé BM?téHI@@:@hcélﬁFﬂﬁon range for the phenolic

3-di hydr oxybenzene, hydroqui none,

a(idl(wﬁgn"gyl kedrpphabent, 1 Bpmn, tgabputré() ipeKy-p eitaple concentrations

fof i R ¥ BREPH AT Binos AN, SRR TRBlimieg) tooahont !
pp¥al QB@K)@bFnﬁabéuwa ppymEdioat 25 ppm and about 50 ppm
2 (4 nmet hyl benzyl ) phenol , 2,4, 6-tri sbenzyl oxyphenol ,

4-di cycl ohexyl - 5- net hyl phenol, and 6-tert-butyl-1
dih _ . S
[ogf%‘qco'r nﬁﬁgﬂ%ﬁbﬁgﬁ@ iﬁ%@gﬂ@%ﬁ% %@f@érﬁfafnsﬂ rBRGé BhSedtRal

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
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.

16



10

15

20

25

30

(MHQ and 2, 6-di-tert-butyl-4-methyl phenol (BHT).
[0039] A suitable concentration of phenolic additive

Woren7bss0ahs gitdRe coheshttatichN@mgel nta eyt depionaiBe T/E8Z6/035303
as fromabout 1 ppmto about 200 ppm Suitable

spesmeataidast empigeed and the spesifie BepPasps wsednikgraplps wf

@l ho TcdrlyRof ARBRE A e BAFD, AL sl 5§80k 200 o,
fromi AUt € sprnteaboat 150 ppangmrrﬁ abouiteppimetocabaut dddi ppr e
may be from about 1 ﬁ%mto aboyt

O@mrséﬂ@b@tq%\%nvahom gesvend 'eeJHg%%Paﬁgth ?@Ha@ to

t
b M8 Sl o1 B, oot o o
ap@@4P5 ppre, andjfroendbaotit ‘towppmdotaddmluémempant Odllnermultable
cormmGation S puREpclge i abatf3 B abolf 200 ppm,
frERMRI AR DB IR S0 ﬁBoth@'PBﬁﬁ *ﬁbﬁdasbutma)ppmtm aﬁd&lt 125 ppm,

solubility of the phenolic additive in the cyclic
and frermeabouti@Ssppmda.abaut d00 ppne  Othrraniitakis eencemtigdonor

et eleds i afo iRl bids SRF 200 Bhhf A oS so

pSii tbaplotit 45 PRI, fesrh @ddut 50 gbﬁﬁt&alﬂiuteﬂﬁm ppral fiee dsdut 50
are not limted to about 10 m about 125 ppm about

prmco@EheUt 489 @pnmqofpamaahptﬁﬁgmpnz@mab% tHepam
ant i oxi dant enpl oyed and the specific process used.
Exanpl es of suitable concentration ranges include from
[o0a3yt 1 pph@ stabiilzedt c\20 afkeme ddnq:msﬂimumay ipplode@ single
about 150 ppm from ab

plegnrlic %Olﬂ't{Vﬁoq’rea %ﬁ@é@lpgg&q’ éh ﬁ&ﬁ%@& ?\ﬁ%{’ﬁa@ngr om

@%\t @7& ppm b&?rom about Fé“%%%@g‘ ago%8@39%g]rﬁreg?1%t "
afhy ostatheopitopbltigrpto ¢achabther. 100 ppm O her suitabl e

concentration ranges would include from about 25 ppm
to about 200 ppm from about 25 ppmto about 175 ppm

[(fO"ﬂT‘ abouTh@%x@liH%kéné@@éﬁ b&ZhtHREY ceRthéFcpllyadt it sy?thetic

pmto about her suitable concentratl on

tecanm@s\m@wm ﬁodboa@lm theoant.a bbcempEreighinaéeriale ghemigal

"%E‘% %Bn%ﬂ’?‘%%ﬁég el Re R0 Wi btan REABilid fHEARBHECE With

relatively high concentrations of BHT. Since most manufacturers are not
accustomed to making high purity products, their product handling techniques
can be relatively poor, and air, moisture and other contaminants can possibly
enter the container before, during or after filling. These contaminants, once
closed off into the container, can cause considerable degradation to the
product if it is stored for any length of time. For semiconductor purposes, the
commercial materials must be purified to remove all byproducts, and
additives, usually by distillation or sublimation.

[0045] However, to maintain purity and stabilization during purification,
storage, and shipping, the cyclic alkene and compositions of the disclosure
must be handled under strictly controlled conditions. These may include:
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ppmto about 125 ppm and from about 50 ppmto about
100 ppm [0043] The stabilized cyclic al kene

W@ 00033073, Bl z8E06 the Prod@i@ctaeséitel rigritertitlliation dPCT/v82006/035303
a mxture of two or more phenolic additives having

is iromedliately| stabiized Anee ifeaters thmrQﬁlU%‘?‘é@'W@H@ pgming

o BB 50 R PUENEP B AN U . KB PAAREE AR it

conaimBRitéRgh¥e® subly as Yittdun or a@ohr(bq’umt Unwmnon indrbse
in the art. In comercial materi al

ORI 2SRRI BT G9TAnaPReiEs ORI SN PlegRing and
drgfnﬁbéd télﬁ tGdtor [l%éjlﬁltﬁ]r%m ddhthiRbAL Wie #r}érhéﬁﬁbsphere of the

centrati ons o e nost manufacturers are
commO&anelﬁ gasesl ptior tmdmdw gftar fijlingywrsing closeddilling, techeigues
oduct , handl i n

tnBhareent (agpiopHRL TRt Sxp e Gk TR e IpBBRIam g0
a\%;% Blst A5 §9BE Aht8r chbPiratioAthAneoAd agt é@ﬁofy'nhéﬁzwion

se contam nants, once closed off into t
catalysts, aad judigious gheisecafrasintrinelsi to peverExPosHre 9 ainer

roduct ored for any length of tine. For
@8&1”&8%@&%%“’6&%@ es, the commercial materials nust
be purified to renove aII byproducts, and additives,
usuaIIy bﬁj‘ distillation or sublimation
an

[0046kver WENATHGEH PERFUIEQrSaa a&egyrqqrzc[gm 4ans fpythe

Seﬁﬂfgoﬁéﬁ%%e sty A8 Hpio Al harkaBRUT Shiphdf A Stdreddh kene
steimtisds steel cﬁdtamefmtd @ltain produticuatitysior Freemaxiraym amount of
i nclude:is i medi atel¥ stabi|ized_once, it

h
tpPodUecvaBAORoNS 1 PHIGR RoRBMSrS Of AF JEngHasH sipsss pHor o
fllpﬁ%) HolvRE ddsphe r@fo?&h@éﬁor\tg‘ﬁﬁéxcq’ud’e alr'&ﬁlhhg the purge

her es usi ng onmon | nert gases such as ni trogen
pmceas gunr {doiiltingn end mima:mgﬂba fill newcesgasé\serﬁmwhsw angd pther

qofi gesehineviapy MR s ey i 8% Sitalngi: FHIlsr 818 the
ccbﬁ’cﬁfn"er i ﬂRe%Pé}% FJstrlblhl% SEHIG thé REnhtaigss apast-fipukge cycle

and after filling, using closed-filling techni ques
|Stmespaw@hsem$1§vq)¢b@maals,rsyﬁh Bei Y§lie rfseves: ﬁm%ffectlve

fillij r '
oLl e BTy QR0 Y il B0 RS PBR ot
reztiad yakes frenttieuctrtaines, lelving eh@étabdlzewoyehcs atkene
prevent exposure tq air or
composition primarily with inert gas in the headspace of the container and

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

The most preferred inert gas for purging containers is carbon dioxide.
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ot her inconpatible materials. [0046] Many chem ca
precursors and precursor conpositions for the

W@ eos7ossduct or i ndustry are typically packagedpCEHOBp€EB35303

and stored in stainless steel containers to retain .
[0p48Liuct dbisipreferable tonsirgeihestabilizad sycls alkene compasgion

T dy 0 ; o :
nPAREAPRG T 5 hRiaBRY O R e hpButiot ko digtdived
g?%fs?irlta[%l_vbﬁtiwidd gid.e_ﬁier cﬂup?;i};i?m eayploks gargﬂdob tesevpr,iarany
o filling an ri.ng t . process, enfitious

tirag aﬂghﬁweogm‘éamﬁégﬁcfﬂlle\%ear&ﬁ%@f@ Hgﬁfﬁ?%éwﬁé S{Orﬁ%?? %Way

: : _ ) - 11 ed
stifhgbft, i BbipBElion Iy be P bR fifflod gtiierent || ©
teplumigaef_jmmlliﬂg, hswtcmﬂﬁmitfygfto,rpwgm gawﬁwrouiglmtl_nmccsmpealbhn

as cyclic enes, ef fective pur.ge e.,s
s s SuBmarass in 0% ST eTHS 4656 BrRrsRansotine
ccﬁ‘ﬁ&\n@ﬁ r@bcﬁﬁﬁﬁﬁé tHeeh SRppact ' e BEntaiialr sy vadlrAyY and

the stabilized cyclic al kene conposition primarily
refilling thebeadsgpace with ke hutgesgrss Pressurizing:he: headspaga @f the

di,ssol v in the co itian. ' i
cdign UGB st dsErTRos ves i s e P ssyee repofiigns
offucArprbBesRal hRE doRtbisatitna dfeiuchProsdsyeag®hemost preferred

shi pment. The inert %ases that can be used i ncl ude,,

mptioddeeouige the apewesition inte Puige srsotroughybie CERPRsIHaN
I 0
gy tnt 3HHered FERRLboriRigHith, FARGE (el ESER Bptionall
regak &5 tHeointentioniahpressutizativer of the sehkld containegéollowing a
ni trogen, carbon nonpxi de and_ carhon di oxi de.. The nore
PUSgEIEcie THRBRY PieBL e e IRAER S CONPRTURR{Scais S 1S
ccfllﬂéi'néﬂ‘ It PF?@%Ie Q4Aft PRP nBBESREr G0 afRa| S0RRIINEY Grdete.
e nost preferred 1nert gas for purging containers is
pressbenafterakisqeir§@048] It is preferable to purge the
stabilized cyclic al kene conposition imedi ately after
it is packaged to prevent deconposition due to
[0049F 0! VedPURREEMEE fANARIM protests can VaryThasewbom ts désired
may~ be purged, however, at any tinme after the
eftenit wheks longef purgsdtinagag apefesommended iR EEBeVGMABE t o

i . ‘ e
s S5p28 PRI bR S mRAE o 40 % A diepedy Wurs
déperiding ohahe Hongiates geed. t Fooexampleetheoppgsi timecan range
from 10 seconds to 5 minutes.

[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
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.

19



10

15

20

25

30

using a tube subnerged in the conposition, purging the
headspace of the container, evacuating the headspace

W@R0070830CHTH GESKilleS iMtheVae yonerally asebtibls the tePET/US2006/035303
headspace with the purge gas, pressurjzin

th
wit heliyac Been, angenc i men@n n@dﬁnéfgwaitr@gan ﬁdfhi@ecaga@,n

rel [ : sur.e, it £ A
R BE.E o, bR ERWE IndgRE LrleP BEndh Gifiigns, carbon
rridiﬂskideraﬁdedfaltqrbdn mﬁ@“ﬂd niay ipaidgiinachas ceaglivei drioxidizingt o
purge gas through the conpositiopn using a tube .
HEWHer Jaair bRhaYIGr 853568 18 PURATIMHSRENCERH AR ik Sopgitions

. i , . " . .
i Eh ey, i ed DAL Rt DS RS Wil B8 Sptieriionay sBlroe
pfasent) éheypcav batconsizigred as deingnineft whisre nseéd ae wspadkaging
into the container. It is preferable, but not
9%%cessary, to seal a container under pressure after it
is purged. [0049] Purge tinmes for each process can

vary based on the desired effect, where |onger purge
[a052s ar eThecompasitimstal the diselostin maydveHeed inary suitable

SRR LR R VAR Rk Ba e S Wi

pRteEbéLard hosBWheenitalnRpoftepasition breusstes segsioving tosificon
m nutes. [0050] Techni ques to purge gas through the
cetiainig eompousd he dapesiba lawishigleefds copstand f'%-n%d@ﬁiﬂl%?}‘-’f
, [ ti I ' . [ Y : hce
S BRIGRsBE P T 2P hBEHAEL ) s ddseribkd if B
PBtdrit Ws?/e,Bil?(waaa9©,6Q¢ns,t756¥32$, Blt1,898,65,4109,d 10han
one outlet for ga o escape fro nost preferably a
6184l hraneiia. a4 03B, et rGoRorpaRY TSieiictus
di ffusion stones. D ffusive devices can include tubes
having a plurality of holes or porous diffusion stones
[0083]i cat e@hé poeseitaliscloswreds also ditesiad to a pipaeassiafiusing a
neon, argon, kryptan,.xenon,  radon and njtro whi | .
oG reRPaStER T iopBi yRher sbonicret dlied bxde on
AN, TIRS b dbse it brisiisthe GREHROSE: Monoxi de and car bon
di oxi de may be defined as reactive or oxidizing.

However, their behavior as such is primarily dependent

ona)t BFov?ocng 'atéﬂ:'ﬂé 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
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
containing compound into the carrier gas stream;

c) transporting the vapor of the cyclic alkene composition and silicon
containing compound into the film deposition chamber; and
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under which they are used. At roomtenperature with no
ot her energy source present, they can be considered as

Wheing3inshé oriedreUsiRIgR e e REmND caddn ddIBRT/UI1v66/035303
conpositions of the disclosure may be used in any
sui tTHl @ B1eeFHRSAA®.apor deposition process which

wfti OEH' é&ﬁg&c@%ﬁl‘k%ﬁe%o‘ﬁﬁc{eb%itid?{&;rﬁﬁ(%;pfocesses are

i .
se’C vVapor position processes enploying a
silicon containing conpound to deposit a | ow

e 15 b S M s,
0 556, 25t Enidytadiichiodlith oSmBising & jodt 816 diffbound of

6, 583, 04& orhmrdz(l), WhemiptheaartibXidant ebmpmsion iEEIéSnt in a

The present discl.osurge i | so dir ed to a oces

of b1 ng nesbiTALoR PRbiesh.SpBs fbd GRORBIM Tk hg S R
layer of hgRPRUEARSath inddyenaéhih? b8™M,20MRESIC, I,
process conprises the steps of:. a) prOV|d|n3 a cyclic

al kene cdirpoehed, o aysliaatkyhCGarGelineas, kiancbed, or cyclic alkoxy

Cool ' o rsBIRANES of DnSuraRbE i 7 sala i
depeséihisai tedposiiotapardedr witlh ahRekt 0ge it gagtampeisihg

to the filmdeposition chanber within said film

da s s9lested dom the graupsansistingrafinsliugiaseps, aigep kevpdon,

c 0 : 0Nt ad

b A SRl b a0 B Shof ofER 4 e

depmpiotition is rrdaiceddoc cordainst nddreded fonistorabe drishipping of

deg,osi ti on chanber of the film deposition tool; b)

i BRldRRERPORIhe vapors of the cyclic al kene

conposition and the silicon containing conpound into

the carrier gas stream c¢) transporting the vapor of
[0064] cycl i Theatyddicaalkemasostitabianfaicis sliddlesie cvatix samg as

conmpoynd i.ntq the fil mdeposition chanber; andm on tne
d%ﬁﬁ’g@?aﬂ%‘{'o‘d\ﬂ%r(‘é(gﬁ SUBIY- cyclic al kene conposition
conprises: 1) one or nore substituted or unsubstituted

cgcl ic al kenes, and ) o .
[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
siloxanes, fluorinated silanes, fluorinated alkylsilanes, fluorinated
alkoxysilanes, fluorinated alkylalkoxysilanes, fluorinated carboxysilanes,
fluorinated alkylcarboxysilanes, fluorinated alkoxycarboxysilanes, fluorinated
alkylalkoxycarboxysilanes, fluorinated linear siloxanes, fluorinated cyclic
siloxanes, and mixtures thereof. Examples of each class described above

include, but are not limited to, those shown in Scheme 1.
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2) an antioxi dant conposition conprising at |east one
conpound of Formula (1), wherein the anti oxi dant

W@ opo33ori on i s present in a c:% ?Léﬂfé ijon bet REBTSW06/035303
ppm and 200 ppm and wherein rough R5 can each
|ndepen ntlygbe H, : Cl i negf, br@@ﬁed C OCH
cyclic gllekgl/ c-Cs8 éﬁbranc eq, @r cy%l iC o ../ 3
al koxy or 8ubstituted orSwnsubstltut eS@iaryl, wherei nSl
said conp/sra;lon is pu egl wth at s;,t one inert a$
conpri si Hg afhas sel ed (EH m tmgc ouﬁ)(gﬂgm SHBGQ of OCH;
hel i um Fneon rgon, krypt xenon, r n| tER OCF,
car bon e or cdron i de, ’haxtS:r \ /
conpositi oSu s introduc to a contai i nt ended foSl
storage o S‘d’]l ppi ng of aud conposi ti I‘n [ 0054] The/ ‘f,,/
cyclic a engs sui t apl @i‘ﬂ hi s(}g Io{wj areFz60© OCF;
same as described previously (vi supra). f0055]
Si licon coH ai ni 69@CHeoundd;Eyi t aff@GICH; t hHgCO COOCH3
di scl osure I\Igl/de any cl ass OF i con containin

I

nol ecul e suc s si |l anes, al ky | anes, al koxysi |

al kyl al kox I a:\,‘ues rbox si | ’9/

al kyl ébﬁ(bé Gsi | %0Q H§| kHs QQ%oxj‘EﬂQﬂés H3;COOC COOCH;
al kyl al koxy,[car bo@mCEpes Hi0egar sCOOGHes, Hg¢d i c COOCF;

si | oxanes, g i nated sil anes\ uori nat ed AN /
al kyl si | anes, !fl uori nat ed al kox | I anes fl uori nat bl
al kyl al kox fluorinate SI I anes Z
A vtk km@c%xyygcm “H0% COOC  'COOCF;
al koxycar boxpsi | ages, ori nat ed
sivl g’?gu F3G

al kyl Hz&oxy, box tor i natfg@ | i e%ur

si | oxane;\&/fl uor i éf‘t ed J/c Si | oxanes Qnd m gt ures \ /

t her eof &n:pl,es ok e 'slass descrlpe \?kb oveE | / N

i ncl #B& but He AOt Qi ni t edCHs, t HEsfE showDi n |[Sch€ne CF;

1. H COOCH3 H3C COOBH3 H3CO COOCH3 Si Si H3COOC tCKOCH

3 H3COOC q HSCOOCCOOCHS H COOCF3 H3C COOCR3y H3CO
COOCF3 Si ¥ Si F3C I 3
\Si——o H \Si—o CF
/ Nei” / Ak
(l) S|1-—CH3 (I) Si—CF,
H;C—Si o F;C—Si o
TN SN
H o—-Si F3C 0—Si
N l\
H CF;
CH; CF,
[0056] Suitable examples of silicon containing compounds of the

s disclosure are those described by Formula (ll). In Formula (1), R® through R®

can each independently be H,
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F3COCC | bOOCF3 F3COOC | bOOCF3 F3COCC | bOOCF 3 [ 0056]
Sui tabl e exanples of silicon containing conpounds of

w0 b@703¥c osure_ay e those d ri bed by For nul apCT/U$2006/685303
Forrmula (I1), R™ hrouWan each i ndependently be

H F, OHIC1-Cs |inearg;branched or unsaturated al kyl,
G -C 8 linear, branched or unsatu H)Yd, al koxy,
substituted or unsub tat uted cyclrc “or cyclic al koxy,
substituted or unsultiuted aryl or aryl al koxy,
substituted sili conRéo ai ning substituent, partially
or fully fluorinated G -Cs |linear, branched or
unsaturated al kyl, partially or fully fluorinated

G -Cs linear, branched, unsaturated al koxy, partially
or fully fluorinated substituted or unsubstituted

FCOH, I05-C limaar| brarehledxy unpaturated| atkyly C{-@gllinear, branched or
fluorinated substituted or unsgﬁﬁt ituted ar

ungatdsaied RlkexyaistpsEitad P YnsUbSHIIeH FElicyc e Efk@afy,
sﬂf‘dﬁt#ﬂ)ﬁ}@?l %tsﬁbgﬂltg éﬁ&géﬁ %rglﬁﬁfkoxs? stlﬁﬁé& isficb¥ cBhtaining

orinate or m xtures
sulbstituesyft, pﬁxlaﬂy)bemlquflua&nateddagﬁ:g maean blFamhﬂohon(wmsaturated

i i e o

%h’z bPﬂﬁlyWIuonﬁ)éféd)élﬁ@@fﬂtute&”%? s GHsltaRerdclic BBLPSIEYalkoxy,

opoxy, | sopropoxy, butoxy, phenoxy,

pamaalty bpﬁﬂllycfmnna;eﬂ w@twtedw unsubstitateel ambamwkglkoxy,

painly BERBTh e snstRigT sliten BRRLRb A RBRER s

péﬁl@ﬂ‘* @pfdn%/ fhl@ﬁmététpéélbéﬁﬂémoﬁdand@ of m»qumssmerétﬂe rwdamples
uor o pent af | uor obut yl , nonaf | ugr obut

omumrgmreﬁyun orla QD riaahdanhul e Nat TTEFAShayt, OH.

m%t C%“W%n@%ﬁ?@%ﬂ“ eefg)f' %ut)\gl I|ohenyl methylphenyl,

chIdJI‘ﬁényrmemylw)cloheb(yi i‘rhe.’tbd))qetdﬂmow, ppmmtwf Isopramdixyo butoxy,
phé'ﬁ)l%‘ﬂ %ﬁ% %?/E{g%gxy or o%g@’&%’ﬁ@@;xyloxy, trifluoromethyl,
tr@@ﬁtﬁtmwgﬁ%@&e%a e
heetafladtopoomy hisppsopyl, hexafluormsopropyl trifluoroisopropenyl,

tr(flhrgig{é#y ngﬁ@ﬁp@p@[r ?%%J(n;a [udRo er{yl)q{rifluorophenyl
(t(lﬂuérBh#éQhﬂ?@Erﬁﬁué%ﬁéﬁiﬂuQﬁ@édéiflu@i’@ybldﬁé& ,

di et hyl si in the case of |inear siloxanes

ttlfllum“emﬁfh!sli)denaﬂuomqyppbxhﬁyyldtrgiupmethoxy, tnfluoroet%oxy,
tﬂugﬁael?l)ﬁgﬂ), ?rlnjl@&Xpro%'oﬁy,fyérﬁéillL?&%propoxy, heptafluoropropoxy,

hexafluoroisopropoxy, heptafluoroisopropoxy, trifluorobutoxy,
pentafluorobutoxy, nonafluorobutoxy, pentafluorophenoxy,
(trifluoromethyl)tetrafluorophenoxy, undecafluorocyclohexyloxy,
(trifluoromethyl)decafluorocyclohexyloxy, dimethylsiloxy (in the case of linear
siloxanes), trimethylsiloxy, trimethyldisiloxy, pentamethyldisiloxy, diethylsiloxy,
triethylsiloxy, triethyldisiloxy, pentaethyldisiloxy, dimethoxysiloxy,
trimethoxysiloxy, trimethoxydisiloxy, pentamethoxydisiloxy, diethoxysiloxy,

triethoxysiloxy, triethoxydisiloxy, pentaethoxydisiloxy, n>-trimethyltrisiloxy (in
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triethylsiloxy, triethyldisiloxy, pentaethyldisiloxy,
di met hoxysi | oxy, trinmethoxysiloxy, trinmethoxydisil oxy,

WRenwassrieny dilstdrisy suth 8 ienathelgioycidiétriRaRYEUEIING935303
triethoxydi sil oxy, pentaethoxydisiloxy,

hEZamethyﬁtlsiiqwr(irstheoG@se(®fmychﬁéﬁlém@(nl$9l suehsasoxy (in the

of B EY A s Tx e, Tor it B wries SLR" dpianghR’ ipplude
HR?hMHtwgmeﬁ%xw@thweemoxfana%tlbw , FOEFbaYla (ﬂ) ¥ methyl,

oxy ‘and S|ony For Fornul a et hoxy.

ethexy angsaubstitused §llom9r%mswgferm%f%rﬁeef@r¢l¢gh R&for use'in
| n sen conduct or applications.
%@Wﬂ@%ﬂhc i licon contai ni ngpgonpounds
suitable for th| s di sclosure include, but are not
limted to, silane thyl si ] ane, di nethyl sj | .
19054t hy | EXPEINSS SteilemAanRETIACRTIPRYIGY Shkatle or this
d%‘cl%tsﬂré ﬁ:c'hﬂ%eb 5?@55?’I'irﬁ SPREL silhisd rrﬁ@ﬂ&}‘éll hé?&‘@nethylsilane,
propyl silane I propyl's ane tripropy ne,

trire¢thgsilany, tetrhmmhylsdmm @ﬁwmlalnandlethylslm tnisthylisiiames,

L sil b [ sil
AT b0, AP TR B e
|§&?6Wlélrah638f@ﬁf§b*l§w&ae qm@@bﬂbﬁkll@“aﬁé hexsmobas|syisilane,

trimet hyl net hoxysi1ane, trinet oxyS|Iane

butylsilanet dubmwlla@@etrlbbéyladaneettetta@gyls&ar@

oS Bt 0 P MM RRR RS igorstane

triraéthaRydliRxgs tétrdraethBRySildne! hothdinetingxysilane,
nmet hyl di et hox'y3| | ane, et hyl pr opo i | ane,
3 “ﬁﬂﬂ'

nmthﬂﬂwwthpw% aﬁymaﬂaﬂtslethquﬁéaw stiidisthoxyeilane,

wfbEFRSARBRS he brdEtheshans, SREHIRMEDSIENE, (i | ane.
ma?ygdleﬂ;nomﬂm?,WEMropefy?{bﬂe | &umtl;mdqoymdméane

' enyl si | ane i phen n
trﬁ%ﬁk&h‘?w#véﬂ?n@ RamBoRAHIANG sk PG aRyysiane,
dfrﬁétﬁ?fdgé’%m? dn@”ﬁimgﬁ&f%drﬂﬁéwélllﬂﬁ@nﬂé’(rb%dp%}ﬁ)xysnane

ane

m&thmhsoprop@xygvlapeemﬂtméphwauanet metpidipbepysilanes,

nﬁﬁﬂiﬁp?ﬁ@yﬁg %gwwﬁgp\pgﬁﬁyt/lgﬁnde'g r%réﬂwﬁ&én%/ﬁ]sﬁrane
neth{Aythet %M)QWW&@ ldRAfsthylphenyl)silane,

di net hyl (nethylphenoxy si | ane,
methyltri(methylphenyl)silane, methylphenoxysilane, methyldiphenoxysilane,
dimethyldiphenoxysilane, methyl(methylphenoxy)silane,
methyldi(methylphenoxy)silane, dimethyldi(methylphenoxy)silane,
methyl(cyclohexyl)silane, methyldi(cyclohexyl)silane,
methyltri(cyclohexyl)silane, dimethyldi(cyclohexyl)silane,
trimethyl(cyclohexyl)silane, methyl(methylcyclohexyl)silane,
methyldi(methylcyclohexyl)silane, methyltriimethylcyclohexyl)silane,
dimethyldi(methylcyclohexyl)silane, trimethyl(methylcyclohexyl)silane,
methyl(cyclohexyloxy)silane, methyldi(cyclohexyloxy)silane,
methyl(tricyclohexyloxy)silane, dimethyldi(cyclohexyloxy)silane,
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nmet hyl (cycl ohexyl )si |l ane, nethyl di (cycl ohexyl ) sil ane,
met hyl tri (cycl ohexyl ) sil ane,

wal2oe 80 slich el heNexybildnid, Fsthyldi(methylcyclohexylPCT/US2006/035303
trimet hyl (cycl ohexyl)sil ane,_ )
MeEMHIMREVISYCOfexpiex)ailRee] dimethyldi(methylcyclohexyloxy)silane,

m@rﬂﬁtﬁfllﬁgﬁn@?%ﬂyﬁ%?@ﬁé%ﬁl sé|| a%ﬂgyltris(trifluoromethoxy)silane,
triflormethgit(stetfinpramethorg)sihe; fiustetriethoxysilane,
tr%é%@bg@%@gﬁéﬁgg%%géﬁ?% ?1Ie|, \?igsl’triacetoxysilane,
viﬂ@%b?\?ﬁaﬁ%}@ﬁ%@%I‘??gﬁé}%ﬁﬂg}ilﬁQﬁ’gi’me’thylsiIyl)propynoate,
tridile_rt’eylla'WI(_clTimeﬂ'ojllsjl_me(x%ar?elkgt)asirintzfath?/lsi@ylmmﬁbp:(eIceitatgai _clyci one
. - di. i cyc) ohexyl oxy) si | ane,
RS Ritorale By REEISIe.

tri'('fﬁflbbfﬂda'bietrirﬁe(?/@lléhéPfrfé‘ﬂWlﬂ?‘i@t*Mhéﬂda@@R)xygsil_ane,

trifluoro tris(trifluoronmethoxy)silane,

methexybitrifleoresogioxyasiiane, tetra(tifluwyeadedowny)silane,

te&%%g%%%l{ﬂ%%fégé%@bﬁ%@l‘@wglﬂ ,tﬂrmieﬂflﬁitir%éﬁ/iletcaquwsilane,

phédwwﬁﬁyh@\@)ﬂa}bb(dxyfsm@)ﬂh%h}/hébé@k?@h’ﬁétﬁ?l@ilane, 1,1,1,3,3-
trimethylsilyl (trinmethylsiloxy)acetat, q, ) )
pentametimhSsacstpxydisiiaxangamathylsiacetoxysilaneethyltriacetoxysilane,

T R e R e & stogriane
ey slldnen b b etaalane,

net X N ri . . . y

diBEh b daibisiEae cRsftmehas v BEienate: oxysi 1 ane,
bIBARKHYYISIRHAENISERALORIREY ably B théthFlshite) | ane

agsiexyttisethyisilane] aeetoxymietddimethvlacetoxpsiane,

DeEN t hyl - 3- acet oxydi si | ox .
RO rstoRiSiane coeny R Ftfiosasgionsiane,
prr@tylwitﬁﬂdm@mewwfdde@@@snaﬁé,hacryl oxytrinethylsil ane,

et hyl tri acet oxysi | ane,” di net hyl di acet oxysi | ane,
(pgntafluprerhieyui)disestbyipseiauysiiane,
p%r@ﬂ]ﬁ%&@ﬁ@ﬂl@ﬁ%ﬁ%ﬁé&%ﬂ%ﬁ% phenyl(trifluoroacetoxy)trimethylsilane,
(trﬁﬂLﬁr?phér?ﬂ)bmé?%@?rlrﬁfmytsﬂhmq?ﬁawzdw tyﬁ*iﬁ@rjf_lL;orome’thyl)silane

acryl oxytrinethyl silane, acetoxytrinethylsilane,
1,36t Snteigunraei romcsipedisinsane.
R ORISR A e siane
(tifhenginethy tiiddedaxysitendy| ) acet oxysi | ane,

ent af L,.uarophenyl ) di net hyl acet gxysi | ane,

R PSR SRR O S e,
mBtRRWIOkYtHfthrepcthyionhhe] ABAUBbSthY BfiRcetoxysilane,
di(trifluoromethyl)diacetoxysilane, di-(nonafluoro-t-butoxy)diacetoxysilane,
dibenzyloxydi(trifluoroacetoxy)silane, acryloxytri(trifluoromethyl)silane,
acetoxytri(trifluoromethyl)silane,
acetoxy(trifluoromethyl)dimethylacetoxysilane, (trifluoromethyl)silane,
di(trifluoromethyl)silane, tri(trifluoromethyl)silane, tetra(trifluoromethyl)silane,

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

WO 20F0PBM-B\ silhHE ! BifRiofySPobyBSIRIneX WiltriiubRoROpPCT/US2006/035303

(t rifluoromethyQiriacetoxysilaneethyltriacetoxysil ane,
t(rHueropseRytisiaDe ) etraHiBuerepEInyhsiiane,

h%%ﬂ%ﬂé&'o%@ﬁé |%1 ,f(# Lﬂg%%ﬂg{i'%ﬁ%@%ﬂ;ﬁ‘éﬁé“ys' | ane,

tn(lﬁéxa‘fl|ubml§@;§r’©wv)$|rana¢ tﬁtm(hexéfmwo|sopropyl)snane

(rafdarmbl) S{a‘i{%‘itdﬂ ey ubaiiapeo dG Muarbutysiane,
tewa aa.f.l ;s(:l Ha {t)ﬁ’fﬂfo?&‘r‘u% r;g@vr)rﬁé{h%&@a|ane

oxyt ri ronmet h
d|&qﬁmnoymethylt)dmfdtlommsﬂam@ythﬁtsmenmethyl )methoxysilane,

el L Grosoe R pahe Lo e Yy AFRASHRIRGR) &1 | ane,

(tﬁﬁdc(rbﬁie&l‘&lﬁj@@ﬁﬁd%ybﬂéﬁé ‘%ﬂﬁluoromethyt)trlethoxysnlane

ra(tri’f romet hyl ) si'l ane | uor oet hyl )si | ane,
dlarltluonormetbyk)@eﬂydxysnlamérl(tmfruo(romethwmeiboxuaﬂ)a@e1 ane, .

tq@ﬁnﬁ@?rﬂ Mﬂ%pbf' Iggr%ﬁp%hyl)ethoxysnane

(tﬁﬂlﬁéﬁféthﬁfl}d?éﬁ]@&{lﬁ@hb €thfl@é}@methyl)propoxysnane
hex uor oi sopropyl)s

d(ﬁl}lgﬁwthmwlgrwg g,§,r|Qtrgh@romethyl)propoxysnane

teﬁl’ﬁk{nﬁfj%@‘%&*@%l@rﬁo |ﬂ8¥ ﬁ%th?l liso SRSV Ian? ane.

d“(tflﬂ(JbrrleﬁéthFl)mtsdpyd)pwylsm trl(trlfluoromethyl)lsopropoxysnane,
tetra(trif uorobute(l Si |

te(”@iﬂi”ﬂ”@'iﬂ*%ﬂﬁi@ﬁ?ﬂj)ﬁ r}?et(#ﬁlﬂsa%qm%fhw)d"sopropoxysﬂane

(tﬁl’llfc;rg)ﬁ gmm@%%g m@g&@ Hﬁgﬁ*‘phenylsnane

(ttlmlorametlnyl)tuphmmmlamey)Jls(trlflaneqmethyl)diphenylsilane
i | ane

Y pTiGr G RYTY ST, HRyeRRiiayD(methylpheny sitane
(tﬁﬂl%drﬁméfﬁ;ﬂ)m(maﬂhywhbﬁy?ﬁml | ane,

ri fluoroneth di et hoxysi | ane,

(ttlﬂmc(rpma’tlnyl)irl(meithumh)snybﬁtanps (ﬁlﬂu@romethyl)phenoxysnane

(tflf térﬁh%l{n@#ﬁﬁlﬁ%%g%ﬁ%@'c{ (?lnfﬁ%oromethyl)d|phenoxy5|lane
(tiflliorbmeteyiRhthyighehbapsitireane,

(trifluoronethy r opoxysi | ane,
(teiyarPmatas i raehy IPhenBXBELanaI | ane,
dl‘[({rlk‘lglz){dt ét#ﬂ?f)&igﬁ%gé} Oﬂl{%@l&?g%hé alffuoromethyl)(cyclohexyl)silane,
(t(lﬂlnorbhtsihxd;rce(dwlohbxyl)salapepﬁnﬁwohm‘hleyl)trl(cyclohexyl)s|Iane

dg‘i"' 'E‘%H&‘Pﬁ%&ﬁaﬁﬂ%ﬂ bﬁ'ﬁ) Er*@tf Ogﬂrglethyl)(cyclohexyl)mIane
(thﬁﬂg§@fﬁéth§lms§$ﬁyla9abﬁww|§hé ane,

uoro | | sopriopoxysi | ane,
(trlfluoromethyl)d|(methylcyclohexyI§) ilane,

(trifluoromethytri(methylcyclohexyl)silane,
di(trifluoromethyl)di(methylcyclohexyl)silane,
tri(trifluoromethyl)(methylcyclohexyl)silane,
(trifluoromethyl)(cyclohexyloxy)silane, (trifluoromethyl)di(cyclohexyloxy)silane,
(trifluoromethyl)tri(cyclohexyloxy)silane,
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(trifluoromethyl)phenylsilane,
(trifluoronethyl)d phenyl sil ane,

W@ paa7fbaeas eyTRtifeycldhekplogysiiane, ane, PCT/US2006/035303

d|(trlfluoronethyl)dlphenyIS|Iane
(mrioremetnyiemerteyalghmeiadisipafe,

ity TRREAP ) < e,

(tﬁftuar?qneﬂmmmthybycl()hekyigok)phlhmd ,) si | ane,
duEtEMqrp%ﬁﬂ@{ qlal}& @E&ﬁéﬁ;’g'g? gfiane, tri(trifluoromethoxy)silane,

mg rfyit tﬁﬁmﬂ{%ﬁﬁ( %@%l‘%‘@lﬁéﬁf@ moggrgethoxy)snane

trlmmhyl(tuﬂxummdmbstnm hnyetbhléh‘iﬂugr)nsemamé)snane,

B T AT PR Ao AN rane,

d |Héth§lﬁk‘t‘?iﬂ98ﬁ5é?b{6>lﬂé|(é?‘béc ltlﬂﬁéﬁ‘\W(i)rﬁIUb?diﬁethoxy)mIane

trifluoromethyl)tri(cycl ohexyl)sil ane,

metr(yll(mfﬂmn@eﬂmﬁymamw roethyldifti rygﬁhpayi)@lane

A B BB PSR PR shane

thé’th?IttHﬂu@’@Spfd&bdmlbﬁét htéthami(l@éb@fwlo}@sbmoxy)snane
tritluoronethyQir Kmetg%ll cycl ohexyGsi | ane,

dlme(thyldu(m@@ﬁfba%@lﬁwmp( laN@.cycl ohexyl ) si | ane,
trMértll(q%l H&alf'lﬂf)&ﬂ%é‘%‘%&ﬂ@ é}Yé W&h?f&ﬁf%kémc;rai%%propoxy)aIane

uorone exyl ox
methyil(pentafluoed ha nyd)is (e Inndtayidi(pepiapheapsilane,

Lo Rl
trqﬂé’th}{ ﬁ@ﬁ%rﬁé éﬁ*l ég’é Myl[?thﬁﬁdﬂo‘h’fé‘th F)ﬂ)ﬁ’é}ﬁfl silane,

uor onet h cl ohexylox Si | ane
meth(yﬂdl[(frlflulormmethyy)phanwimlahgl methyithEkiflusxgmethyhpbenylisilane,

m%@{y&éy“ e{f@x%?c?éﬁ%%ﬁl%h%i%%mwg%entaﬂuorophenoxy)sﬂane
dﬂié!ﬁ)‘flﬁb(bé’htéﬂﬁbfddh@h@ h‘é\h@/)nﬁét'h?m@nﬂuoromethyl)phenoxy]sﬂane

trimethyl (trifl uoromethoxy)sil ane,

methgil(triflioromistydphergxdsilanese,

AR oo AR R

nﬁkﬁ%hﬂbdaﬂmdmbydoh@ﬁ}mﬂmyé si | ane,
trinmethyl (trifl uoronethoxy)silane,

MR (I PUBRSIE ey 5 PRe
R dd LS BRI MB b ane.

dimethyldi(undecafluorocyclohexyl)silane, trimethyl(undecacyclohexyl)silane,

" C

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

methyltrilundecafluorocyclohexyloxy)silane,
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met hyl (trifl uoropropoxy)sil ane,
di met hyl di (trifluoropropoxy)silane,

WO 200nos30 i f1 uoropropox \'9) i | ane, PCT/US2006/035303
d'mﬁmwm'ﬁe%ﬁﬁwmﬁslp PXYRXOSERS s | ane,
meﬂhwmnﬂ)’dréh{ﬁggggz&b%bﬁgg&?fsﬂﬁﬁéY) si | ane,

trinmet hyl ["uor ol opoxy) si | ane,

mewwtdﬂwlﬁupnm@mwlowmwwdm@m; | ane,

meﬁ{tﬁ[ﬁ( lriﬁﬁ%@ﬁ%tbxﬁ%@%@&l ém ane

dlm@ﬂMﬁtﬁKtrﬁlubﬂﬁﬂéﬂﬁb@?dbhékyl@kﬁmIane hexamethyldisiloxane,
i me

ent af [ uor ophen ane,
octqmewy{tﬂyfq)@@ﬁt gpuagt@flggm%ymrqsg@gane trimethyltrisiloxane,
dleﬁ{t{@laéﬂt ri %gﬁhngﬁ){y%p %gnﬂ)???}s]?’lngne
tetrametfwmydlcitétrasﬁdmueopehtayﬂméthtnlemdbﬂ)smﬂaanm(ane,
totralfu Y BElIE Tk o e ReN y cpaasioxane,
“e@”@“?F*??H"?F%ﬁ%%’?ﬁ%?ﬁﬂ%ﬁ%&’%@ﬁ‘?ﬁ%?e’
decama’dyyldyqlquemtasﬂm«amaauhwlmpﬂwlmﬁnetthpxysnane

ﬂ@?nﬁ'iy e 'ESSJ%W H%’%‘%g&,‘&%ﬁ@%i)@ﬁﬁgﬁéé] 3l(trlme%hyIS|Iyl)acetylene

hex@i@ﬂrlhud)@rﬁétﬁﬂ%i@fdmreo@)h&fel(ﬂiﬂﬁébdrhéthk/%i%lloxane

met hyl tri (undecaf | uor ocycl ohexyl ) si | ane,

trls@Ifmwemyﬂ)@rml@wneumsﬁaﬂ@@r@n@tbvl)caaCIOAn@onane
tetr%r{sh P%@Wﬁ%@%ﬁtﬁ%ﬁé% C+@cﬁgnﬂ (1rcsameg%l),cyclotetrasiloxane

andmtﬂwﬂedlthérferotffl uor onet hyl ) cycl ohexyl ] si | ane,
methyltri[(trifluoronethyl)cyclohexyl]silane,
di methyldifCtrifl uoronethyGcycl ohexyl Jsi |l ane,

h
[00§m1t Eilt (ﬁr[gfe‘-%‘fﬁc{ %%%@)I%}%Whéélxﬁgé&?ﬁﬁ?ﬁg]&inhﬁé%ds in Formula
(1) imestutolel tdn(ajlhydexuziomsdoxm}&;Itnetdaxmyolmyr)sﬂokm _ _
tetrg@gnﬁgqy&wg{}%&@{?lngg&?E&Ya@i@gfcﬁg‘éﬂég' osxlaln%ne’ ‘e vooun
perﬂ@rﬁ@ yﬁdytcrdpfelnw|@a§héy¢érﬁaéih9n%wbemdsﬁbkm

trifluoromethyl)cyCl ohexyl oxy]sil ane,

octameﬂwlqyuc[%trasﬂwanedmthw rigthaysitang/| oxy] si | ane,

vinylmethyldimethoxysilane, vinylmethyldiethoxysilane, trimethylsilylacetylene,
bis(trimethylsilyl)acetylene, methyldimethoxysilane and methyldiethoxsilane.
Tetramethylcyclotetrasiloxane, methyldiethoxysilane, dimethyldimethoxysilane
and trimethylsilylacetylene are most preferred for use in the semiconductor
industry.

[0059] In a typical chemical vapor deposition process requiring at least
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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di methyl di [(trifluoromethyl)cycl ohexyl oxy]sil ane,
hexanet hyl di si | oxane, octanethyltrisil oxane,
W@ et0a/083073.] uor ri siloxane PCT/US2006/035303
R

throtan Fae ARy ¢vVd S RHGES FISRRSHR) PV iBYRTISARE,

tecHridi&s, hb{élﬁalﬁbobﬂﬂ 1Pot! PiReIo, pressurization of the container with
tetramet hyl cycl ot et rasi | oxane,

an iperaase LBY Iof @aneghanicalinusRing, mechanism, gravity feed, or

corﬁ&iﬁ%@o‘?ﬁ}ﬁ‘npﬁ%@: 3&‘%{‘%@?‘%&%@“” (e.g., a silicon containing

compumitg i iraasiorted froml separate container (12), through chemical
oct anet hél cycl ot etrasi | oxane

deliyrydinesHy Bbyie Pofrperiger mgpéﬁe(M) housed in the film deposition

tool TR T iRl AR B e Sin T coRkRl o 3T2)
throlmghathe delivenyrlioes(t By tg thiesvdporzee means (14) by a variety of

teclﬁfu%@ §t :‘Jlll({ﬂ{,lalgr ° ti Y : ﬁfq'i ql g%%éxrlzatlon of the container with

an ihBHYds! LEE bPBATBERUHIdA INiInG Phe ReMdn, gravity feed, or
tetra”~rifluoromet hyQecycl ot etraS| | oxane,

condynations theeeamet hyCcycl ot et rasi | oxane and m xtures
thereof. [0058] Preferred exanples of silicon
contai ni ng conpounds in Forrmula (11) include

[0060] net hyihdtie Boént thiat reastontdrprebinsbe Y& hotd sikicdrPEetaining
tetramet hyl cycl ot etrasi | oxane,

commq@éﬂmwg@@t@@mrtgmg%g@ﬁ% or it requires substantially little or no
eneg@mcgg? Cyc§d08§ﬁn§ fht do‘i’fé@ﬁ‘?nto the chemical vapor process line

pe nt asi | oxan
(5), m:saamtdh;dpbmbonﬁanas(n npmyensmd theverthe tfitvox pé alvaihe,

ety IR P ot o s o e
into"B by s Wm.&ﬁ&n% RBANnE®S %slee\;éfpgff% ighe-

Tetramet hyl cycl ot etrasi | oxane, neth oxysi | ane,
di met hyl di net hoxysi | ane and tri net hyI si | yI acetyl ene

OB 2 R GH A S R B S e ot st

onedRipsFizEt ﬁléaWsQQFéﬁaélﬁSﬂJtd a @Eeﬁﬁcdl QQPbr bMIeeBS AALI(SRiSs
there are several nethods he component's’ can

alsppossiblsi taagnnref @trleaﬁg)na)vmcgmeégnqarm@) zilregtlnctp the

ey S S S R SRS e T
vapoeligsi m@bné QM)Vlea/cherﬁEal (3por procesy ime (5@ direvtipgo ¢
deprc]agll’ﬂl%%dcr:arllnt;ehr (4). Addltlonally, 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).

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

chemically compatible. When using a single vaporizer means (3) both
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deposition tool (1 1). The precursor can be
transportedfromthe container (1)y a varie y
ae PCT/USZ()06/035303

I ud| n ]
o TR e hReS e e bR R cort e Mo e
chegfica ormwbqnmc@L H) Y6 e gapi e édns @) aVWhen ﬂﬁeﬁvo or
conbi nations thereof. The second precursor_(e
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oo SRR RNy Ohe EREMER b
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Wh@'%lth‘?/g’{’]?/ PIeqiesereresgrariely fighensad 2 fkt)gl%yaaorlzer
medd {3t the&iedﬁﬁ:@'t@ \WshensB &aiddl éﬂ@curk%kﬂ’ CBGIEI ditn ?N |ﬁ90ﬁ/8’

pressurization of the contain I ner
flowbef @&r@fﬂmlﬁﬁstw“athrquglr(ihﬁg:hﬂﬁumirdeilnﬁr)gllm(t@ td ﬂmﬂyamrlzer

med BTERIBI T bk ABUEE s secthiirecllimel Syl ing SReBitR una)

delivéryainga@ 53to HRO@A RE hilahsq3) Withiolt Fé?ﬁ#l'tlbﬁs Alternatlvely,
substantially little or no energy to be vaporized

therermay biea pegd de dowmne presumEes il the aperndhprsEsor| am

repeingSe SRER N AR Lecifia BRBDR, ohfeg Tthe MRLERY oRl B
whcﬂlgpmm!ndenbonSherfllnaprdtmﬂle:sedesm Irothierdves gt onilyndee a
or wi thout a neans to enable
VaPQHﬁ%rr ?Q{‘P 'S[%Géli?"el teqagd W'Fﬁhfnet%lsr(aﬂblsm%ttneeded-
while it is deS| rable to have at |east one vapori zer
neans (3) attached to a chem cal vapor process line
[0063) , it Ih= plosespoblowing two differsst predurtesshraugh separate
rizer ans rectl

chel oA 158 R ARz hsa g Uitebls PrRGHBCR B Rl S2ch

preom@@f b&® Farigaits m( digout (000 Rt RIsHuCR m\mﬂmut@r frﬁs%pbhasr
or directly to the deposition chanber (4).

meéxwd(& iTghseryes as gazeans tovasnyertiliqelid Bleawssordpa \apar oy

i S0 LGP BHERE ool Sur AT o e ik o
othelahesies Yo beo@aplidh thiy easko mm@m@t%élp the wapmlz@l rlnlré;gﬁ@@
por process

14) Biosnsiat 0l ucontainen thatinoids e volne pf Haedclheauatowhigh an
inerf!§RO N HibWBd HaARRANE4S (a) convert the precursor from a liquid to a
vapor, and (b) transport the precursor vapor into the chemical vapor process
line (5). Regardless of the vaporizer means (3, 14) design, the conversion of
the precursor from liquid to gaseous state may take place either in the
vaporizer means (3, 14) or in the chemical vapor process line (5) The
precursor is injected in the form of a vapor or mist into the chemical vapor
process line (5) that is commonly heated between about 30 °C and about 120
°C to prevent the precursor vapor from condensing inside the line (5). Mixing
of the precursor components can take place in the chemical vapor process
line (5), or in different locations within the deposition chamber (4), depending
on where the vaporizer means (3, 14) are located with respect to one another.

The chemical vapor process line (5) is connected to the deposition chamber
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[0062] I|deally, separate chemnical delivery |ines and
vapor|zer means are used for each precursor, however
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precursors are co vapori zation,
abosxh 6)’@0 tmnn tei enhvance vapdn&atwmofa’et@ ;srenfptsy)m andlty thslpt ke the
on i n tFe chem cal delivery line (15),

preff:qﬂsp@,\@ B)yaPQbB P$&tion of the two precursors in the

vaporizer neans (3). Wen the two precursors are
arately dispensed through a single vaporizer neans
[OOQd)O

t hdt shajild rb@eumdﬁrelioggdxystboee@hlllpdemm@ ort thaithe

conBaEirt b MR et/ hite! Gy RrG6e8saa d aadhe ehasiton,
prot&dd mmb@yﬁwc@wvﬁ ry froREEEPSEitisre R0l 5P Hepbsifitd fodlhe
chem cal delivery Iitne (15) to the vapori zer neans (3)

depgngingen thepaauirebientafardhe procassy  Fanexasmplaydesigns mayd

d
inclhio Yaftdtup BBpafetfses flat affeciinb nBHEC HBHRG “Cting] o 21
distiibetigr ot:gasesm&ﬂmh the\lldyetéﬁy ﬂfhes?dﬁ]u |tnohud|tema1 appamatus
n
navigBATIss fO Rk e Gased. & hdad Zone t6 Boah davandt saaling zone
to C%Pé‘%éslé)cHa?thorbﬂ%% Sresb Q¥ @iudntﬂ'aﬂoﬁr&‘:@%m%rhead to

ow ng two different precursor rough separate -
dlstaheﬁen gases| o\mééhalsdrfaa@of axeaferreBasigna nsay, tfabexaample route

cheffi VB3 ol b fera Bt ARG G Bl BB bty
mixing apbrafiR! Hadugh sPhéman sohe ahantHRsUgH 4 @.Hbﬂeﬂf@%@f@fe
to a vapor or m St and it can use various tech nlzgues

the gases ate Rassed 10 te phstate 6)dathe depesitien chamher (4. Due

tal I
to tREERBleRY o Hebid RSt e Sl kel BT W o o
varmblhty%sﬁd oh aigied, driviendaygthewrbedssathe bptibngage désdribeved
a means to (a) convert the precursor froma liquid
°"|¥6‘%ﬁﬂ%ﬁbﬂerm§ﬁl?r?b) transport the precursor vapor into
t he chem cal vapor process line (5). Regardless of the
vapori zer neans (3, 14) design, the conversion of
[0065] In our general example, the precursor vapors are transported

through the chemical vapor process line (5) to the substrate (6) in the
deposition chamber (4) by a stream of gas flowing past the vaporizer means
(3, 14). The stream of gas is supplied from a source tank (7) and flows
through a gas delivery line (8) to the chemical vapor process line (5). The
stream of gas, having a flow rate of about 5 scecm to about 10,000 sccm, is
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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the precursor fromliquid to gaseous state may take
pI ace either in the vaporizer neans (3 14) or in the

SRS OB e PR RS (bt e LR

&hdﬂh&@iréﬂﬂ'bﬁé@Wa?&ﬁﬁ@%ﬁd'thé‘ fké B ehRaicd m&&{pﬂmﬁdﬁ process.
heat ed between about 30 OC and about 120 OC to prevent

the precursor vapor from condensing inside the line
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torr, to enhance vaporlzatlon of the precursors
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depvsitiasteol (11§ b?%rmd rh8&ngignd at Vatsuloeatisss MmelRbcess,
(4) can vary tfromdeposition tool to dep05|t| on tool

depessineen §hedesirrd eaet ribisanest sasvenient fp Biwsiicempieactant
BT op SR RoTTH ) LI R 48 0BG e o
havef argy addemomalt\)apmrlzbe nesssamthd baseéwmeye Ilqumbluéacmmts are
usHhrR BiTieHal VAHhZer M Phges SRVl IRedsei40daoduce a
reaemsﬁ bk é‘ééd)%af ﬁresw.ﬁt WA fher s &mweﬂr hﬁe (8) meets

r ea to distribute gases over the surfac
themfemlcalwappg progesy, linkad) axsineas) or dowesitceamiafdhe \vapoﬁaer

f i cal L j th
men AR R A PR (oot R SAERbe S g s
topt Bf BotEdm df R Bepdsitieh @hanibes (dpsrehe i deposaibntiBol
the substrate (6) In the deposition chamber (4). Due

(1.0 the conplexity of designs that are available in the
mar ket and their

[0067] The precursor vapors, potential reactants, and inert or reactive
gases may also experience other conditions used to enhance deposition,
such as heat or plasma (9). The precursor vapor may be preheated to
between about 50 °C and about 800 °C before contact with the substrate to
enhance the deposition of the precursors on the substrate. A plasma may
also be used to add energy to the precursor vapors and enhance the
deposition. Additionally, the plasma may be pulsed on and off to change the
properties of the deposited film. The plasma power and pulse duration are
carefully selected to enhance the deposition of the precursors on the
substrate, and to modify the chemical identity and properties of the layer

deposited onto the substrate. The plasma may also be applied over a range
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variability based on need driven by the process, the
options are described only in general terns here.

o SIS T TGP T

troml apsut (Bb devetdikiswats! dhe s{LﬁJ)stnate hizy alsphave Iadmas of
charrber &) ) by a stream.of gas flow ng past the
be %n@
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I nert, such as nitrogen, heliumor argon, chosen

Si rrply to act as a neans to transport the precursor

por t I I - as,
[006§i‘ch as?Bégg%ﬁgR@S%%bS%on &ftlﬁ@ﬁlnt? @%%%é:@gg | uor
prop@%edW@HrﬁBé Agjudied bhehé ckeick@ferditing ell”cbﬁ cdatisingi on
pr ocess. 0066] As the precursor vapors

comppHRd pibetayvglic alkene amployediand B U%@R/‘a%ﬁ H&e f vagous
reac\fwg%aggg ,rpfhen&rogeggact ants, in addition to the

ort enhance its deposition onto the
substrate The reactants may be reactive gases as
above

J her... i cal
[0068T o o ShbSs A8 g S SEP LR BB AL TR b
subjébfg%int%sa c@iny 8@p: 'IEHGPQUWQSste9§trﬁéyﬁals6%é3§|‘ﬁgloyed to modify

ehydes, carboxylic acids and
e.g. rtleadeaartysoaelenmﬁ@fmmmﬁmraoﬁbetfwﬂe o ghaage fikm

profegties sotthes B RiERdt dsiBPel ndteR shaherlSBidh,

propetii€s offgRGRint EThedd euritestepbshdptempribe aaherasl eedtment
can be introduced into the filmdeposition tool (1 1)

by i apalicatios afdeat thipdgRONERT RISUB beating MReans »‘s%u*ré1 as hot
plat‘g { OB in F&f@rﬁ‘@s ??Clﬁeﬂ?oﬂg\?ésr eﬂlt@rﬁgﬁ\‘fély, e dLﬁ‘m@’kﬁE\y

Nenrent to Imro a react ant
comibeisesa plasmattesatmient, dra chepicat treatrhentof the firh. Wiese be

necessary to have an addltl nal vapori zer ans i.n_the
Ui SRR TBRE HhaplaGe 16 A IaFA SURPEPHAIB 46 Tk Pse R

9. , 58l okl
redl?’cﬁrﬁ’gg’lﬁgéepr{aﬁéréé 0. AydEserd 8t hy&fotalddts, 88&s okRlizing
atmosphere (e.g. oxygen, air, ozone, nitrous oxide, carbon dioxide) depending
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
Comparative Examples 1-7

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

with an additive. In these tests, glass ampoules were filled with approximately
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reactant can be placed near the point where the gas
delivery line (8) neets the chem cal vapor process
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Présgiid t he substrate to enhance the deposition of the
precursors on the substrate. A plasma may al so be used
to add energy to the precursor vapors and enhance the
[007d&posi t Sampl@&jmere theal ¢xposeddofeaperatitgs of5Ghar 8e4Cdar a
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precursors on the substrate, and to ITDdIf% t he
9

vacughahfiooan terdeeratyrg, and ﬂpﬁ ppervolatie gecemposiipa products
rem%ﬁ%ﬁ I‘tbéayﬁ‘gq, O‘Tﬁ% e&%n i 2’38 mbSBltlgF orp e%ﬁfﬂ% Wa%ﬁ whE
detefinirathby sompaéing dhs maaiseofithy cahmméraa/fterahbleapenment to

bet ween about . 0 about -4Q0 hance teri
the MagHoH 8 cwa)tatr}?é%ﬁ%t P%@épeﬁ*ﬂ@ngc [) ? epgg baveen e

o lsed R oFp it 100108 e st urcer

thosemmtdnta:trm 'Ehe nm,sshné thes eddutm)e sveasosudradted du’p’@sgltle @rresfilt
cur sor

ubs r nreact

that Bpiisrrere R ton grosmpexian tpet dorlieBonna o B pARS was
mungdl%msv 20 16 giRAhbtdridurttiofisbhd thatWo@ahet faund time Lf of m

roperties, can be adj usted by the choice of starting
sampié.i con cont ai ni ng conpound, the cyclic al kene

enpl oyed, and the use or |ack of use of various

reactive gases in the process. [0069] Subsequent to
[oo7dje fil RedereDutliined, intTadlé nishioa thiat fonpury 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 (gIL)
Comparative 1 80 Air None >3.00 |
Comparative 2 60 Air None >3.00
Comparative 3 80 Ar 100 ppm MHQ 0.61
Comparative 4 80 Air 50 ppm MHQ 2.21
Comparative 5 80 Air 25 ppm MHQ 2.63
Comparative 6 60 Alr 50 ppm MHQ 0.27
Comparative 7 60 Air 25 ppm MHQ 1.15

When stabilized samples were exposed to air, less decomposition was
observed in all cases compared to unstabilized samples. However, there is
still room for improvement.
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subjected to a curing step. The curing steps may al so
be enployed to nodify e.g. the density or el enental
wa@oorposiors ons of the filnms to change fil m propPeT/UER06/035303

such as filmstrength, dielectric constant and various
[0078§ her Pk aPRRpdIRENtab ok ttdt vaporiieraneans typicallyasedingthe

conprise a thermal treatnment by the application_of
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desighed italaycelepatadiesgmposition thebinight assunPYel MyRAMRRIan

periag obfipe i sunovS veAHaw B S Rl ROIEEE o IR ehbrlcHt
prio ative Exanples 1-7 [0070] A series of tests were

ri .
devi sed to conpare the deconposition of pure NBDE
under various conditions agai nst NBDE whi ch has been

oo L e PR M e

stabilzer are prefefredethe @ﬁgar@mptraﬂomaeedgd ieegais{amaé%nde ne
sanples were prepared in a nitro - pur ge ovebox to

betwgesy appropxighs stebilizetian pe e @h%ﬂ@gg&ﬁ%’eaﬁ% e the

congéﬁﬂﬁe{ﬂgrﬁ%rgre eo???er@ﬁ%?ﬂ%@u@ﬁor?&ﬁﬁe%ﬂb@hw potBstidihen
purge t I e

hre s'wth roomair over the course of 5
resides suth gn ther stabilizbeitsaih thatroeuldbé feft behind dwhere lawaint

pressure. [007 S e re the X .
conBRRHIORE,ATEPIBTETERS o TP CRLAnCE Bsaean 0y tda ,alst oY
i 'WF@ ARl WiRg 29 16 B0PHR O biabilizepsdth aeMHQ,

Stal%kt"zq t elegpgri_nen?éwas conmplete, the volatiles in

wheradhe aopoeiteation is dependent omihalyee ofistaljlizar used.
tenperature, and the non-vol atil e deconposition
products renai ned behi nd. The extent of deconposition,

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

approximately 2 mL of room air in the headspace of the container to
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determ ned by conparing the mass of the container
after the experinent to the mass of the container

Wb 2400108307 H f Th ff
e e AT TR SRV L i
amb ddp%gg}ee under those condltl ons. The nass of the

tive was subtracted out to give a result that only
represents the deconposition that occurred, and the
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S y 8658 [
vacRfoBh R FRIRE: B e Aol Vol ACBTAERARDY cRoUES
remamep)lbebmdl—loWexterﬁknédecmmpesltlblh ergesiduerformation, was

rovenent . [ Q07 nt
detepBe HaronRangs ts nags o {18 8hh@Menael e ekfatiment to
the I‘n?gé‘%F fhe EHitalmee Befcre tﬁémbeﬂmeﬁsl Thediffepehte atatmeq the
ten use heat as one nmeans of vaporization, but th
two mrasses isthetamounhai despmpesiiion that @sylhed inke sapwie EEF‘GF
nmeans,.. S _C I T
o2t S ks 3 B PSRRI 5508 3
that @0 @peskdrs ties tett@pbbitibh shatfodchredhand the finalmabe was

presence of a stabilize st re
e foohiedsparned it ol v BRBUA ghit g ur
sa % ! much | onger periods of time (e.g., one year)

ufr'i ng shi ppi ng and storage of the cherri cal prior to

use. [0074] Though the data above suggest that higher

[00&ncent FashBn ovingstin tanié BishBnEinR it Staiilzed NBIE Hete
decﬁﬁ%@hgmbh W& Sbedr/kh 261 sAAplRE éxb@sé@ et gehlentivibes air’ for 24

er concentrations are preferred) and reduction of
houtshthaarfousamplespibiaé wera purgssi @mdewe@%meéﬁ “afeentitious air”.
stabilizer itself, that could be left behind (where
| oner concentrations are preferred). The best bal ance

CorRSan&Rrrofithe dai® sheweithabsamples purged with CO, experienced

Table 2 - Decomposition Tests of Purged NBDE
Example # T(C) |Purge Gas | Air Exposed] Stabilizer | Residue (g/L)
Example 1 80 Nitrogen No 50 ppm MHQ 0.14

Comparative 8 80 Nitrogen Yes 50 ppm MHQ 1.94
Example 2 60 Nitrogen No 50 ppm MHQ 0.01
Comparative 9 60 Nitrogen Yes 50 ppm MHQ 0.35
Example 3 80 CcO2 No 50 ppm MHQ 0.11
Comparative 10 80 CO2 Yes 50 ppm MHQ 0.76
Exampie 4 60 CcO2 No 50 ppm MHQ 0.00
Comparative 11 60 cO2 Yes 50 ppm MHQ 0.39

approximately the same or less decomposition than those exposed to
nitrogen, whether air was present or absent. Additionally, less decomposition
was experienced at a lower temperature (i.e., 60 °C) than at a higher one (i.e.,
80 °C).
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stabilizing a cyclic al kene using 25 to 50 ppm of
stabilizer such as WHQ, where the concentration is
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degraatip: ¢\an @fth@rme%%meawm\(en%t@%anrge gas was bubbl ed
through the sanple at a rate where bubbles constantly
rose through the liquid. Sone sanples then received
approximately 2 nL of BEX0GMPAESi n t he headspace of the
cont ai ner toaDDroxi mate exposure o a ven ious air
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deconposition conditions. After the experinent was

stainjea seek containar dheptighea chemisat delivasy line tQarkeatedoy ed

vapliie H 4N R ATREE HiEprftisdrie i ol
cheffuszd vapsi prioeass tine tieat i heafear B0 W anddmanspoeteditoed by

ng_th f the contai fter the
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! o .
syst{%ﬁgﬁéér%ﬁ@ssuﬁ‘ﬁeﬂ' et Pﬁuhﬁg’?ﬁgpéﬂ??o INOsIBSERE, the

nt o econposi tion it resulted in the
precasq \aponcad transpericgaslistiixed withhe flowsef of t he

ddi tive was ed out to qive ar L1t nly
metfidiatacfslEin MaREDHGE o hiorofisto! Gebro sl eth R
DEGS NG ARINEBE. MHié gpkinsisttpy i2Exdcbedi toea Fla%rredrpuwter of

solid that would be found in 1 L of sanple,
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.
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
stainless steel container through a chemical delivery line to a heated
vaporizer at a flow rate of 1 mL/min. The precursor is vaporized into a
chemical vapor process line that is heated to 80 °C and transported to a
substrate using 500 sccm of carbon dioxide as a transport gas with the

system base pressure held at 6 torr. During transport to the substrate, the
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[0077] Results outlined in Table 2 show that for
st abili zed NBDE, nore deconposition was observed for
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on tHepswrsttademeingtthese Condition60 0C) than at a hi gher one
(i.e., 80 0C)., unaer nen ai nospnere, sucn as
nitrogen, that are not purged (i.e., those nost likely
to contain "adventiti gx@AMPLE)7 are likely to
experience deconposition in spite of the fact that the
clic alkene is stabilized. Contal ers

[008A ¢ ogeﬁhrs@namme@rmg»y%wewpp%ug Bamols 5 Howdvg e
carbgﬁvo%ggaﬁl o) c?iﬂ@é’ﬁlrﬁ g%é%ﬂﬁfﬁP%)@i—&éﬁ&l%@%ﬁﬁ@ st

rogen 1 s hel pful, but
The it ¢8 agnealed a@@ZSdﬂ]ugdiarmi‘amgemﬂ:afdl Uemsrtabfemoéyﬁf ect of

subéggﬁﬁqlfﬁég mbg@g@\éﬁ@t@q S uﬂﬁge Efrg cu rhsl,% jreatment
typl%%g':glve%t@Qllésﬁt@ﬁﬁlﬁﬂérhllrﬁ%lﬂpm&ﬁeﬁ\&@e%ﬂ% SoHaeet Wit h

s tran ed, with the aid of helium pressure,
froma stainless steel container through a chem cal

delivery line to a he izer at a flow rate of

1 nb/mn. The precursgfglgmg'gg%ri zed into a chem cal

vapor process line that is heated to 80 0C and
[0082]ans poThigdexampleserhployatiee psicegs MExamme 6f howebelhthe

cartgraieeES IRaTyOHES TGS sl Phg ROEAEHER BoD S if step.
The S e A R g L )
substantlalhoalt obthed¥ BREpporogeatteatyrerinninEbs filmd Husd@bpent

wpisalhatesauoptl inde TURRER oSyl Mt ROSR0R. oc

bi as of -15 VDC.
EXAMPLE 9

[0083] A stabilized cyclic alkene composition is prepared by adding
0.84g MHQ to 16.8 kg of NBDE. The resulting mixture agitated until it
becomes a homogeneous solution, and it is then packaged into a 5 gallon
stainless steel container used for the semiconductor industry. Prior to sealing
the container, the composition is purged by passing CO; into the container
through the dip tube (i.e., tube extending to the bottom of the container
through the liquid). The purge gas is bubbled through the composition, and
the purge gas and other adventitious gases to be removed are expelled out of
a vent at the top of the container at a rate of approximately 250 sccm for five

minutes. Once the container is purged, it is sealed at ambient pressure. The
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A carbon doped silicon oxide filmis deposited on the
substrate using these conditions. EXAMPLE 6 [0080] The

WQL@CO8R0T .., : :

oS AR i e et & jleedi NS R KT U

accamersonae procenwaes to@isotilead irsexaphplesrd, &, deand 8r ough a
chem cal delivery line to a heated vaporizer at a flow
rate of 1 nmL/mn. The precursor is vaporized into a
chem cal vapor procesgxiAnmeLER® is heated to 80 0C
and transported to a substrate using 500 seem of
carbon di oxide as a transg&;t gas wth the system base

[008flessur éhaduiged stakilizad alisene AempPaep s dessTipRe In
Exafibhs b/idhfadel RREEEFHEEHe YRANCAR (ISR ANIBPRS psof”! X©

W a ow o- TN c - - - proporaon ot approxinmaieiy 00%
presBVEE. ST ha dediifihdBiREEeriahindhg psrgedkcantaines issupead trmage dow

e SRPOHTE LR RE e R o0 D38 BRIy forT BB

silicon oxide filmis deposited on the substrate using

t hese conditions. EXAVPLE 7 {30081] Thi s exanpl e

empl oys the process | EXAMRLEAT | however the carbon

doped silicon oxide filmis treated by a

st -de L4 kit at

10083" TG SRR SR EDREne ShplbiiEh o AEReRc
Exasie Dds maadd, exaept thiat theechidtBifep i porgedtusing Coriistead of

t film._ This treatpment typically gives sl i ght |
GOy nfmEsS Gt 1A 4 o bRt e ElscecttonaR s =

fnmg a[cﬁ@%%i\g thhthe prsaamhR sIBRLANSd texathpIeSs 6,17 &pap! e

wever the carbon doped silicon oxide filmis
treated by a post-deposition curing step. The filmis
anneal ed at 425 0C un j n for 4 hours to
renove substantially %Is{A“@?LFﬁ?NBDE por ogen t hat
remains in the film This treatnent typically gives a

[0086] ght | {hehpurged stabilized alkene lcompositioal @cdesaribed in
constant. EXAMPLE 9 . .
Example 11 is made, except that the container is sealed under 5 psi of

pressure. The resulting material in the purged container is used to make low
k films according to the procedures described in examples 5, 6, 7 and 8.

[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
the appended claims.
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[0083] A stabilized cyclic al kene conposition is
prepared by adding 0.84g MHQ to 16.8 kg of NBDE. The
WO e®alosionyy nmi xture agitated until it becomes aPCT/US2006/035303
honogeneous solution, and it is then packaged into a 5
CLAMNSoN stainless steel container used for the
sem conductor industry. Prior to sealing the
contai ner, the conposition is purged by passing CO2

j o j Qi debe (i.e., tube
1. éﬁ%@%@?ﬁg&?ﬁk?ﬂ§§E%§@@ﬁ§%P°§E@"@%ﬁ{ i'ner through the
| i cprieddr. mbheecyelicgdkerses, iamdbubbl ed t hrough t he
co sition, and.th urge gas.and other adventitious
o deass BB it B E T TR BF 2 Vet at Lhe
top of the container at a rate of approxi mately 250
seemfor five mnutes. Once the container is purged,
it is gtal ed apRSanbi ent pressure. Theaccoraing TO ne
proceduxes aegcribed in exanples 5, 6 , 7 and 8 .
J084] The purged stabilized al kene
x described in Exanple 9 is nade, except
ner @y al e ]gnder 5 psi of pressure.
material I n the purged container is used
K filnms according to the procedures
describgd in gxanples 5, 6, 7 and 8. EXAMPLE 11
[ 0085]p2he purgdd stabilized al kene conposition as
described in anple 9 is nmade, except that the
container is purged using CO instead of CO2. The

I rgea usth ! e
whEFER! SBuER Y etueadh iR BT NSS P, e o5 JB8E bea
brahBh&X aHdyekc Slkyb CﬂCiﬁ\ﬁbe&; bFOMBH Eorleydiie @fedxy Tére

purged stabilized al kene conposition as described in
subsfi er unsybstitigd arglk@ggt that the container is

wn i 80 ShoBu S Syt P SRS Bt ot
ppraeddr200gprmpandie procedures described in exanples 5 ,

6, 7 and 8. [Q087] Wi le we have shown and descri bed
whersjresaid comrasitiathisPurged vty adprd ana gaseplegieddiraadhe,

grolip dosisfing B Hefighl, he IR GFSE P Ry StBAL xdridh, $44h, 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-iso-
propylphenol, 4-butylphenol, 4-sec-butylphenol, 4-iso-butylphenol, 4-tert-
butylphenol, 4-methoxyphenol, 3-methoxyphenol, 2-methoxyphenol, 4-
ethoxyphenol, 2-(1-methylbutyl)phenol, 2-tert-butyl-6-methylphenol, 1,2-
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are suscepti ble to nunmerous changes apparent to one
skilled in the art. Therefore, we do not wi sh to be

__diWO 2owi7 e 73 e, the-dilesrab | Jamwn 284968 DAL e T/NEENE035303
nodi f

to show all changes an i cations which cone

(BHT; 13- ﬁlnyﬁéow@@ﬁéem hysoawpenaecd-(eerayiexyipiend: 3.4,5-A

rimShBRIPHEAS, F ¥ EIRaRa 2 i 2P IaRend ABenalf2 6-
di-tectgtpiphenol; 2ﬁ(<2r-lmibaylﬁﬂbenmmmﬁphéhgg?g&ug%pgwggl 2-

@-meiiognadRERRh 2. %ﬁ@%b@p?ﬂaxymﬁ%@%&mw oheBI-oe
metlﬂ}lﬂﬂ%i%loén& éhl&l}@eﬂz%h dzka,l peed aryl; and

wher el n sa| anti oxi dant ‘conpound is present in an
anmount between about 1 ppm and 200 ppm and wherein

t d h at .l east
4. TRRTTRITILA O 3 BEE0 sl e oottt Regeast
one @bmpbunafs)é[édﬂéd frseeiz grodf WonsRitihg B me&R6RBhenol, and
de and carbon dioxide, after said conposition iIs

26d'ﬂ?ﬂdﬁ4§)ﬁ'e‘ﬂ'nﬁ5hﬂpbéhﬂal ner intended for storage or
shi ppi ng of said conposition. 2 . The conposition of
claim1, wherein said gas is at |east one gas sel ected
5. Themmmsmmupclammst s/hiergin chid heﬂld»mmantrdomrﬂmmn igar bon
oxi de and, carbon di oxi de conposi tion of
presgp AN amguat 5PWV%96(| bt BRmerﬁb%ﬂﬁglﬂl?@l s at | east
one conpound sel ected formthe group consisting of:
phenol , 4-nethyl phenol, 3-nethyl phenol,
6. Thermonpdsgitiemol ¢laim dt ilepdinrsaid adtigxidamt! qonepuadition is
4-j sopropyl phenpl , 4-buty enol sec- but yl phenol ,
presiin} B, BpUBhBREYceruar et A G Bt 200 Feinret hoxyphano
3- met hoxyphenol , 2-nmet hoxyphenol, 4- ethoxyphenol,

2- (1- et hyl butyl)phenol 2-tert- butyl 6- net hyl phenol
7. Thezopmaesytion ohrlainnydwbeieia saitheyclingiensuhamihe general

zyI y t
oA A SRR B R B3P ner
wherkianzy k26 |sdan ﬁrﬁégemhwemhermy < 2n-2x, and R is at least
2-(2- butenyl phenol , 4- propoxyphenol 4- but oxyphenol ,
one somponent sélected from the group consisting of: C1-Cys linear,
branched, unsaturated, or cyclic alkyl, C4-C1g 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 CyHzn.2x+2)-yRy, Wwherein n is an integer from 5 to 18, x is an integer
wherein x < n/2, y is an integer wherein 0 <y < 2n-(2x+2), and R is at least
one component selected from the group consisting of: C4-Cys linear,
branched, unsaturated or cyclic alkyl, C4-C15 linear, branched, unsaturated or
cyclic alkoxy, substituted or unsubstituted aryl, or a substituted silicon

containing substituent.
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(4- et hyl benzyl ) phenol , 2,4,6-tris-benzy|oxyphenol,
2 4-di cycl ohexyl -5- net hyl phenol, and 6-tert-butyl -

W2 O BEDERNS, wherei] SEICOE R AL PG Bponssa

l'east One
Tormgmmﬂ%%x&&{,&y tve@ré hasnah hﬁtegeoﬂrpm:b ixs 1181 X iyaninteger

L e R A
one g&tn'p%éﬂ IeE tthé’@g% u@érﬁﬁﬁﬁ{g ff cgrcgrm@aﬁ

tween a
brancheg, amsatmratecﬂ oc baclm dkylnwBefCas hn%@r, brmnhe@lx upgaturated or

evcig S5 uBR P55 RudDoBTeUN <G S 100
contWé%ﬁﬁhén@yC| i c al kene has the general fornmula

2Xx-yRy, wherein nis an integer from4 to 18, x
is an integer wherein 1 < x < n/2, y is an integer

10. BB TRANdnOf RRIE, uiiefeR sal BlclcEiRdn RetieRRUIRN!
combBbang kelbctedh frahuthat grdup@onsigting of: adlkgmtenelphﬂlaaﬂdrﬁ@%\r
ranched, unsat ur at ed, cyclic al kox substilt Hg_ed
dicyeloPARtANANG. BRI teIPEneo gaAIRI P eliEe I NOPENE AP
pmei\%nﬁada'?éﬁ‘é’ téﬁﬂgbl'ehéeﬁérboﬁwene-r*h%rl@&ﬁ'aél@n*el gvigfl-=! ai m

wher ei n cyclic al kené has the general formul a
norb@rhigme, (ahd-3jethRidengrznerkornens an integer from5 to
18, x is an integer wherein x < n/2, y is an integer
wherein 0 <y < 2n-(2x+2), and Ris at |east one

11. Clqi@r%iﬁpbsﬁ@h f CRm{ T, aRdrbia GlidepclioaiRent isgt lebst one

i near, branche unsaturated or cyc
compbﬁcd&eﬂecﬁe@\n‘ronmtm}gm cansisding of; @gepiensy Elﬂﬁﬁa@,rﬁg?y
d'CY§V 2 k)%&%'g%’t%m#ng su% p?uen%“té@pmérﬂee ?o 03|bl 5‘rfil)thgdc a

pindhe, 3\¢aEAeMteBpinolene, abebarsere, \narbdivvadiere, 5-V|nyl -2-

i 2n- (2xt4) nis an integer from?7 to 18,
nor&omgngnandmﬁe@@v"%@g.WQOFQGH?2a is an integer

whé’?’gﬁrsee{l@ ?tlonaﬂf‘c d;%?éif}ﬁd i2fdeRst shedbompathd @é%cted from

nponent selecte rom the group conS|st|n? -G
the gréumemslsﬁngaof: Henhethoxynhenel: aad 8:6-dirtart-bulvi-dy| |

C1- ||near branched, unsaturated or
methylp eno

12. A method for stabilizing a cyclic alkene, the method comprising adding at
least one antioxidant compound of formula (1),
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cyclic al koxy, substituted or unsubstituted aryl, or a
substituted silicon containing substituent. 10. The
W@ Imosiors ok R c%haédeh]ind?@ﬁsﬂ{o@nﬂ $Ri [, O¥E!d Copb&BIB2006035303
at | east one conpound selected ¥r0n1the group
bramahvesi, st cyajicaIKyldCpdi lveay, hrhethedh drayslic alkoxy or
di.cycl opent adi.ene,, al.pha-terpinene, .. -t er pi nene,
s AL B R0 3 R i S ARERe
whergih Rl 8RGoxiBahDESTRPLENE s Fre¥émbihafr anBURDhSRN goulit 1
5-et hyl i dene- 2- nor bonene. 11. The conposition of claim
ppmito peimagdi d cyclic al kene is at |east one conpound
LSt o
purdia BRI AR o SR TS 0vRl; Blion WG aEREst one
inerggasraebletad fnermethel group @oasistihg b fietianme nhedngc argore krypton,
t er pi nol ene, norbgrnene, nqrbomadi ene,,. 5-vinyl - 2- .
oA BEPRC G o CERAHONGRHE SP0rar b HisRile. Bl sait ei n
antiﬁi‘ihgntaéﬁc!h?éhﬁ&‘%hd%%ﬁ@egaﬂ diRerf aleBiffrbd08&d E®ERGIner
selecte romthe group consisting of:
intedded fdratypigenan shippingf Saiti caraposition.y| - 4-
net hyl phenol . 12. A nethod for stabilizing a cyclic
al kene, the nethod conprising adding at |east one
13, aTHd MEtsRNbF Slam AN dHireih@aitiyas (¢ at least dHeagadedlectsd
cyclic alkyl, CGC 3 I'i near, branched, or cyclic al koxy
fronp thesaitesipi eansistingr ofu heliwst nitrgoen, earppnionexide aed capeon
moﬁaélic al kene, wherein said antioxidant conmpound is
'sent in an anmount between about 1 ppmto 200 ppm
and purging said antioxi dant conpound and said cyclic

e A e o B S
onex@d?'ﬁﬁod,leﬁcﬁgggcte@ forRARB.groGs BORsiSRIP S PReABH 4CRYohenal,

di oxi ter said antl oxidant conmpound and sai
3-megtnylplersd! k2 meethy b henot, deetbglpheook 4erapiiphencl, drisaded

propdpheaF Hurdphensh e SrtnpBafal FREBLbuRRendios g

but@PRess! £Hhéfoxyphenol, 3-methoxyphenol, 2-methoxyphenol, 4-

ethoxyphenol, 2-(1-methylbutyl)phenol, 2-tert-butyl-6-methylphenol, 1,2-
dihydroxybenzene, 2 4-di-tert-butylphenol, 2,6-di-tert-butyl-4-methylphenol
(BHT), 1,3-dihydroxybenzene, hydroquinone, 2-(benzyloxy)phenol, 3,4,5-
trimethoxyphenol, 3-ethoxy-4-methylphenol, 4-benzyloxyphenol, 4-benzyl-2,6-
di-tert-butylphenol, 2-(2-butenyl)phenol, 4-propoxyphenol, 4-butoxyphenol, 2-
(4-methylbenzyl)phenol, 2,4,6-tris-benzyloxyphenol, 2,4-dicyclohexyl-5-
methylphenol, and 6-tert-butyl-1,2-dihydroxybenzene.

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

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

formula CyHan-2x-yRy, Wherein n is an integer from 4 to 18, x is an integer
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fromthe group consisting of: helium nitrogen, carbon
nmonoxi de and car bon di oxi de. 14. The nethod of claim

wa 200 MBIEWSEI |
whEeRl oua e LR Hige Rl BRPEARCaL AR (paRisanss
one mﬁ@hem”sd‘@‘ﬁbu igne ttee grdpesriegstipgenfoCy-Cys linear,

bfanéhgg%%%% csicycle B0 Carteindine Bt Haduil irisatated.
or cy%hb %?1109% i‘ﬁ]ﬂ% %rfsﬁb%ﬁ’tﬂ%éd W'B?'a sysTRIBEIRRANO! |

met hoxyphenol’,” 4- et hoxyphenol ,
contam(nbsll_ﬁjsimthérutyl)phenol 2-tert- butyl 6- et hyl phenol,
1, 2- di hydroxybenzene, 2, 4-di -tert-butyl phenol,
2,6-di-tert-butyl - 4-net hyl phenol (BHT),

17. #héTHéth)éQ [ RRRNER RPherBi (s £16 Wy Bk @lkene has the general
2- (benzyl oxy) phenol , 3,4,5- trimnmethoxyphe

formBleEChidzﬁyzx@ Mnlepaﬁg mols ammgggei)fqom?ﬁﬁ@@@p( |s an integer
4- o |
whef Sl §yT RTARUE MBI G ). B B p et
one %orz(o&ﬁpgﬁt fwﬁb@dmm ghegodup 2odsidting ofs Mel@yineay,phenol ,

¢l ohex -
branched WySAIWRIBA BE EHGIC 6V G mibsa DANKLISE hinSaturaisd or
cycl%c%% aﬁﬁ‘é ufly & méﬁb@h (REABAHNGE 4 SuBtitLRABilicuie

ecte omt e group consi sting of:
contéirimg bohstitbemiol and 2, 6-di -tert-butyl - 4- met hyl phenol .
16. The method of claim 12, wherein said cyclic al kene
has the general fornmula CnH2n-2x-yRy,wherein n is an

18. 'T?fe%@fhofdré’f"&élrﬁ 92 1§ hereih Salcyichié am@w I%fseﬂh@ ger?e)rah :
IS an I n eger Wereln y. n- X ,

fornu.tbar}ﬁ‘taHerrJ(hx+a$R§:<\i\rl‘€ra nis@&n lnt@ayffr@ﬁp 76@ ﬁ@ §tl$ ﬁg IB?GQGF

8 t I
wneiesi A o gy R 2R E Ry Sicent
onedokipohent Qbh’ebtédlfr@m the groapleshsisting df: a(hycm Imeai

substituted silicon_ contai nl(g Isubst itu

branﬁ;ﬁdogngatugatgd @ ey cligyalykiGl- @egyarpeglgﬁqq aﬁtggﬁ;%gr
cyclﬂ:ﬁ%‘leg , sul ofrﬁﬂ@é’q gf‘g@éhﬂ&?ﬁh%ﬂ e)fffy or %%b@hﬂ&téﬂ sificen

_ _ X I'sS an 1nteger wherein x n/2,
contaihiag d0bstitueger wherein 0 y < 2n-(2x+2), and R is at

| east one conponent selected fromthe group consisting
of : Cl-C18 Ii near,

19. The method of claim 12, 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, norbornadiene, 5-vinyl-2-

norbornene, and 5-ethylidene-2-norbornene.

20. The method of claim 12, wherein said cyclic alkene is at least one
compound selected from the group consisting of: dipentene, pheliandrene,
dicyclopentadiene, alpha-terpinene, gamma-terpinene, limonene, alpha-
pinene, 3-carene, terpinolene, norbornene, norbornadiene, 5-vinyl-2-
norbornene, and 5-ethylidene-2-norbornene, and
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branched, unsaturated or cyclic alkyl, G -C 18 I|inear,
branched, unsaturated or cyclic al koxy, substituted or
waer@asiors ut.ed aryl . or, a i £ ut ] CT/US2006/035303
whirelB e A a8 28 AR o i Bl Rt
I &riaistlgCorc Y ThethoRYestiol hasd 2 [Bedigertetsity/l-4-or mul a

thegrg;ulﬁ)&%(ﬁx+g)-yRy, V\,heir/e nis an integer from7 to 18,
methyWphenaln i nt eger wherein x n/2, y is an integer

wherein 0 y 2n-(2x+4), and Ris at |east one

conponent sel ected fromthe group consisting of: Cl-G
21. A hit8Réd obfarrtihg @, layerseftaartasredoped sificbn ©xidekgn a substrates

i near, branched, unsa{_ur ated or cyclic al koxy,
the mathed compsiging theie®s Pl t uted aryl, or a substituted

s iplrg,\ﬁgq\gcg %aicrguagné BBFhbLBAL a skion Boataimingabryfound,
clFarm 12, erein said cyclic alkene is at |east one
and oulpstratd; aetiect ed from the group consisting of:

di_pent ene, phel l.andrene. dicyel. '
aDiangaR AT T8 FRRneTAER 105 bRk ghtne substrate
wher8l 8'cg§ﬁ@a|k%né%ﬂ{tﬁusittcﬂ¢bmpﬁﬁse, nor borene,
nor bomadi ene, 5-vinyl-2- norbonene, and
5-artehgl nged eyclioakessi@nd. 20. The method of clai m 12,
wher ej i o [ . one conpound
seq%é%?%oosf%r%?ﬁ aeérgrcgu é@gsﬁsﬂrmﬁg?' di pent ene,
phel | andrene, dicycl opentadi ene, al pha-terpinene,
gamma-t er pi nene, |inonene, al phapi nene, 3-carene,
tepﬁ nol eneéR” nor bonene, nor bomadi ene, 5-vinyl - 2-
and 5-ethylidene-2-norbornene, and, , whr
i n sakeg=aNti oxi dant conpound is at | east one conpound
-\t he group consjisting of: 4-nmethoxyphenol,
i yert@putH - 4- (Bt hyl phenol. 2 1. A net hod
a | ayer of carbon-doped silicon oxide on a
atey the nethod conprising the steps of:
providing ® cyclic al kene conposition, a silicon
coqihining:g@npound, and a substrate; and formng the

| ayer of the carbon-doped silicon oxide on the
substrat e,

wherein R through R® can each independently be H, OH, C4-Cg linear,
branched, or cyclic alkyl, C4-Cs linear, branched, or cyclic alkoxy or
substituted or unsubstituted aryl, and

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

wherein said cyclic alkene composition is purged with at least one selected
from the group consisting of: helium, neon, argon, krypton, xenon, radon,
nitrogen, carbon monoxide and carbon dioxide, after said cyclic alkene

composition is introduced to a first container.
22 The method of claim 21, further comprising the steps of:

providing said cyclic alkene composition in said first container, said

silicon containing compound in a second container, a film deposition tool, a
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wherein said cyclic alkene conposition conprises: one
or nore cyclic al kenes; and at | east one anti oxi dant

oSS O e e B Oy

or
carrlegp%'t sileep saéd Qﬁ:élké\@éibombbﬁmoh%d said gjliconc  al koxy

( stituted or unsubstitut ed arx erein
conta:mmg o&nn?umddbmhrﬁalqi sopnealing: Mea gu‘ggﬁ%ﬁ}[} JepgRit on
chamg H?TE%? stq%gﬁrg%siggﬂ%pgo%%g \Mﬂﬁﬁ ﬂélgl taeg%éeihbﬁ
chamgréggﬁéélg fflrf’nodit e duiticar toop cgn3| sting of hel i um neon,
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carrler gas to sweep, saia cyclic al kene
conta]mmgommpwn@mﬂoQQﬂJll@ldQ%ﬂ'o@o?ﬁaéT‘ #mg compound
through said connecting means into the filmdeposition

chanber, wherein said substrate is disposed within
23. Pl theithbinoflernsi 21, herbiardzin cyxﬁncaalkelné etk geserE on
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oy e e el cPRlnsR980d, SR REGE: O
wher%ﬁﬁ?% % korUZt A an irﬁé%ﬂqhslﬁér@% 1} @P%’Zrﬂix widiRdy et least -

ene COITpO Itron aid [ i'con containin
one component selectesidram dlze grasp fgzmlsj, np1tq1alll'§§gf:t i ng

oranghed. ARt ER it UG HS i et EnEhed. dihsiitaRgl,
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24. The method of claim 21, wherein said cyclic alkene has the general
formula CaHan-2x+2)yRy, Wherein n is an integer from 5 to 18, x is an integer
wherein x £ n/2, y is an integer wherein 0 <y =< 2n-(2x+2), and R is at least
one component selected from the group consisting of: C1-Cg linear,
branched, unsaturated or cyclic alkyl, C4-C1g linear, branched, unsaturated or
cyclic alkoxy, substituted or unsubstituted aryl, or a substituted silicon
containing substituent.

25. The method of claim 21, wherein said cyclic alkene has the general
formula CyHzn-2x+4)-yRy, where n is an integer from 7 to 18, xis an integer
wherein x £ n/2, y is an integer wherein 0 sy = 2n-(2x+4), and R is at least
one component selected from the group consisting of: C4-Css linear,

branched, unsaturated or cyclic alkyl, C1-Cyg linear, branched, unsaturated or
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wherein 1 x n/2, y is an integer wherein 0 vy
2n-2x, and Ris at least one conponent selected from
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unsaturated, or cyclic alkyl, l'i near,
Conlall”anglséas'ﬂwﬁﬁht urated, or cycli c aI koxy, subst i t ut ed

or unsubstituted aryl, or a substituted silicon

cont ai ni ng substituent. 24. The nethod of claim2 1,
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nor@fﬁg??ﬁﬂ %F Eﬂ%@o&"?ﬂlﬂ "B8"%ryl, or a substituted
silicon containing substituent. 25. The method of

claim 21, wherein said cyclic al kene has the general
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3-meeHymsHEHyl, Zihhéthxmeﬁbpmdthﬂpgémmqmpy@hengl emsoo 0
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28. The method of claim 27, wherein said antioxidant compound is at least
one compound selected from the group consisting of: 4-methoxyphenol and
2,6-di-tert-butyl-4-methylphenol.

29. The method of claim 21, wherein said cyclic alkene is at least one
compound selected from the group consisting of: dipentene, phellandrene,
dicyclopentadiene, alpha-terpinene, gamma-terpinene, limonene, alpha-
pinene, 3-carene, terpinolene, norbornene, norbornadiene, 5-vinyl-2-
norbornene, and 5-ethylidene-2-norbornene, and

wherein said antioxidant compound is at least one compound selected from
the group consisting of: 4-methoxyphenol, and 2,6-di-tert-butyl-4-
methylphenol.
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et hoxyphenol , 2-(1-nethyl butyl) phenol,
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2,4-di-tert-butyl phenol, _
30. A%tlbifized eyéiidarkghe éompobifioprensistiogleBsentially of:
1, 3-di hydr oxybenzene, hydroqui none,
2 ONBENAPPE GYPIeANENES3 A5 't i et hoxyphenol |
3- = 4- W¥yphenol ,
4 B by AR EDR ol R ety e
2-(2-but enyl ) phenol, 4-propoxyphenol, 4-butoxyphenol,
2- (4-{ret hyl begzyl ) phenol , 2,4,6-tris-benzyl oxyphenol,
2, 4- ycl ohelyl - 5- net hyl phenol, and 6-tert-butyl-1
, 2-di hydr oxypenzene. 28. The nethod of claim 27,
wher ei p=s=i=d anti oxi dant conpound is at |east one

conmpo acted fromthe oup consi sting of:
RE-re Q2B ~di -@ért - but yI - 4- net hyl phenol .
29. Theg d of claim2 1, wherein said cyclic

al kene | east one conpound selected fromthe
group ¢onsi sty ng of: di pentene, phell andrene,
dicqu%pentadEéhe, al pha-terpi nene, gamra-terpi nene,
| i nronene, al phapi nene, 3-carene, terpinolene,
nor bor nene, norbornadi ene, 5-vinyl-2- norbonene, and

wherif RUHISIERERc AP ABRTTRIRpeABENINBE M TOHACE Gylineax] dant
conpound T's at least one conpound selected fromthe
branghediporcayudic slkyhdC o€s lineak brashsse 86 LY CligrIkox60y
i-tert-b utyl-4- thy enol . 30. A stabilized cyclic
SUb%ﬁt%@ﬁ@r&Wﬂgﬁ'wlt%ﬂgWE sting essentially of: one or
at |e5§tf&1é>§gé iselcthdenem thanffoap consistingioé cenbomriatmxide and

conpou of formula (1), erein RL through R5 can
carbeachoxid@edrthdent |y be H OHL G -C 8 |inear, branched,

or. cyclic.alkyl, - i iRk 8ant BEtweXaldbout 1
Whefff'ﬂ&éﬂd %&@h‘g‘%’%ti%Oﬁe%ogjr@rlgﬁgﬁirgtlﬁtaﬂt%ﬂ aryl - and at
ppn{mgogrp@ngas selected fromthe group consisting of:

car bon nonoxi de and car bon di oxi de, and wherein said

anti oxi dant conpound is present in an anmount between
31. al%%uéorﬂrposition of claim 30, wherein said gas is at least one gas

selected from the group consisting of: helium, nitrogen, carbon monoxide and

carbon dioxide.

32. The composition of claim 30, wherein said antioxidant compound is at
least one compound selected form the group consisting of: phenol, 4-
methylphenol, 3-methylphenol, 2-methylphenol, 4-ethylphenol, 4-
propylphenol, 4-iso-propyiphenol, 4-butylphenol, 4-sec-butylphenol, 4-iso-
butylphenol, 4-tert-butylphenol, 4-methoxyphenol, 3-methoxyphenol, 2-
methoxyphenol, 4-ethoxyphenol, 2-(1-methylbutyl)phenol, 2-tert-butyl-6-
methylphenol, 1,2-dihydroxybenzene, 2 4-di-tert-butylphenol, 2,6-di-tert-butyl-
4-methylphenol (BHT), 1,3-dihydroxybenzene, hydroquinone, 2-
(benzyloxy)phenol, 3,4,5-trimethoxyphenol, 3-ethoxy-4-methylphenol, 4-
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ppm and 200 ppm 3 1. The conposition of claim 30,
wherein said gas is at | east one gas selected fromthe
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dihygro&ybguiémgnol , 4-ethyl phenol, 4- propyl phenol,

4-150-propyl phenol, 4-butyl phenol, 4-sec-butyl phenol,
4-i sobutyl phenol, 4-tert-butyl phenol, 4-nethoxyphenol,
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3- et hoxy- 4- net hyl phenol , 4-y propoxyphenol, o
34. Zhbuwooygsitor bf claing 80mahieyein said/antidwdedrnt composition is
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, 2- di hydroxybenzene. 33. The conposition of claim 32,
wherein said antioxi dant conpound i s at |east qne
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AR S ol g = r
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bet ween abqut pmto about 10
teRmAs s

5. Th
36. dbweprampegHoRe! gldim A0 WNefRE S it lkGiis B35 thppeneral
fornﬁ.géT@O ﬁ'gé%&ﬁﬁ,'ﬁh&%gfﬁ i}‘har'\ fhtﬁ%bﬁ?@d%'ﬁ tdP8 Werripgager1 00

mt'o pm e conposition of claim 30,
whevdiaries x Sai2] ydy @ni integiek eineréind £lyes g2 and Roisnafl lgast

CnH2n- 2x- YRy, reipn nis an_int.eger framg to 18, x
one{ConapTIaN SECSEPEl feroge EoppBting B CLRM thede,
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brase ect ea furrom t he y?g‘??{oup coﬁ‘sicz?i ng of: Ci-C s |inear,
or cyclic alkoxy, substituted or unsubstituted aryl, or a substituted silicon

containing substituent.

37. The composition of claim 30, wherein said cyclic alkene has the general
formula CyHan.2x+2)-yRy, Wherein n is an integer from 5 to 18, x is an integer
wherein X £ n/2, y is an integer wherein 0 < y < 2n-(2x+2), and R is at least
one component selected from the group consisting of: C4-Cys linear,
branched, unsaturated or cyclic alkyl, C4-C4g linear, branched, unsaturated or
cyclic alkoxy, substituted or unsubstituted aryl, or a substituted silicon

containing substituent.

38. The composition of claim 30, wherein said cyclic alkene has the general
formula CnHzn-ax+4)yRy, Where n is an integer from 7 to 18, x is an integer

wherein x < n/2, y is an integer wherein 0 <y < 2n-(2x+4), and R is at least
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branched, unsaturated, or cyclic alkyl, CGi-Cis
i near, branched, unsaturated, or cyclic al koxy,
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8 linear, branched, unsaturated or cyclic alkyl,

C 1-C18 li near, branched, unsaturated or cyclic

al koxy, substituted or unsubstituted aryl, or a

substituted silicon containing substituent. 38. The

conposition of claim30, wherein said cyclic al kene

has the general formula CnH2n-(2x+4)-yRy,where n is an

integer from7 to 18, x is an integer wherein x n/2,

y is an integer wherein 0 y < 2n-(2x+4), and R is at

| east one conponent selected fromthe group consisting

of: G-C 18 line e us2006/ 035303 branched, unsaturated

or cyclic alkyl, G-G 8 linear, branched, unsaturated

or cyclic al koxy, substituted or unsubstituted aryl,

or a substituted silicon containing substituent.
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