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[0002] This disclosure relates generally to cyclic alkene compositions that
exhibit stability to air and/or heat. More particularly, this disclosure is directed to
15 cyclic atkene derivatives stabilized with one or more antioxidant compounds
(e.g., substituted phenols) to reduce or eliminate polymer formation upon
exposure of a cyclic alkene composition to oxygen, heat or the two in
combination, and methods for use of such compositions to form dielectric fims.

20 2. Background of the Disclosure

[0003] The semiconductor industry requires numerous types of thin and
thick films to prepare semiconductor devices, many of which are based on
silicon. The elemental composition of these films is typically some combination
25 of silicon and carbon with various combinations of oxygen, hydrogen, and
fluorine. In US Patent No. 6,914,335, Andideh et al. teach how layers can differ
and can be used for different purposes, while in US Patent No. 6,846,515, Vrtis
et al. teach ranges of silicon, oxygen, carbon and hydrogen for diglectric fiims
preferred by the semiconductor industry. A frequently used process is chemical

30 vapor deposition, and there are numerous variations of this process.
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255, 835,678 and references therein), bubbler anmpoules (see, e.g., US Patent
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means can include several types of vaporization apparatuses, including, but not

limited to, heated vaporizers {see, e.g., US Patent Nos. 6,604,492, 5,882,416,
25 5,835,678 and references therein), bubbler ampoules (see, e.g., US Patent Nos.

4,979,545, 5,279,338, 5,551,309, 5,607,002, 5,992,830 and references therein),

flash evaporators (see, e.g., US Patent No. 5,536,323 and references therein)

and misting apparatuses (see, e.g., US Patent No. 5,451,260, 5,372,754,

6,383,555 and references therein).



5 This can result in accunul ation of the solid product in a vaporizer means
as the volatile NBDE is evaporated away. |If the surface area of the
vapor i zer nmeans is small, it is possible that snall amounts of residue
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NBDE and similar cyclic alkene derivatives can react with oxygen to either

20 polymerize or oxidize, forming higher molecular weight, lower volatility materials
which may or may not be soluble in the cyclic alkene monomer. This reaction
can cause significant degradation of the cyclic alkene over time, even after brief

air exposure at room temperature.

25 [0011] NBDE forms highly soluble, low volatility solid products in the
presence of adventitious air, in the presence of heat, or when the two are
combined. While evidence of thermal degradation has been observed in
samples heated at 120 °C for 24 hours, oxidative degradation has been observed
in samples kept at room temperature or samples that were heated to 80 °C or

30 more. These are very important factors to consider, since it only takes trace
oxygen (low ppb level) to form enough residue (low ppm level) to become



easi |y deconpose during transport fromthe chem cal supplier to the end-use
10process, even after exposure to various conditions. However, chem stry of
the cyclic al kene conpounds differs considerably fromthe chem stry of the
silicon containing conpounds typically enployed, so it is not obvious that
the same CHRBHUMHST hat stabilize the silicon contai ni RGU/ESPBUALS wi | |
stabilize the cyclic al kene compounds® 15 [0015] TMCTS is believed to ring
open and polynerize in the presence of oxygen. Further, TMCTS has Si-H
bonds that are reactive with nol ecul ar oxygen (see, e.g., US Patent
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i ncor por ALY ErAILR EAREYT *ﬁ@ﬂis%tzeﬁlf?he@éﬁ%mqsf%ﬁfé‘dai\’%ﬁsmqﬂé“%s| ng the
ant i oxi da,% desd Q%W%hﬁﬂ Sc% | ower concentrations. SUMVARY OF THE
DI SCLOSURE 0017 I n one aspe this disclosure provides a conposition
i ncluding (a)

[0012] While NBDE is being used in semiconductor manufacturing,
equipment may go idle from time to time for various reasons (e.g., power

20 fluctuation, holiday shutdown, etc). During this idle time, a portion of product
(usually <tmL) may be kept in a heated zone at temperatures up to 85 °C for
several hours or days. During this time, the product can form soluble, nonvolatile
residue that will accumulate in the vaporizer when the equipment is restarted.
Therefore, an effective NBDE containing composition must be thermally stable

25 for periods of hours or days.

[0013] The standard manufacturing process for a product such as

stabilized NBDE involves a significant number of chemical handling steps. Since

each handling step (and subsequent storage period) is not completely free of air,
30 product will almost always be exposed to trace amounis of oxygen during its

lifetime. As mentioned previously, it takes only a trace amount of oxygen to give



150ne or nore substituted or unsubstituted cyclic al kenes, and (b) an
anti oxi dant conposition including at | east one conpound of Fornula (I):
R2RI (1), in which RL through R4 can each i ndependently be H, Cl1-C8 linear
al kyl, C2-C8 unsaturated al kyl, C3-C8 branched al kyl, C3-C3 cyclic alkyl,
C1- C8 | i n¥#&r2041/%08%§, 20C2- C8 unsaturated al koxy, C3- CPUBAEAINERTE koxy,
C3-C8 cyclic al koxy or substituted of unsubstituted aryl. [0018]1n anot her
aspect, this disclosure provides a conposition including (a) one or nore
substituted or unsubstituted cyclic al kenes, and (b) an 25anti oxi dant

conposi t ig@urizaeéptdbageas) of %ﬁu@%e@éﬁﬂ@%ﬁ%f@&t:@ﬁﬁ@Eﬂarﬁb&ct nhustWhi ch - WO
2010/ 005937PCT/ US2009/ 049765 through R4 can each i ndeg] endently be H,

Cl-C8 |i rfesgr %ﬁq@wze@g@t@smwa@w%ada gadatieniors paried Héieal kyl , ~ Cc3- c8

cyclic al tbnne%c%dr'rﬁ&@rye@Hs%wpde%r%omataﬁr&tcegtaalmnféB C8 br anched
al koxy, -C8 cyclic al koXy or substituted or unsubstituted aryl with the

proviso that at |east one of RI through R4 is not H and/or that, if one of

R thr.ougboﬁﬂel S tT@ EXJnacoﬁEu{;}tS@i%Hth eg&ar%@g I"éH ??biglanﬁhrough R4 i's

not H enbodi nent's e Cco can be
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10[ 0019] I t nposi tion

t hat i ncl uagééétg?igg&c@ V&a&%kstee,ﬁ%&)s“e eﬁr%ﬁérﬁﬁ‘%ﬁﬂ F}%g%r%dﬁgl sting of

di pent eneyecphetry mmmameadusdgstabﬁizaﬂmretmensalrpltrmtttm pradengjoes not
gama-ter |ne e IlnDn ne, .al nene, , 3- carene nol.ene, norbornene,
nor bor na I%Q %)r%’(?ﬁ?l Lﬁ'ngﬁr %B‘P'ﬁ@ﬁ@‘ thgr?gegr ﬁ‘t}??fﬁéﬁo%%grtbs@r nene; and
(b) an afﬁrd)wgsdéﬂin mﬁbmremo Larieuenguniogiong. Howesey| crbndisidy byleoxybenzene

3-neth di h b Th t d nt t t
'n & concaile AkFurCaHONEE s EoORRRDAIRT ABORTeraety BOHEUIn 100 ppm).

containing compounds typically employed, so it is not obvious that the same
compounds that stabilize the silicon containing compounds will stabilize the cyclic
alkene compounds.

15
[0015] TMCTS is believed to ring open and polymerize in the presence of
oxygen. Further, TMCTS has Si-H bonds that are reactive with molecular
oxygen {see, e.g., US Patent Application No. 20040127070 and US Patent No.
6,858,697). By contrast, NBDE will slowly oligomerize in the presence of air, but

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

25 resulting oligomers are detected when the volatile NBDE is evaporated away to

leave behind the low volatility oligomers.

[0016] NBDE and similar materials are sometimes stabilized with

antioxidants, such as 2,6-di-tert-butyl-4-methoxyphenol (BHA) or 2,6-di-tert-butyl-
30 4-methylphenol (BHT), (see Clariant LSM 171779 Norbornadiene Specification

Sheet and Aldrich Catalog Number B3,380-3). The known antioxidants for these



[0020] In still another aspect, this disclosure provides an apparatus 20
containing a seal ed container including a cyclic al kene conposition. The
cyclic al kene conposition contains (a) at |east one substituted or
unsubstituted cyclic alkene, and (b) at |east one antioxidant conposition,
in which tWe2BYI%7 al kene conpositi on generates at mo$SETABHRIPDO ppm
(e.g., at nost about 150 ppm at nost’about 100 ppm at mpst about 50 ppm
or at nost about 10 ppm of residue 25after one year of storage in the
seal ed container at roomtenperature. [0021]1In still another aspect, this
di scl osur mapsrend dese adry ARrasalingspding! (5. nalf BIES isRe3ed )eand Ol danegr

cont ai ni ng, from apout 0 mto about 150 ppm oxygen and a cyclic al kene
conposi ti fermsripd ‘i’g’ggﬁb‘ﬁ@”@@@ﬁ%@ﬂ@&%‘i’?ﬂﬂsﬁg‘é@"ééﬁ%ﬁ%ﬁ”Ieast one
substi t ut gk én}mﬁ#&%tdrﬁlﬂkiﬁgnt@)é% bénﬁhd?\%ﬂﬁddeﬁ:ﬂé’t doPtedtatloRa3% 000

in which the cyclic al kene conposition generates

ant i oxi dant conposi ti on
at WO 209 @ﬁomﬂ? §05¢9/2.p%pory9). @mga@@tt@eme@@saﬂh@@w WhepdRe due after
bei ng heakpsh dlct#OCvERE té%cfﬂé)étressﬂél‘Iﬁ‘@ecﬁér%h%@n%ﬂ[]fa%hﬁ@r% orERr t(Sy&dpl e, when

t he seal ed contai ner contains about ppm oxygen, e cyclic al kene
conposi ti BhiTcdue @eﬁé@‘am@sh@ﬂd@ﬁfiaélbb!utH%emnm@fcoﬂ%ntmi@ﬂaﬁf thespei ng heat ed

at 80C fog A O eShid ik bhgh ggﬁﬁeﬁggpgé}%%ﬂguctofﬁ{ﬁo@&m FI ] aFg{eéﬁe . when the

seal ed con al ner cont ai ns e cyc
conposi t i dpplcatogélosr 30@7@15731%%&1360?0%7@@61(()ethgwaresatmam;smrammu 0.5 ppm

A anot noreeieafip) € iR Eh BhEMeBhiebtSuy R R Mok Bb Boout o ppm oxygen

t he cyel i metihdsyphernd @p wwdriconcadratigaser at e at nost about 5 ppm 10(e.g., at
nost about 0.5 ppm) of residue after being heated at 80C for 12 hours in
the seal ed container. [0022]In still another aspect, this disclosure

provi des SUMMARYOESTHHBISCDOBWIRES a seal ed container containing from
about 0 ppmto about 150 ppm 150xygen and a cyclic al kene conposition. The

cyclic al co ition includes (a)_ at |east onesbsttued r
e ubst  t B G0 oD 1R o A B Lt G Bl HraliBBS b MRt A S e o 1 on,
i n whiigh bheocprmire wtaéti&ﬁaeocomﬁﬁntdtenncmmem&tnes atd (mah amioxitta?00 ppm of
resi due after E ate at . 120C fo a ? urs t he seal ed cont ai ner.

o Pl oSty o Baiulz

For exanpf@m pﬂﬂ ﬁa%SﬁFéﬁoF@D“P GEEY34ddut 0 ppm 20 oxygen, the

cyclic al kene conposition can generate at grost about 200 ppm (e.g., at nost
about 160 ppm of residue after being hegted at 120C for 24 hours in the
seal ed container. [0023]In stil RYanot hey aspect, this disclosure provides a
process using a 25cyclic al kene nposiAion for formng a | ayer of

car bon-doped silicon oxide on a

Rr3 0—H

R? R! M,
in which R through R* can each independently be H, C1-Cs linear alkyl, C2-Cg
unsaturated alkyl, Cs-Cg branched alkyl, C3-Cg cyclic alkyl, C4-Cs linear alkoxy,
20  Co-Cg unsaturated alkoxy, C3-Cg branched alkoxy, Cs-Cg cyclic alkoxy or
substituted or unsubstituted aryl.

[0018] fn another aspect, this disclosure provides a composition including
{a) one or more substituted or unsubstituted cyclic alkenes, and (b) an

25 antioxidant composition including at least one compound of Formula (1), in which



waf er. The process includes treating a substrate in a filmdeposition
chanber with a conposition containing at | east one of the above-nentioned
cyclic al kene conpositions and at | east one silicon containing conpound to
forma carbon doped silicon oxide filmon the substrate, The conposition
can al so MRINYESEher 30additives. The process can f Ui ATHERPAE e, prior
to the treatnent step, providing thescycl i c al kene conposition in a first
container, the silicon containing conpound WO
20101005937PC1141520091049765 10 in a second container, a filmdeposition
t ool contRiithicughtRfecehi davhdegesindieotly bb&ireCs lnegasikgdeCh-Cery |ine for
connectln the fir d.second tapn stoth i .deposi ti on chanber
wi thin t spiu I@’f’?ﬁ@ﬁﬁéﬁl %brlaaghecfaiﬁ&l Q“&P&%{W]%ﬁ éa%#% 5359@(09% sweep the
cyclic aldgeogumm@@daimya@ Gghﬂamﬂedca)m@oag@gr@yag; Skemgosnd 5t hrough the
gas delivery line into the | m deposi tion i ntroduci nghvapors of

the cycl |S@ba‘l’t}é§9ﬁ’é3fé6ﬁﬁ6%tit¥tie8r@rﬁrmthttﬁ@ pé‘?“l“‘?‘b@ﬁt %Hﬁ?%h%‘ierfﬁ R:d d into the
carriar gﬂsls%f ﬂagﬂzdléf‘@at EOREPOTR T (REbUGRRVIBRBUE/, Mt léd?s?oﬁé/ ef ing al kene
conposi tion and SI I con c9nt ai ni ng conmpound into the filmdeposition
chanber ve@airtieg Rathrpegh Bals fmtrﬂadrhsom ?fl)mf]ﬂleﬁtssthel (FOWH@ aspect, this
di scl osur. Vil s) {1 east one of the
above- manFﬁ @%%d )gge/dg‘ll?%ﬂa %ﬁﬂz'%@%om F%@eﬁ&r?@%&&g c%nt ai ner for at
| east 6 miimdiexybengene at | east 9 nonths or at | east one year), and after
storing the cyclic al kene conposition, using the cyclic al kene
15conposition together with at |east one silicon-containing conpound in a
chem wal [00p@ir deposstiliawtipresesd, this fiecloswegaobdes dopayositibn @t oxi de film
on a substrate 002511 n, still ther..aspect, this dISC|O ure provides a
pr ocess iy %‘%‘@gﬁlqy?% ﬂberée %@8&?& &6 m%«goﬁ%@@scgdﬂ?&mes addi ng at
| east onehenamireng, méydavemtdcaer(el)alﬂﬂxestemum gbmv:w tem;hﬁaa ¢1Vr£drleﬂea| kene. In
some enbo |rrents %&] (rég at |l east one co oundl_kE méu% o% can be
carried dRhapineq Lo ReleriFRpRs, NEEyoTag ‘?{83%{‘?”‘? T¥Ylgtie conpound of
Formul a (dorbdrileRe,Mdees- éth@gdét%s%brﬂdan@néilaﬁalub)l @ Aidxrest edmbesitidr i fyi ng
the cyclic al kene, and b% ﬁdl stilling the cyclic 25al kene through the

di st i1 atqoawrw@t%mtha BYoxKPRNZRge 06 STBEOXYT T LoHBYERERATERES, addi ng
at | east rﬁ%ﬁﬁ%ﬂ@bfﬁ{)oﬁ%{@'p@eé&n} ;rpﬁeorb@en%ﬁéﬁ Bwvish é%ut sopp& ot her

steps, (a) addin | east one conpound of Forrmula (I) at a point

bet ween &@nsateih Q@ paﬁdeg r HEPRMhg vessel in a distillation systemfor
purifying the cyclic al kene, and (b) distilling the cyclic al kene through
the 30distillation systemso that the distilled cyclic al kene passes from
t he conddagae] In still another aspect, this disclosure provides an apparatus

20 containing a sealed container including a cyclic alkene composition. The cyclic
atkene composition contains (a) at least one substituted or unsubstituted cyclic
alkene, and (b) at least one antioxidant composition, in which the cyclic alkene
composition generates at most about 200 ppm (e.g., at most about 150 ppm, at
most about 100 ppm, at most about 50 ppm, or at most about 10 ppm) of residue

25 after one year of storage in the sealed container at room temperature.

[0021] In still another aspect, this disclosure provides an apparatus that
includes a seated container containing from about 0 ppm to about 150 ppm
oxygen and a cyclic alkene composition. The cyclic alkene composition includes
30 (&) at least one substituted or unsubstituted cyclic alkene, and (b) at least one
antioxidant composition, in which the cyclic alkene composition generates at



into the receiving vessel, thereby solubilizing the at | east one conpound
of WD 2010/ 005937PClI | US2009/ 049765 11 Fornula (1) in the distilled cyclic
al kene. In sonme enbodi nents, adding at |east one conpound of Formula (1)
can be carried out by, anmong other steps, (a) dlstlllln t he c clic al kene
through a WPIW%HPT on systeminto a receiving vessel, ﬁ@sﬁﬁy‘ﬁaﬁlng t he
at | east one conpound of Fornula (I) into the recei ving 5vessel. BRI EF
DESCRI PTI ON OF DRAW NGS [0026] Figure 1 is a representation of a film
deposition tool used in the iosem conductor industry for use with the
conposi ti onst asear2di prgn bordshiue aiﬁesbbm@m@ied/\btemEthmm? hdegantent vapori zer
means are us

027
repr esent awe&cgptayelr g, Ft‘f" BteAlR ggq(%@'m@h%o %Eg etlétri@ctor

industry bom dkg8eM th cwsi@; azmﬁmmmra@a@pgéhem@eta@rﬁdﬁ Sbeuts® gsHre, where
a single vaporjzer nmeans is used wt separate precursors. DETAILED

DESCRI PTI eNeguggtieppenp hsetad @(ﬁ%@f@] ?%Eogrérﬁ‘ m%@%‘?%?or?tﬁ‘ﬂ%t’?@ requires

numer oys Lyp@er Qiarﬁﬁbﬁmﬁé#‘ﬂtﬁe@éé‘kcfbdrf@uné@ccﬁﬁ%ﬂé‘%ﬁo&eﬁ 5%@*9@&% tekevi ces. A
frequently used process to prepare these filnms is chem cal Eor deposi tion

and t her eCyilie a*ﬁﬂmrmmsﬁuomanmecﬁtetahmsbaw@pm ke .- t3§/B10§ abatien cal
vapor depgsg édrﬁan@%&%é%ﬁe@béh%h%ﬁ%dcﬂ%a@%rnﬂz ﬁ&f@%g@ dedidgnt roduced into

a deposition r contai ni e substrate to be coated. The silicon
cont ai ni ngorleimsourfs anotrererxaoipigvivdan We@eawﬁm\t&memoatw@ atbytileacted with

anot her c 0 d fs‘i’fﬂzl ce such as
radi at i onBHﬁe%a%?’htgénzﬁm%r% asna&a?‘li%&f)%e a?%d%;‘%{;&@{tf%l t the film
on t heosubsgr, at most mw@mp@ﬁ;s@%@ﬂn@lmaaemgma@ﬁ AtBO°C for 12 hours

in the sealed container.

[0022]1 In still another aspect, this disclosure provides an apparatus that
includes a sealed container containing from about 0 ppm to about 150 ppm

15 oxygen and a cyclic alkene composition. The cyclic alkene composition includes
(a) at least one substituted or unsubstituted cyclic alkene, and (b) at least one
antioxidant composition, in which the cyclic alkene composition generates at
most about 200 ppm of residue after being heated at 120°C for 24 hours in the
sealed container. For example, when the sealed container includes about 0 ppm

20 oxygen, the cyclic alkene composition can generate at most about 200 ppm (e.g.,
at most about 160 ppm) of residue after being heated at 120°C for 24 hours in
the sealed container.

{0023] in still another aspect, this disclosure provides a process using a
25  cyclic alkene composition for forming a layer of carbon-doped silicon oxide on a
wafer. The process inciudes treating a substrate in a film depaosition chamber
with a composition containing at least one of the above-mentioned cyclic alkene
compositions and at least one silicon containing compound to form a carbon
doped silicon oxide film on the substrate. The composition can also include other
30 additives. The process can further include, prior to the treatment step, providing

the cyclic atkene composition in a first container, the silicon containing compound



smal | amounts (e.g., nore than 200 ppm) of such byproducts may be

undesirabl e for many sem conductor applications. Thus materials used in the

sem conductor industry nmay require additives to prevent formation of

undesi red S|de tions before reaching a deposition,

[ 0030] Cyciwo 20 q’@gﬁgs are materials of, interest as reagg:}r%ﬁm?@gm *heni cal

vapor deposition to formlow k dielectric filnms in the sem conductor

i ndustry but require additives to be stabilized to naintain high purity

during the shelf life of the product. 10 [0031] Chem cals, including

addi tivesn atSIeatonC’ac@ta'@ef @ filingrepoligion éed! condirdt® e fivauiepogitier e typi cal |y

limted t il i rt hernore,

the specifPRh ST ba e o2 bise i AR st Rt a7 8nEhib o B

addi ti ondim }nileppmt:dhm elsambertdmimilptl’m:iﬂmdmasmsh tdmﬂymd Eetreajﬁ cémamelre, formation
interlayer dielectri LD ne..restricts.precursor selectign to use

oni y st 1 b0 siegn i cucte BlinhsargRIBE AR i ST AR T S es wth

surroundltﬁt@ugnw@ag delvephiins infthieesigh @epositiorotharagérs atrodotihgvapers must al so

follow this basis, so nitro | fur and @ﬁhﬁtﬁ horous ta?to re found in

common 1 AP iR AIKSNE GPEIPARHCA AN d96 BIAGATSCaaA NgLor D | i poi ¢ aci d
nust be augidteds skBaldasdlbRssaiRyg eEbatiorest the cxéud Sk eaams t o

m ni m ze the boiling point difference between the cyclic al kenes and the
stabi | i zé\ndtadwpnucgﬂ?m@s cerpohing be flpoeresiieg ca@mégr@mﬁ SHTBHT boils at
265 C. Th-s e g{ﬁarence i s enough to cause significant problens in a

sem conduct or deposition tool 25 vaporizer neans. Conmonly, these vapori zer
nmeansltare set at the | owest possible tenperature to allow conplete

vapori zat of a [H &w %nome(?%lé Leepid @8 él&n(g FJSQ’ (?(%gégpd cedeqppposi tion. It

is also r{ece sary ance t er hal vaporizer neans to
correct | yinclaghes steng aéepstcmmf thé ah@wt meationet ¢yofc alkgapoomgositiama Wt h

t hese consi der %{di(’%g’za rﬁér fP %t i%u '6”1%8 %%USatt%%\é?lg%&ﬁs? Epﬁttlggst?ﬁlér ce

cheni cal "WeH8 S 1o € case that
hi gher moleagubad afked sghmng:tbmnhmalkem eompwmgﬂ mp@rtheeglchcca‘lkmmt vapori zed
WO 2010/ 005937PCT/ US% 09/ 49765 13 at( al | %6 tend tohar%cupul ate in
the vEpordo¥PsHRd Q9% ' ?UQ?T’SP”@I%@COH on rplng ﬁP@pPE'é%Bha “REMICE" desirabl e

to rEdUC@abbﬁd%bd@‘tﬁfnﬂﬁ@@eé@;&bwematchﬂ:)dﬁmdﬂeﬂgsuttmn@Rsiedﬂmcm@dIC al kene
derivatives and their stabilizers, and to reduce the concentrations of the

st abi | | zeM95F@{€t heir | owest effective levels. 5 [ 0033] Thi s discl osure
relates to cyclic al kene conpositions that are

[0025] in still another aspect, this disclosure provides a process for

20 stabilizing a cyclic alkene. The process includes adding at least one compound
of Formula (I) described above to the cyclic alkene. In some embodiments,
adding at least one compound of Formula (1) can be carried out by, among other
steps, (a) adding the at least one compound of Formula (1) in a receiving vessel
in a distillation system for purifying the cyclic alkene, and (b) distilling the cyclic

25 alkene through the distiltation system into the receiving vessel. In some
embodiments, adding at least one compound of Formula (I} can be carried out
by, among other steps, (a) adding the at feast one compound of Formula (i) at a
point between a condenser and a receiving vesse! in a distillation system for
purifying the cyclic alkene, and (b) distilling the cyclic alkene through the

30 distillation system so that the distilled cyclic alkene passes from the condenser
into the receiving vessel, thereby solubilizing the at least one compound of



stabilized by the addition of specific unsubstituted or substituted

di hydr oxybenzene conpounds surprisingly found to have higher stabilizing
capability than prior art nonohydroxybenzene conpounds. The resulting
10conposi tions exhi bit enhanced stability and significantly extend the
shel f 1ifevBRYCPE’PT al kene products, al | owi ng greaterP?Fﬁg?%WW@?? in
handl i ng t hese products in sem conductor manufacturing. The resulting
stabilization of cyclic al kenes using nore active stabilizers reduces the
formati on of soluble polymers in the final product. In turn, this

dr ast i cal Fgrnmdal (i¢ estheltisttied opulicadikene. dh ssoleudrhbogioientse Bdding al Balsem cal
delivery lines, in es, (Of., LN vaporizer ans. This reduc the need for
equipnentO%%Fwygﬂgﬁﬁéhxwgﬁﬁ%Qgc%%g? a%ﬁ§(¥% YrcdEey efﬁgpﬁd%iinery is out
of | useI f Oﬁistﬁ_ﬁl@%thetdy@m ailken@dldf)i@ma fis*tie@hﬁmi $1@tdrhéntd arravéiviag vebsd) ]gheL

nmol ecul ar i,ght, conpounds all ows for hompgeneoys. vaporization of the
product mf$ﬁ85@d95wgg?ﬁt%@ﬁ“WW%CaPaﬂﬂHFOQQ%B%ﬁ%ﬁbwﬁb CHPEH¥ 9ol ecul ar

wei ght s copgpsgends in 20vapor delivery lines, |leading to nore consistent,

hi gher quality deposited filns on the wafer. In some enbodi nents, the use
of nore volatile antioxidants (e.g., antioxidants with a relative | ow

mel ting ogrper IDEYCRETION O DRARINGEant ageous, since there is a greater

| i kel i hood that the cyclic alkene and the volatile stabilizer will be

cl eanly evaporated and cleanly delivered through a chem cal delivery |ine,
25| eadi ng cle r - I ; ] livery line
i's heatedﬂﬁgafhat th r%géﬁﬁg%gﬁﬁgﬁgbgﬁﬁggéﬁFf%@sggﬁ’Egﬁg%%?tﬁﬁgd as a

| i qui dio or semicapdicton ihdusteaior uee wilh thocopositivifsoacpoediolg konsgeneous resul ting
i n undesi I o] S . ' in the rest
of the. deaery e AL IR ERhP R IRERRE s Toc VM Wil fbrd

ant i oxi daptecwisbls.a | ower nelting or 30boiling point can stay |iquefied or
vapori zed, thereby reducing contam nation of the delivery Iine at the cold
spots by the antioxidant during the delivery process. WO
2g10/00FQﬂmEF{/USZGQ@h@4§§@5€b&xkﬁQ§éhbma@nﬁd@ﬁbﬁdbMEﬁmuQ%jmhhg dhsclosure,
the cyclic_ al kene conpositjon ing es (a) .one or re . substituted or
unsub}s(?i tﬁ?rﬁﬁoewt‘?rc'ﬁg‘i‘%@/ng&PS%W&LF% C%{gipéﬁ??%@%aﬁﬂ% nd shown in

Formul a (disclosure, where a single vaporizer means is used with two separate precursors.
DETAILED DESCRIPTION OF THE DISCLOSURE

20 {0028] 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
variations of this process. in a typical chemical vapor deposition process, a
silicon containing compound is introduced into a deposition chamber containing

25 the substrate to be coated. The silicon containing compound is then chemically
or physically altered (reacted with another component, or subjected to application
of an energy source such as radiation, heat (thermal CVD), or plasma (PECVD),
eic.) to deposit the film on the substrate.

30 [0029] These purity and stability requirements are often difficult to achieve.

Many materials may oxidize, polymerize or rearrange to some degree. Even



R2RI 5(1), in which R through R4 can each independently be H, C1-C8 |linear
al kyl, C2-C8 unsaturated al kyl, C3-C8 branched al kyl, C3-C8 cyclic al kyl,
Cl-C8 linear al koxy, C2-C8 unsaturated al koxy, C3-C8 branched al koxy, C3-C8
cyclic alkoxy or substituted or unsubstituted aryl with the proviso that at
| east one O " Phiough 10R4 is not H and that, if on‘eméll’szﬂﬁmt‘ﬁf’%ugh R4 is
t-butyl, at least one of the remaining RI through R4 is not H [0035]Cyclic
al kene i s hereby defined as any carbocyclic conmpound having a nonaromatic
doubl e bond in a nonaromatic ring. Exanples of classes 150f cyclic al kene

i ncl ude, doudll @neumtsie i, mdredharo2Qy ppabkeunishypeydictrainiag deemessirable

cycl oal katrienes,. cycloal k traene romat.i c-contai.ni cycl ool efins,

pol yoycl 118! FRE ReaeoROel Bblcadiiis TR B aR R g L B

pol ycycl iisdwtkaney ragire addands o pleverisfotrhaticodf.unZieBaBeHArgaatibas red cl ass
of cyclic al kene .areﬁisi ngb or nbul tiply unsaturated cyclic al kenes of the
general fOFHGEIGEEHHE REPRE! %&CW{B € n is the nunber of carbons in the
primarsy cyclic structure, x is the nunber of unsaturated sites in the

primary cyclic structure, and y is the nunber of substituents, R on the
primary o@@?% st r Gueligakenes d'Riraterias Of Brereyas ©aarriedeschemic@inged from 4

to 18, X \Zpbpd8boditne@86rma el & dieidttds fidhsiis tRdsdric88&tctéMAd sty But2n- 2x, and
each R can WD 20101005937PCT1US20091049765 15 i ndependently "be Cl1-C18

| i near alRguire edditves torhendiakitizad Rynaingn Tgh purbaduwingttee saelkife of 3 C18
cyclic al&ébﬂ tC1- C18 linear al koxy, C3-Cl8 branched al koxy, C2-C18

unsat urat'e a? koxy, C3-Cl18 cyclic al koxy, substituted or unsubstituted
aryl, ioor substituted silicon containing substituent. Exanples of this class

i ncl ude, reb5 At . . I I pha-t er pi nene,
i rmnene,[lag%ma- t e?%%ﬁdé&nag%' '@gu%ﬂ%?br%@%%t@%r%%é@% 5 I ene,
Vi nyl cyclsmezenkictor yndushyteen &picady hiyliteg &b sphedientat daves bylioy cbobut ene,

trimethyl cycl obut hyl cvcl ohut ene,.. di et.hvl cycl.obut ene

Lri ot hyl doVFLBRTERE e, ety DIk e Bl e R e SR T PR e,

cyc: ohexwh@ws:&yoba*] siaeate :aaeﬂﬁbﬂm)dr@p@{d_iéﬁ)uﬁtﬁawecll%c&oplﬂﬂp@w.l €ycl obut ene,
cycl opent ene, t cycl opent ene, | e Cl opent ene, .
ol iR o GraEases gl et L B Rt R0y 37'856Rt ene
cycl ohexybGiselcpBesIiIMe oxygePD ESBIBh Qe HYBRTfeARRIe th TORTRBEINY! isysanent ene,
cycl opent adi ene, net hyl cycl opent adi ene, di met hyl cycl opent adi ene,

tri met hy| SYOUEBBALYATS A CB@t HERRSRALIBP hfagias il bitors ‘_’“USt also follow

15met hyl niish6ke ¥6 hARRBH SR 8nd PHBEEHIRSYY U LRPBORAH &818mon radical

inhibitors and antioxidants such as lecithin and lipoic acid must be avoided.

20
[0032] In some embodiments, it is advantageous to minimize the boiling
point difference between the cyclic alkenes and the stabilizer that is used. For
example, NBDE boils at 89 °C while BHT boils at 265 °C. This difference is
enough to cause significant problems in a semiconductor deposition tool

25 vaporizer means. Commonly, these vaporizer means are set at the lowest
possible temperature to allow complete vaporization of a liquid product while
avoiding thermal decomposition. It is also necessary to balance thermal loading
of the vaporizer means {o correctly vaporize the product without saturating a
vapor stream. With these considerations, it is a fine balance to vaporize the

30 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



i sopropyl cycl opent adi ene, i sopropenyl cycl opent adi ene, cycl ohexene,

nmet hyl cycl ohexene, di net hyl cycl ohexene, tri nethyl cycl ohexene,

met hoxycycl ohexene, net hoxynet hyl cycl ohexene, cycl ohexyl cycl ohexene,

i sopropyl cycl ohexene, i sopropenyl cycl ohexene, cycl ohexadi ene,

20met hyl cy¥P3HERERPEne, di net hyl cycl ohexadi ene, tri met RYFEGHOYWEWAdI ene,
nmet hoxycycl ohexadi ene, nethoxynethylé?clohexadlene

cycl ohexyl cycl ohexadi ene, isopropyl cycl ohexadi ene,

i sopropenyl cycl ohexadi ene, cycl ohept ene, nethyl cycl ohept ene,

di met hyl cycaiphaptiens, tehd tagtdirhaxiel i0 Pt aRRizeMRleRAX KCHdrRRAPLRRLN.
nethoxynethylcycloheptene cIohexyIc cIoheptene 25|sopropylcycloheptene
C dhig deé‘y@{

i sopr opentPTYS '§RERR: diffgeaneg | bepKeehBstbading Roints

di et hyl CMﬁéﬁhé«‘BFk@ﬂé QBAvathves BRb myé.py@bmﬂ@f@t ast RRdubBifcerexst-aheRrt adi ene,
nethoxyneth | ohept adi ene, cycl ohexyl cycl ohept adi ene,

i sopropyl € Yizge ribeir laygst sfeeiiMedeveldhept adi ene, cycl oheptatri ene,
nethylﬁycloheptatrlene 30di et hyl cycl ohept atri ene,

trimethyl cycl oheptatriene, methoxycycl oheptatriene,

met hoxy mefUdgBLy cl ohleyis aiseloewe, reteyes ohaylit aikeneheppasitivrenibat anaD

- sopr open oo SRL AT ror ok R P el By S e e

dinethylcqmymmmybmeﬁnemnnembyﬁ&ywmdaagwﬁeunmtaMmmMmMmkamHMmm@

" Sopr opergT I BERGHEY Sy Y R BP T bR G gy SBRT BN EE. o' °°

di net hy| cy@hp@@ncmh @mﬂmt dritiametd ptabylity QO@E@dIerBRtIy artidpcrelfdiedadi ene,

nethoxyneth.lc | ooct |en cl ohex t adi e

S opr oy YPGB BT aRES M aRY s JerbObe A Tean's Bose smdusis nene,

met hyl cycb@ﬂ&ba@um@m%dﬂawnhgl Q‘Ya@h@@ﬂﬁ@{ &toBigatidn dEREIYAIRSEdsOasiqt ri ene,
nmet hoxycycl ooctatri ene, met h oxy net E%Vﬁg%oom atri ene

10cycl oheiPre gefEortealiars redUced o PHeRINREMOyAeTs in the final

| sopr openyioyied. aRGHRL fm@a@suéawlr@@@ée%ttﬁé R8I afBH BY QMG QRR#8t{ aene,
di met hyl cycl ooct at etraene, trimethyl cycl ooct at et raene,

net hoxy cyehsBeaieiveadings, iReeheRy feln HAPEyZeTdBedns: e'fh*%léfﬁfé’ces the need

cycl ohexyiq vgl ot helinesRte, 'réﬂﬁe@%%t%yﬁdq%%@%seﬁrﬁ@%@machmery is

i sopropenyl cycl ooct at etraene, 3- 1- 15c ohexene

3-(2- net h@bmfh@ﬁjqr) p@d@@ttﬂnoH@ﬁdﬁéionsre@y@m@ﬁ@& pietion ﬁéimﬁpersmp@ﬁeiar

3- cyclohe ysi | ane,
2503 oy R R Bl B norh b PORAABART Y bl b AK

p- ment h leamern fiidhé gragivehdepasiihntad highes inepiecul 20§ QQBIAosmmstuings inpr ef er r ed

I J f I
o200 S TR AL SoMAERERChS cBlMEh, FBLKEDS, hnddlBoBEPSSE! ool @
struct ur ethemafer t Inmamumbmbodr&namsabema&a eflnmird eslatile anlnempamtm@g bi cyclic
. st t d f bsti t ut bi I

atruct ur eeniahis i A5ePHTE By hen Mg sUte s s Gl faos ST o 18 i s
an i nt egesingd trang iska greralé‘rhk)enm)oaﬂnat ihleagelic amén@ayd%%cﬂma)sta@ndeeach R can
i ndependent | ch d al C18

e C1-C18 |jnear C n
LnasPen TRl g Ropny exacaralaiand Seatk selvassd yaug aeBPmia Delverintr 5
branched @b@@@%oe@@e&%ﬁpﬂﬂﬁ%bu¢@ﬁ@Qa@bﬁpﬁmen@3ﬂ@%ﬁc@¥ﬁ%b&y%h5@%y

substituted or unsubstituted aryl, or substituted silicon containing

subst i t uehealeggripridse SYCEICIﬁ'%eQﬁ %pfﬁ'ﬁéﬂ’\ﬁ%‘ beptelivered s lipvifidréd 30t o,

3-carene, %id?hﬁﬂéme@iﬁﬁg md%ﬁd?@enﬁ%rm RRHIRIMRREIN@BES resulting in undesirable
bi cycl o[ 2.2.2] octa-2
cold spots where the temperature is lower than in the rest of the delivery line.
Even in the presence of such cold spots, an antioxidant with a lower melting or
30 boiling point can stay liquefied or vaporized, thereby reducing contamination of

the delivery line at the cold spots by the antioxidant during the delivery process.



triene, [(bicycloheptenypethyl]trinethoxysilane, hexanethyl dewar benzene,
WO 2010/ 005937PC1111S2009/ 049765 17 bi cycl o[ 4. 3. 0] nona- 3, 7-di ene, 1

, 4,5, 8-tetrahydronapht hal ene, 2, 3-di nethyl 1, 4,5, 8-tetrahydronapht hal ene,
bi cycl o[ 4. 3. 0] nona- 3, 7- di ene, blcyclo[4 1.1]oct-3- ene
b|cycIo[4“§”W}%%?*@ ene, bicycl o[ 4.2, 0]octa-2, 4- di ene,PCTUS2009/049765
5-(bicyclo[2.2.1] hept-2- enyl)triethoxysil ane,

bi cycl o[ 4. 2. 0] oct a- 2, 7-di ene, bicycl o[ 4. 3. 0] nona- 3, 6-di ene, 5-

5vi nyl - 2- nor bor nene and 5-et hyl i dene-2-norbornene. [0038] Anot her preferred
cl ass of cyclic al kenes is tricyclic al kenes of the general formul a
CnH2n- ( 2x+4, ere n js.the.n e f carbons in rlnar tricyclic
struct ur 40031 & bt mbScineh bt £ B8 Wal oS R cyel ¢
10st r uct Widuded (@) ¥né or Hridvee ButtIRIte® br BuRHIstitutéd oysic aR,enesl atrhje(bpan mary
tricyclic structure. In this cl an range from7 to 18, x is an

i nt eger &Mgoxd WﬁZDWVWQ§d§ﬁ°Wﬁﬂ%EQF“%ﬁé 2n- (2x+4), each R can

i ndependently be Cl1-C18 |inear alkyl, 031§18 branched al kyl, C2-C18
unsaturated al kyl, C3-Cl18 cyclic aIkyI, 1-C18 |inear al koxy, C3-C18
branched al koxy, C2-Cl18 unsat urgted al kgxy, C3-C18 cyclic 15al koxy,
substituted or unsubstituted ar substituted silicon containing
substituent. Exanpl es incl ude, i€ not limted to, dicycl opentadiene,
1,2,3,4,4A 5, 8, 8A-oct ahydr o- 1, 4- fret hanQnapht hal ene,
octanethyltricyclo[4.2.0. 0(f-E t@ne;H 1, 4-di hydro-1, 4-

met hanonapht hal ene and [4.2.2)prQpel | #£2,4,7,9-tetraene. 20 [0039]Exanp|es
of Rin each of the three cl assese [ [
above include, but are not limted to,\nethyl, ethyl, propyl, isopropyl,
i soprgpenyl, butyl, phenyl, rretit?ylphenylk1 trlnethM|5|IyI cycIohexyI,

T SRehR BB 4T SBLRaendpERERSRE Al S AP ot

i ncl ude %BWrateU SO, B, br@ﬁéhécﬁéﬂl%%ogwlcycimll@'@l -CS ISR RWMoxgnd

i sopr ope(ril(%/ q‘;are nmost preferred for use in 'sem conductor applications.
x

[ 0040] Pr 5 BasadyeteccalkPRie Re e Hanehes dkgpentete, cypliedk@fRene,
30di cycl %%e&tﬁe@d%}%sabﬁh@tee%rrwmnmﬁe p%@fh%?éﬂb@@f%e dflmv%ra@h

al pha- plnene 3-carene, terpinojene, noyrbornene, norbornadiene,
5-vi ni - ’Bnamben@rnréthaé,nﬂo:m of R' through R* is t-butyl, at least one of the

remaining R* through R* is not H.

[0035] Cyclic alkene is hereby defined as any carbocyclic compound
having a nonaromatic double bond in a nonaromatic ring. Examples of classes

15 of cyclic alkene include, but are not limited to cycloalkenes, cycloalkadienes,
cycloalkatrienes, cycloatkatetraenes, aromatic-containing cycloolefins, polycyclic
alkenes, polycyclic atkadienes, polycyclic alkatrienes, polycyclic alkatetraenes,
and mixtures thereof.

20 [0036] A preferred class of cyclic alkenes are singly or multiply
unsaturated cyclic alkenes of the general formula CpHan.2 Ry where n is the
number of carbons in the primary cyclic structure, x is the number of unsaturated
sites in the primary cyclic structure, and y is the number of substituents, R, on the
primary cyclic structure. In this class of cyclic alkenes, n ranged from 4 to 18, x

25 isaninteger and 1 s x sn/2, yis an integer and 0 <y < 2n-2x, and each R can



WO 2010/ 005937PCT/ US2009/ 049765 18 et hyl i dene- 2-nor bornene. The nost
preferred cyclic al kenes are dicycl opent adi ene, al pha-terpi nene,

nor bor nene, nor bornadi ene, 5-vinyl-2- norbonene, and

5- et hyl i dene- 2- nor bornene. [0041] Sui tabl e anti oxi dants of the present

di scl osur YRREEE8ET i bed by Fornula (1), in which Rt RFHUEHRIEH9EANn each
i ndependently be H, Cl1-C8 |inear alk§f, C2-C8 unsaturated al kyl, C3-C8
branched al kyl, C3-C8cyclic al kyl, Cl1-C8 linear al koxy, C2-C8 unsat ur at ed
al koxy, C3-C8 branched al koxy, C3-C8 cyclic al koxy or substituted or

unsubst i t mteseratently wetdh- @Q&n@émkyﬂp@-hﬁg bidhchéd agh CRE danddlnetedl | equal H
and that if one of Rl th &qh R4 1s butés, a%fleast ne qf:‘zthe remai ni ng
(e

Rl thr ougﬁkﬁ4ci3§31h‘6\fc"ﬁa”‘# &Wé‘ﬂe?%ﬁ’iﬁ%@ HICHEG R R bRy mul a (1)
i ncl ude Hyndalareted éi!&ﬁ@r dﬂybych@%ﬂ@‘kybé@dﬁ@lﬂ@é{j 8t ydubsatbddryCer | 1 near

al koxy consi deri ng orementioned proviso. Mre preferréd ranges of Rl
t hrough ReHbshitutes ﬁ'm%ﬂ f(qn)talnﬁ@ay@giltHentlE@znerﬁ%ﬁhisatrl&gﬁ inClgde i dehed al kyl ,

and G5 | i R&a3imiled t@'tk&ﬁylcﬁ& )%ﬁé' A8 fﬂ@rpﬁ‘wfe%el%&ﬁér@‘ﬁgn%ﬁt@réfﬂené/bst

pr ef erred ranges of R R4 in Formul a incfude H, Cl1 |1 near
al kyl, ¢4t Ercawcﬁwiérwloocmr@i vlﬁv%alphaxmyy@@ME@@n ng the

af or ement hNGHRBUCNE, oL ERRhe R ARG bR ddglede, but are
tzg_rtsogut gdizetwymbiobebeylb traaﬁtyrtltyxkobumlaommcmyomtemSOpr opoxy, bu;ox%/, .

[ u referre
exanpl es %‘%ﬁé{%%tﬁgﬁfﬁ%ﬁﬂ%ﬁ &@‘L‘?%X@&(/?'?&Uﬁﬂ¥U'a§r5rﬁgﬁ??£%$u@‘}]gﬁeft hyl , met hoxy,
g; g%lyoe Spalsomblpetnjgsyggasmwfhe, dys!obelmtﬁhe rapthytogciopbutent, rreN?L e prgzﬁrlredmst ox
ona er ¢~ SRS RE e e Erbete e S BagT R n Formia (1)
i ncl ude Hnetﬁ%ﬂlrhyﬂhoxmbh@éMteaéadfyi:idmwc?ub;yénte:[\@Qé(ﬂjrﬁplyibﬁﬂﬁ@nwm| es of

Formul a (| i ncl ude, but ar
ot 1 isbeiomeny Gesiare cydonenthdrne, melbinaBsyBeiEEne (4. NOAT, whi ch

has a boi fadrbeutrirdShEycl el ReaRe,
4- et hyl - 1&;@10 clcﬁpfgraoxyben”zrg%e%?,c §p@§é§zt:§2 gﬂ? §(;ér%{)d;j);ﬁt!)éenzene

4- propy1- methymehpurQeippenzeirae. QYQ‘@W tﬂd@ﬂﬁydr oxybenzene,

4- 1 sopr opibpbpdrcycldbe adiBh8 AsSFEPEMVIARARPU LA €5ciohexene,
methylcyclohexene, dimethylcyclohexene, trimethylcyclohexene,
methoxycyclohexene, methoxymethylcyclohexene, cyclohexyicyclohexene,
isopropylcyclohexene, isopropenyicyciohexene, cyciohexadiene,

20 methylcyclohexadiene, dimethyleyclohexadiene, trimethylcyciohexadiene,
methoxycyclohexadiene, methoxymethylcyclohexadiene,
cyclohexylcyclohexadiene, isopropylcyclohexadiene, isopropenylcyclohexadiene,
cycloheptene, methylcycloheptene, dimethylcycioheptene, trimethylcycloheptene,
methoxycycloheptene, methoxymethylcycloheptene, cyclohexylcycloheptene,

25 isopropylcycloheptene, isopropenylcycloheptene, cycloheptadiene,
methylcycloheptadiene, dimethylcycloheptadiene, trimethylcycloheptadiene,
methoxycycloheptadiene, methoxymethylcyclicheptadiene,
cyclohexylcycloheptadiene, isopropylcycloheptadiene,
isopropenylcycloheptadiene, cycloheptatriene, methylcycloheptatriene,

30 dimethylcycloheptatriene, trimethylcycloheptatriene, methoxycycloheptatriene,

methoxymethylcycloheptatriene, cyclohexylcycloheptatriene,



19 di hydroxybenzene, 3-butyl-1, 2-di hydroxybenzene,
4-butyl -1, 2-di hydr oxybenzene, 3-isobutyl-1, 2-di hydroxybenzene,
4-isobutyl-1, 2-di hydroxybenzene, 3-cycl ohexyl- 1, 2- dlhydroxybenzene,
4-cycl ohexyl-1, 2- dlhydroxybenzene 3-met hoxy- 1, 2- di hydr oxybenzene
( 3- MOCAT) WOi200580y ~ 1, 2- di hydroxybenzene, 3- et hoxy- 1, PI7E2009/049765
di hydr oxybenzene, 4- ethoxy 1, 2- dlhyd}oxybenzene 3- propoxy-1, 2-
di hydr oxybenzene, 4-propoxy-1, 2-di hydroxybenzene, 3-isopropoxy-1, 2-
di hydr oxybenzene, 4-isopropoxy-1, 2-di hydroxybenzene, 3-butoxy-1, 2-
di hydr oxysmmapyieyciahdpidtoane, Isdprahdnytbyooiibeaene, cy@iooetdngt oxy- 1, 2-
di hydr oxyb en -1 sobut oxy- 1, 2-di hydr o en 3-tert- butoxy 1, 2-
Tod nyar SRgBeRISnestens e R Braciens RIS RpEERsene.
3-cycl Oheﬁé’th@xyby&ioactedbh)'ldt’r@kgrbt@ﬂwelooctene cyclohexylcyclooctene
enzene hen di hydr oxybenzene,

4- cycl ohexyl o hydr o
4- p%enyl‘ﬁF§°é¥WV$¥E¥%ﬁ% ﬁémm39¥ﬁoﬂﬁ?% Wﬁﬁ%ﬁ?ﬁ?@ﬂez dlhydroxybenzene,
4- (4- rget Wétﬂg@w&)éctéd@n@'d?hﬁ@ﬂ@l@(/@l%é@ﬂ%ne%'h%iﬁyi@ﬂd&etélﬂer@t hyl -

, 2-di hydr oxybenzene, 3-nethyl-4-tert-butyl-1,2-di hydroxybenzene, 3-
15tert- bdﬂ?tO&Wh€®ﬁ6¥vﬁmeZUGﬁHVMFEQVHyﬁ@@ﬁ@dEﬁenethoxy 4-tert-butyl -1, 2-

dlhydrOX%Qﬁﬁﬁﬁﬁﬁe%ﬁéygﬁqﬁiggoxybﬂ%&?c%og&ﬂkﬂﬁd%85¥$%Hﬁ8ﬂﬁbomadmne

3- met hoxy-4-a enz
3- al | y1- 4&ypephiglriepe2rgithweiictorg t@érwg;methylcyclooctamene

3. 6o ret iy TP EegE RS, ARSI R e AR e SRS e,

3, 6- dzonetdwlbhéxy&eycﬂﬂacthtnmd)csqprdp;&cy@ldo;ztﬂtmm;ebmpmwnwnﬁciooctatraene

o B e N R ERE R e S h AU e of Forie (1)

3- nethoxyﬂme&wﬂwadcm&ymeneemeﬁmﬁyﬁmmdmmaeﬂaauadlhydroxybenzene

1- di h 1, vd b
P Sobt og AT H B F EHsne, SR OPERISRACINSES Ly dr okybenzene,
sobut Méoﬂo@yl@kldib&:‘tawwm mroM@leﬁbMételraane - Eu@lfmybenzene

ert-buty -di hydr oxybenzene, 4-tert-

|

i

E hy'- 1 %@hﬁﬁ@o%@é‘ﬂ%@ﬁm@ﬂw d| Sstohprene. 23 @f%ﬁ%&%@ﬁ@ﬁ%lane
2 di mstahez! cler?exéhhwﬁama@aa@iz (@c?cté‘hé@n?hféth}l tam@tﬂmgi@%ébg%ene

thyl -1, 2- hydr oxybenZene roxybenzene et hoxy-1 , 2-

hyd
30 dlhydﬂﬁﬁpbéﬁﬁbﬁéﬂw H@ﬂﬁméﬁkﬁﬁyﬁﬁt@ﬁWﬁW?@M§%VBeﬁf@%ﬁh M¥e preferred

ant|OX|dqﬂﬁﬁ HrehOr AR @rdiddiedd € 3-net hyl - 1, 2- di hydr oxybenzene,
4- et hyl -1 50 o e T 00%) 046768 2b a) hydr oxybenzene,

3- ethyl 1, 2 dlhydroxybenzene 4-et hyl - 1, 2- di hydr oxybenzene,

g- Pﬁgﬁ m)&iﬁ di hyghB%%pE%%ﬁ?idygég%{)enzéfelcygl"éjélﬂ&%so?éyr}?@&ﬁc?gﬁenes

4-tert- bu:tfyrhe Gemrahpimdla Z:.tiohy.ds ok ylslegreemie th@ndmber of carbons in the
di met hy1-1

1 b d 3,5-
5di net hylpr ygsq\f{gkbcr )%ifggﬁggﬁethgﬁg@%eg?t?% art%"&?eéﬁ ,{Q% n@rg‘q%"g'ngor ﬁlrjll a (1)
are 3- metﬂmlchd sﬁudwfey dnox\ib erzeumeherdf lxebttythhothRdbﬂwﬂer oy g Eemtc
g t”g; P Oﬁﬁsttryp&ﬁe rrl.ﬂ%ﬁ (Sq_ bef%ﬁi%@kgg&p.n?bggﬁ@n ge fromkglt £t g( X(btse 2;21 eE\nr](e{;er

4-t eris- budndl x §ﬂm?tyh$/bn 1nt89§l1 smdob 4] %bmmne) afd dath R&idmy&dépezrdenn
di hydr oxybenzene, -di hy drogibenzene and 3, dlnethyl 1, 2-

10 di hydr%&b@msz'é}?éf a'[k@sb&?sj%gtﬁftcaﬁﬂé"kdbﬁ}; ®LaEREFAted ki BatGioxi dant of

Formul a (dyhiicaRylr 8ngs, hné‘arr%moﬁyct%c% AR AROYL C%—qu BRSBuRJ abl e
concentratlon ranges can i ned defining'a ow end of suitable

concent r &BWs Cafeds 8YHE QWOéncBb@ﬁhtymrtL&tsuéstébﬁeéémlr art suhsgtuted
silicon containing substituent. Exampies of this class include, but are not limited

3-
3-
3-
3-
nme
3,
3-

30 to, 3-carene, alpha-pinene, norbornene, norbormadiene, bicyclo{2.2.2]octa-2,5,7-
triene, [{bicycloheptenyl)ethyi]irimethoxysiane, hexamethyldewarbenzene,



[ 0044] The | ow end of the suitable concentration range for an antioxi dant of
Formula (I) can be any value from about 1 ppmto about 50 ppm For exanpl e,
sui tabl e concentrations for the | ow end concentration range include, but 20
are not limted, to 1 ppm 5 ppm 10 ppm 25 ppmand 50 ppm |f the anount
of the antV82PW4AY31s too small, the gntl oxi dant may nB?%PW?”ﬂ‘@”’énough
stabilization effect to the corrpositi n to be stabilized. [0045] The high
end of the suitable concentration range can be |imted by 25sone

consi derations, such as the deposited filmpurity, the anount of inpurity
in an ant bmyd:ldarﬂ O}mbnEﬁrmleanMSMrawUtdaiabhmieﬁe, 2/8-@dintetiopd dant  of

ant § ox daht SBUP T ELEIPF RIS, BeoRRTL S PoNF b GU Ry DRV BHb  Bbant of t he

ant i oxi daghe, ¢ y@id4 me@asa ém@m@@w 412|0]1§d°[@¢l,meleae| ar(tg@y@cs[wnt]h@ét a-npurit y,
t her eby resul tin in the 30stability conposi tion.

hi gh end ‘6?‘3/;11%@“86\@@%’?1? rtﬁ‘fﬁcgﬁfgfo %ﬁﬁaz%% F’tﬁ’i@?d%’ﬁi’d%[fj' WPHW 24ENe@n be any

val ue §roghabmubrobARPMd 9-caRRMnef horfithekeianpl es WO
20101005937 CT1U820091049765 1 of suitable high end concentrations

include, but are not limted to, 100 ppm 125 ppm 150 ppm 175 ppm and 200
ppm [004§i{}%‘$ t abl %@W&%ﬂ%ﬂ%éﬁﬁ%&d@%ﬁé@wt 8@@9%‘!9&3506\‘ th@e specific

5ant i oxi d r’rPI oye e specific process use Exanpl es of sui tabl e
concent r agergral feryele Golrzh- ude yRy wheeboistthe npprber of a&rbans mer@plmaff’ rom about

L ppm to f}fﬁg&cs"trr&tx%%st L %éf%nré%mlat sﬁ%é%rﬂ trgenggrtt tn%chgr sui table

concentra ranges \/voul om a 00 ppm from
about 140 piucttie, ab@ytas m‘bﬁwmpmr df sobstabioans, RQop pme pmatydm:ycﬂ;QS ppm and from

i 0 about 1 it a ntrati nges woul d
i ncl ude f§t8%9§ t@g%ﬁ%& '?g ’iﬁ%ﬁe%r’té% ?‘?o%u‘ Eﬁ%ﬁ(ﬁ?a% pﬁ&r Xasabout 175
ppm fromaalimager%dpmmytsﬁmm)um ledmhppoan aoepéndentigloeut,-2% lpeert o about 100
ppm O her  suit Qn ran es uld include fr out 50 ppmto
bout “200eHinC o AT Mo st e SaRG TS FT bt CRCARIC o ppm £ 15
about 150hrmuﬂalkforx9nn:@@w@ra5ampﬁk©? , & uhastupdtet a&@dyfmﬁm@c‘%u& 50 ppmto
about 100 ng é&gomt}e he stabi]iz (iycl L&ﬁ Ike&;e conposi.tion can include a
si ngl &3 anfikexy. 4RBY dlf%Sr‘“WﬁF%St(Ll‘t? &Y OTRUPB TV LR ICQRPPRIPINExi dants. The
m xture 0§ub”s§@@f§dt%>téﬂﬁdlé§:d&hﬁeb§ut' dte @Y limRbatd, \droyRiopRAlicpd, and may
further include phenoli

1,2,3,4,4A,5,8,8A- octahydro 1,4-methanonaphthalene,

octamethyltricyclo[4.2.0.0(2,5)jocta-3,7-diene, 1,4-dihydro-1,4-

methanonaphthalene and [4.2 2]propella-2,4,7 9-tetraene.

20

[0039] Examples of R in each of the three classes of preferred cyclic

alkenes described above include, but are not limited to, methyl, ethyl, propyi,

isopropyl, isopropenyl, butyl, phenyl, methylphenyl, trimethyisilyl, cyclohexyl,

methoxy, ethoxy, propoxy, iSopropoxy, isopropenoxy, butoxy, phenoxy,

25 methylphenoxy, trimethylsiloxy, or cyclohexloxy. Preferred examples of R
include methyl, isopropyl, and isopropenyl. Methyl, isopropy! and isopropeny!

are most preferred for R for use in semiconductor applications.

[0040]} Preferred cyclic atkenes include dipentene, phellandrene,
30 dicyclopentadiene, alpha-terpinene, gamma-terpinene, limonene, alpha-pinene,

3-carene, ferpinolene, norbornene, norbornadiene, 5-vinyl-2-norbornene, and 5-



additives (e.g., a nonohydroxybenzene) represented by Formula (I D: RBR9
RE6R5(11), I n which RO through RO can each i ndependently be H, Cl1-C8
| i near al kyI C2- C8 unsaturated al kyl, C3-C8 branched al kyl, C3-C8 cyclic
al kyl, Ci- | i near al koxy, 25C2-Cg unsaturated al koxy gnched

al koxy, c’s"oc%’ U5 c al koxy or WO 2Q10/ 005937PCT/ uszd’&ﬁ%ﬁ%”}%%”

substituted or unsubstituted aryl. anpl es of suitable substituents and
preferred substituents are the sane as previously described for Formula
(1'). [0048] The cyclic al kenes can be obtained comrercially or by synthetic
t echni qu@hykidemQtrmrbdmeeei ﬂihelnmsapteferlreﬂ cmmm:*nas amaterials, chem cal

manuf act uy er make cl.i ken ften stabili hei r products
with rel qy\&;&pﬁnﬁad gﬁﬁgﬁ?rpg}engnggrﬁp H@’}bﬁﬁ@%@%t gﬁéﬁ& acturers are
not accusicasmdedd) amald-ogyhdaiz- z}umbtoynqwreoduct s, their product handling

techni ques can be relatively poor, and air, noisture and other contam nants
can possibly toenter the container before, during or after filling. These

cont ani Ngog41] OnCGSQité}ﬁ@anN[démé Bf thegresutit diseRisureCare daussedCiopsi der abl e
degradation to the produgt if it s stored for any length of time. For

seni condd& @Ak ﬁb‘é’@é’h Fi H@roeem?erc@naﬂachmweaﬂgm Hb@ Fafineded to renove
al | - bypr ofiug s, canRsAGRd ARG, cy@g%t»érseheu aﬂ%ﬁtesLéééycﬁé‘aﬁlpl ey, mation. 15

[0049]However to maintain purity and stabil’ization during purification,

storage diRGarAkepl fg: CetHf@ﬁby@tleﬂ@'@Weﬁe%ﬁ(ﬁ%ﬁﬁ@ﬁﬁ%%@s%ﬁwlﬁe present
alkoxy or substituted or unsubstituted aryl with the proviso that R' through R* do

10 not all equal H and that if one of R through R* is t-butyl, at least one of the
remaining R through R* is not H. Preferred ranges of R through R* in Formula
(1) include H, C4-Cs linear alkyl, C3-C4 branched alkyl, and C4-C: linear atkoxy
considering the aforementioned proviso. More preferred ranges of R' through R*
in Formula () include H, C4+-C. linear alkyl, C4 branched alkyl, and C¢ linear

15 alkoxy considering the aforementioned proviso. Most preferred ranges of R
through R* in Formula (1) include H, Clinear alkyl, C4 branched alkyl, and Cq
linear alkoxy considering the aforementioned proviso. Examples of suitable R
through R* include, but are not limited to, H, methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, tert-butyl, cyclohexyl, methoxy, ethoxy, propoxy, isopropoxy, butoxy,

20 isobutoxy tert-butoxy, cyclohexyloxy, phenyl or methylphenyl. Preferred
examples of R' through R* in Formulta (1) include H, methyl, ethyl, methoxy,
ethoxy, propyl, isopropyl, isobutyl, and tert-butyl. More preferred examples of R
through R* in Formula (1) include H, methyl, ethyl, methoxy, and tert-butyl. Most
preferred examples of R' through R in Formuia (1) include H, methyl, methoxy

25 and tert-butyl.

[0042] Suitable examples of Formula (1) include, but are not limited to, 3-
methyl-1,2-dihydroxybenzene, 4-methyl-1,2-dihydroxybenzene (4-MCAT, which
has a boiling point of about 251°C), 3-ethyl-1,2-dihydroxybenzene, 4-ethyl-1,2-
30 dihydroxybenzene, 3-propyl-1,2-dihydroxybenzene, 4-propyl-1,2-
dihydroxybenzene, 3-isopropyl-1,2-dihydroxybenzene, 4-isopropyl-1,2-



di scl osure nmust be handl ed under strictly controlled conditions. These may
include: addition of a stabilizer to a product receiver prior to
distillation so that a 20product is imrediately stabilized once it enters
the product receiver, performng distillations under dry, inert

at nospher e¥0 2p10§8¥8Us| y cl eani ng and dryi ng cont ai ner s PEEUSHBIPEES usi ng
cl osed-filling techniques that preverld? the product from being exposed to
air, filling in a cleanroomto avoid dust and trace netal contam nation
that could act as polynerization catalysts, and carefully choosing

25cont ai neah?q:to&{@ér&\éﬂa,ta@as@@s WL @hi@orier2en8t LBhtyl-NgoNPRdrbRjenrBhEr i al s.
[ 0050] Stabil'i zation of the cyclic al kene prior to purification is as

i mpor t ant 33@%’53&‘6!@15E‘aﬂi%ﬁb%ﬁze@ﬁe‘im%ﬂ n%ﬁﬁhl‘:’ﬁ"@’xéwz&f‘?e:?‘C]éQlia'i‘?’%at i on.
Wile ar @}’Z-cﬁfﬁ%@rﬁk?ﬂen&@h@,%—@ﬁl&@x PPQLéihsﬁ%k%nH@Ne,@-ﬁw@Myﬂ%t arn a
stabilizer such as BHT that was 36added the manufacturer, 1t is common

for stabi fHihydioxgbenzeng (AMOeomEentrethiaxyr £-eiryetrabenzane; Agthaorhge. In this
i nst ance, 4i | pf O @/ iti.onal P
2010/ 0?)59%@&%@?&%%85%0‘?15%%&33?g?]£ﬁ)§§g¢£ég% g pﬁ?%&ﬂe’zof stabilizers to

t he raw ndihgdicalberzecendpnepaxppiR-dihyeésoxybemreneo asabropexyr2t he purificati on
process. ' X € P L, thear afgrial and in
distillat %@%@%‘%@%ﬁt X-?s%%g%yau%- th’? 5&’%?&%‘% ‘ %e?@‘\é%)&ﬁfeﬁpr opensity to
react w t tdihyosixgberdzenedd-oytdxycl, aditgneoxybetteney dpssbupdrast2duri ng a
distillation., If this reaction e.to occur_and,if the resylting inmpurity
condensed PHOYRtTRRE G oy Rbye B OB ede oy R o (e

di sti L at HibpdidxasénzehBed gort-bltor@y , ZaIytRsybéidenst alitibAetyl@nydi becone

deacti vat e’% gef ore it hgs t he O&Porégr&t t o, cause residue formation.

Fol | owi ngafHFEXEasRzeNgf CYSIPRe o L IMSEPRRZa . PrRSIVAL @ y st abi | i ze
product t Aibydiokyseidenet £GhERAM 2. aeyvakINybEERIN0B-(AIrAGBFIBhERYI)- gL any active
inmpurity is deactivated before it can begin to formresidue. [0052] An

addi t i onafihyeiPyPeEenen <48 tRapneMer LideypPebeaaeHfe Frierirutylri on _

15t hr OUQhm%ttPﬂh?Z—dﬁ‘?@z‘o‘i%é%ﬁe??—n%ﬁh IQﬁtegﬁﬂ)thiH dgldﬂ{?d'ﬂ&(y‘blﬁn%ﬁ@?%-t O strip

out inpurities such’as water, alcohols, peroxides, 'stabilizers, stabilizer

degr adat i tait-prisdtrerashoxlgetiucsarybegame Tmeloxyideertdndyiga?ti cul ate matter.
o PSR pisstuy EORY op s RS gle WRbEhpadNg 3
t he raw matZedingdrokgbarizangetabyhidongthvt-alF-dinydoxyhenzree f3-askhyl deallyepl ace any
et e, Aol AT DRSS AOaL Wb gt ot on of
dihydroxybenzene, 3,5-dimethyl-1,2-dihydroxybenzene, 3,6-dimethyl-4,5-
20  dimethoxy-1,2-dihydroxybenzene and 4-methyl-3-methoxy-dihydroxybenzene.
Preferred antioxidants of Formula (I} include 3-methyl-1,2-dihydroxybenzene, 4-
methyl-1,2-dihydroxybenzene, 3-methoxy-1,2-dihydroxybenzene, 4-methoxy-1,2-
dihydroxybenzene, 3-propyl-1,2-dihydroxybenzene, 4-propyl-1,2-
dihydroxybenzene, 3-isopropyl-1,2-dihydroxybenzene, 4-isopropyl-1,2-
25 dihydroxybenzene, 3-isobutyl-1,2-dihydroxybenzene, 4-isobutyl-1,2-
dihydroxybenzene, 3-tert-butyl-4-methyl-1,2-dihydroxybenzene, 4-tert-butyl-3-
methyl-1,2-dihydroxybenzene, 3,4-dimethyl-1,2-dihydroxybenzene, 3,6-dimethyl-
1,2-dihydroxybenzene, 3,5-dimethyl-1,2-dihydroxybenzene, 3-ethyl-1,2-
dihydroxybenzene, 4-ethyl-1,2-dihydroxybenzene, 3-ethoxy-1,2-
30  dihydroxybenzene, and 4-ethoxy-1,2-dihydroxybenzene. More preferred
antioxidants of Formula (1) are 3-methyl-1,2-dihydroxybenzene, 4-methyl-1,2-



at atnospheric pressure with mninmal degradation, the purification process
may be optim zed for nore sensitive cyclic al kenes by using alternative

nmet hods. As 25distillation at a reduced pressure |lowers the boiling point
of a cyclic alkene, those that are especially sensitive to heat can benefit
from di st WO H/HR9HL a reduced pressure. Alternativel MCHHBIIEET6T
short-path distillation equipnent, stth as a wiped-filmor falling-film
still, can reduce heated residence tinme and therefore reduce degradation
that can lead to residue. Note that these nmethods reduce 30t he

ef f ect i vengapoghbededad, 3t éthg-DRIIHyRORYLEhSshe, BasthnavedmyBRixybértzepel nt
simlar to the target cyclic al kene. Therefore, may be used after an

‘ ‘ t hey
at nospherd-@e sy 7630/ I35y pERNesI 00RNeNs T 650 DYArBEENF 48, bif it ri p out
unwant ed 4-%&@#@!2-&i%k%ﬁ&&aﬁ@%té@bﬁut?ﬁsl-?nét@ﬁH‘?@ldlh@dﬁdi?béﬁzehb%,zx- _
purification process: [0054]Alternative nethods of stabilizing a cyclic
al kene nmemetiyl-tidedihBladibegzanetadidimetayl-1.8-dhydepebenirpey 888 8i5-and r unni ng
purifi.ed 15 thaki. A i C i fd QW ng
Pur 1 %d g rneZARhydrEBbertEne. CMBL(ERErL shichBaRiett Fohdfla 01581 08 o 11
passes t @G-aettetdidrilihgdrosgzmizena, o midnyli1d2-dihgdokyieendese sd-atsthoxyet,2- and
dosing stahi]jzer |nto R i) | hat has
been col logt&der | ﬁng&ﬁeéégr:ﬁéflhﬁéﬁaeé;g@yb%%g%}géfgiteﬁggu%%%%ﬁ%ﬁo%rI ate
st abi | i zetfilsycane/beokents 4-teheyutydBamisthyivd i2editlydrbkyhdnizethe, Jdualimethat £2and

measure than |iquids. . stahilLzers can be dissolv i opriate

an - soberpybesfene, A dirdle 2 EvarddBe e AR PO ms o on Tn the

t ar geto cmﬂc?icﬁo beapene An al ternative net hod of stabilizing 15cyclic al kenes
es '

also inclu issolving a solid stabilizer in an appropriate liquid
solvent or in a high concentration in the cyclic al kene, whereby the

resul tingobagpui d i A JurePlc4dRbehttatthaf iahi sFBoRidemdfiForalisaneanAbhgs nativel y,
several of the described stabilizers can also be nelted and handl ed as a

i quid tdrese abeyt e te pepic2 0 e SuBRPIP GOBET HIRIORERHIRECARDuUr i fi cat i on
and st abiddrgad b)Refthing Wabhverd! df@0RSble concentrations and a high end of

15 suitable concentrations.

[c044] The low end of the suitable concentration range for an antioxidant
of Formula (I) can be any value from about 1 ppm to about 50 ppm. For
example, suitable concentrations for the low end concentration range include, but

20 are not limited, to 1 ppm, 5 ppm, 10 ppm, 25 ppm and 50 ppm. If the amount of
the antioxidant is too small, the antioxidant may not provide enough stabilization
effect to the composition to be stabilized.

[0045] The high end of the suitable concentration range can be limited by
25 some considerations, such as the deposited film purity, the amount of impurity in
an antioxidant of Formula (l), and solubility of an antioxidant of Formula (l) in the
cyclic alkene composition. For example, because an antioxidant could itself
contain impurity, including a large amount of the antioxidant into a composition
could introduce a large amount of impurity, thereby resulting in a decrease in the
30 stability of the composition. A high end of the concentration of an antioxidant of
Formula (1) can be any value from about 100 ppm to about 200 ppm. Examples



descri bed above may be conbined to ultimtely provide a stabilized product
with the highest purity while avoiding the potential to forminpurities
that can lead to residue. 25 [0057] Many chem cal precursors and precursor
conpositions for the sem conductor industry are typically packaged, shipped
and st or edWPDROE{08393T ess steel containers to retain pro@GTUSHIHET6§ for the
maxi mum anmount of time. The product &dntainer is then connected to chenical
delivery equi pnent that transfers 30the chemi cal by a precisely controlled
means, to retain product and process WD 2010/ 005937PCT/ US2009/ 049765 25

purity angds SamRsicHighneld coHEdhtitiBRO FRARICCHU NERRE limfted &f, AD0GHNT,q2Bere as a
filmdeposition tool. {30058] The conpositions of the present disclosure may

be used i APANYSBBDM: ABP ereHid €3 PREpor deposition process which requires a
cyclic al kene. Preferred processes are those chem cal vapor deposition
processes enpl oying a silicon containing conpound to deposit a | ow

di el ect ri 006hst antSyitaba cancanipbiéa @hgssimayblasy geprreineen ihtcsnaddic but are

6. 756, S22E BT SRRIAERG G0 bt EpltelE Lt SR e et e
i ncor por atettdmjratied erges enclfdObON Eiost ¢ippol wsaoat P80 apswfrdmraxted to a
process o

f using a lic al kene osj ti,on forming a . er of
P bon: dopetieiboft FEh P SBouE s ERRP A A0E.eb™ TSl BISh: Thy
gycl ic al kmmat‘rqnom‘r:tgieemvcmitdi_nawielficcmabommw@pﬂip] mga%&ﬂcﬁmqwmt_ from a L ilm
eposition _c er t cont.ains .a supstrate, there ormn car bon
dopod o1 1 Pal DS e Ao dTsedt St BRAVET Sirn ' b AW T ol udte,
prior ;0 bbsuitMegimenbbSiteno gyney Dthdigultasic @phtdraibkeatgoNmagi tion in a
first contajner, the silicon containing conmpound in a second container, a

fil m depo¥ictidsrirard8Podism BRIt §OPHeLUT PR JENBSLPH of BRANBEPOUL! ipas

20del i ver ¥phi ft8mf sout 28 PRAT tolbdu €256 bt aABdoReSeNH 2BPYAtdBsSutiBot he film
deposition chamber within the fil mdeposition tool, d a stream of carrier

gas to sweep. tpbecsudiabie %{?ﬂ@@ﬁ@amgﬁ M@h"dafﬁafuﬂﬁémﬁﬂagb%rﬁodtﬂﬁ@ 8 ning
conpound LHEAUYD SrE 18RS about 50 ppm to about 175 ppm, from about 50 ppm to
15 about 150 ppm, from about 50 ppm to about 125 ppm, and from about 50 ppm to
about 100 ppm.

[0047] The stabilized cyclic alkene composition can include a single
antioxidant of Formula (f) or a mixture of such antioxidants. The mixture of

20 antioxidants may be in any relative proportion, and may further include phenolic
additives (e.g., a monohydroxybenzene) represented by Formula (I}

RS R®
R’ 0O—H

R R? (i),
in which R® through R® can each independently be H, C;-Cg linear alkyl, C»-Cs
unsaturated alkyl, C3-Cg branched alkyl, Cs-Cs cyclic alkyl, C4-Cg linear atkoxy,
25 Co-Cg unsaturated alkoxy, Ciz-Cg branched alkoxy, C3-Cg cyclic atkoxy or



delivery Iine into the fil mdeposition chanber; introducing vapors of the
cyclic al kene conposition and the silicon containing conpound into the
carrier gas 25stream and transporting the vapors of the cyclic al kene
conposition and silicon containing conpound into the fil m deposition
chanmber vWO IREOBEYri er gas stream [0060] The cyclic AWEREYIL¢Abl e for
t he above-nenti oned process can be t sane as described previously (vide
supra). WD 2010/ 005937PCT/ US2009/ 049765 26 [0061] Silicon contai ni ng
conmpounds suitable for this disclosure includes any class of silicon

cont ai ni %b@lﬂbﬁs@%r@n@%ﬂat@i@dSalritlaIE&Smpﬁisl@f@ﬂth{ﬁ@%&bstﬁbmxﬁﬁd| anes,
al kyl al koxyS| | anes, carboxysil anes, al kyl carboxysil a

al koxycar%%ﬁ??ﬂlsﬁﬁgguefﬁﬁ@? Eﬂek?ﬁf'%é? Bfﬁwsfyaq\%%c ibgd f%zﬁo"@}l\ad}()anes cyclic
5si | oxanes, fluorinated silanes, fluorinated al kyl silanes, fluorinated
alkoxy5|lanes fluorinated al k Ialkoxy5|lanes quorlnated car boxysi | anes,

fluori nat[ﬁ@#@ kyl c?.ih@@x«;ma”sm% caﬂ|hﬁﬁbtwaﬁéﬁomnv@fﬁlﬁ&xaerbmwtm%tms
fluorinatg | @!oWXSQ%&OMﬁé gﬁ”‘iﬁ corfnl'ﬂé% f\al‘s‘ P&&hical | oxanes,

fluori nate i ¢ Siloxanes, m xt ur es t er €eo npl es of each cl ass
descri bednabda@ur_‘ﬁm; whbudeke chw;llc alkeneowill oftent stabitize thBlﬁ@S@itszltﬂ)w’ahl n Schenme 1

o BRI RTRENRE P BBl 220 LR
corrpoundsaonﬁstlémmub andKing higbmporityeprodiligts adheinpriducekandhieg éedhnépsesr i bed
therein. caw?ae re 3%8195;;%%? Pacr:xT aL|JrS %)oqgt{,ipelle?n? gth%!? c&'?ar'?lrln%nts} cSan/ possibly
10 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.
15
[0049] However, to maintain purity and stabilization during purification,
storage and shipping, the cyclic alkene and compositions of the present
disclosure must be handied under strictly controlied conditions. These may
include: addition of a stabilizer to a product receiver prior to distiliation so that a
20  product is immediately stabilized once it enters the product receiver, performing
distillations under dry, inert atmospheres, rigorously cleaning and drying
containers before use, using closed-filling technigues that prevent the product
from being exposed to air, filling in a cleanroom to avoid dust and trace metal
contamination that could act as polymerization catalysts, and carefully choosing

25  containers to prevent exposure to air or other incompatible materials.

[0050] Stabilization of the cyclic alkene prior to purification is as important
as stabilization of the product during and after purification. While a raw material
selected for purification may already contain a stabilizer such as BHT that was
30 added by the manufacturer, it is common for stabilizer quality and concentration
to degrade during storage. In this instance, it can be helpful to add an additional
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stabilizer or a mixture of stabilizers to the raw material to consume impurities

prior to and during the purification process.

[0051] Since oxygen may be present in the raw material and in distillation

5 equipment in some guantity, it may have the propensity to react with unstabilized
cyclic alkene in the vapor phase during a distiliation. if this reaction were to
occur and if the resulting impurity condensed in a refluxing process, the
condensate ray return to the distillation flask. There, it may combine with
stabilizer and become deactivated before it has the opportunity to cause residue

10 formation. Following this same logic, it is also important to immediately stabilize
product that is collected from the purification process so that any active impurity
is deactivated before it can begin to form residue.

[0052] An additional purification step may include a pretreatment filtration
15 through a polar medium such as silica gel or alumina in order to strip out
impurities such as water, alcohols, peroxides, stabilizers, stabilizer degradation
products, oxygenated organic impurities and particulate matter. This step is
ideally used to condition raw material when charging a distillation flask. New,
active stabilizer is added to the raw material, or the raw material is charged onto
20 stabilizer in the flask, to replace any that was lost during the filtration process.

[0053] While distillation of cyclic atkenes may be carried out successfully
at atmospheric pressure with minimal degradation, the purification process may
be optimized for more sensitive cyclic alkenes by using alternative methods. As

25 distillation at a reduced pressure lowers the boiling point of a cyclic atkene, those
that are especially sensitive fo heat can benefit from distiltation at a reduced
pressure. Alternatively, the use of short-path distillation equipment, such as a
wiped-film or falling-film still, can reduce heated residence time and therefore
reduce degradation that can lead to residue. Note that these methods reduce

30  the effectiveness of separating out impurities that have a boiling point similar to
the target cyclic alkene. Therefore, they may be used after an atmospheric
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dislillation to strip out unwanted residual impurities that may have formed in the

initial purification process.

[C054] Alternative methods of stabilizing a cyclic alkene may include:

5 adding a stabilizer fo a receiving vessel and running purified and unstabilized
cyclic alkene onto the stabilizer, flowing purified and unstabilized cyclic alkene
over a quantity of stabilizer as it passes to a receiving vessel in order to dissolve
the stabilizer, and dosing stabilizer into purified and unstabilized cyclic alkene
that has been collected in a receiving vessel.

i0
[0055] Since most appropriate stabilizers are solids, they can be more
difficult to manipulate and measure than liquids. Such stabilizers can be
dissolved in appropriate liquid solvents, or they may even be dissolved in high
concentration in the target cyclic alkene. An alternative method of stabilizing

15 cyclic alkenes also includes dissolving a solid stabilizer in an appropriate liquid
solvent or in a high concentration in the cyclic alkene, whereby the resulting
liquid is then used to stabilize a cyclic alkene. Alternatively, several of the
described stabilizers can also be melted and handled as a liquid to stabilize a
cyclic alkene.

[0056] The methods of purification and stabilization of cyclic alkenes
described above may be combined to ultimately provide a stabilized product with
the highest purity while avoiding the potential to form impurities that can lead to
residue.
25
[0057] Many chemical precursors and precursor cormnpositions for the
semiconductor industry are typically packaged, shipped and stored in stainless
steel containers to retain product quality for the maximum amount of time. The
product container is then connected to chemical delivery equipment that transfers
30 the chemical by a precisely controlled means, to retain product and process
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purity and consistency. Such a process equipment is referred to here as a film
deposition tool.

[0058] The compositions of the present disclosure may be used in any

h

suitable chemical vapor deposition process which requires a cyclic alkene.
Preferred processes are those chemical vapor deposition processes employing a
silicon containing compound to deposit a low dielectric constant film. Examples
of suitable processes include, but are not limited to those described in US Patent
Nos. 6,815,373, 6,596,627, 6,756,323, 6,541,398, 6,479,110, 6,846,515, and

10 6,583,048, herein incorporated by reference.

[0059] This disclosure is also directed to a process of using a cyclic alkene
composition for forming a layer of carbon-doped silicon oxide on a wafer. The
process includes treating a cyclic alkene compesition and a silicon containing

15 compound in a film deposition chamber that contains a substrate, thereby
forming a carbon doped silicon oxide film on the substrate. The process can
further include, prior to the treatment step, providing the cyclic alkene
composition in a first container, the silicon containing compound in a second
container, a film deposition tool containing the film deposition chamber, a gas

20 delivery line for connecting the first and second containers to the film deposition
chamber within the film deposition tool, and a stream of carrier gas to sweep the
cyclic atkene composition and the silicon containing compound through the gas
delivery line into the film deposition chamber; introducing vapors of the cyclic
alkene composition and the silicon containing compound into the carrier gas

25 stream; and transporting the vapors of the cyclic alkene composition and silicon

containing compound into the film deposition chamber via the carrier gas stream.

[0060] The cyclic atkenes suitable for the above-mentioned process can
be the same as described previously (vide supra).



s-0OF3 F30_slil /0 Fic \ OF3 OF3 [0062] Suitable exanples of silicon
cont ai ni ng conpounds of the present disclosure can also be those descri bed
by Formula (111): WD 2010/ 005937PC171182009/ 049765 28 In Forrmula (111),
R13 through R13 can each independently be H F, OH Cl1-C8 |inear alKkyl,
C3- C8 br aWE¥/ ¥Ry , C2-C8 unsaturated al kyl, Cl-C8 INHBRFYHKIKY, Cs-c8
branched al koxy, C2-C8 unsaturated a?koxy, C4-C8 substituted cyclic alkyl
50r al koxy, Cs-C8 unsubstituted cyclic al kyl or al koxy, substituted or
unsubstituted aryl or aryl al koxy, substituted silicon containing

substi t ugeee1]par ti 8llitoyn oonthimidgycdrhpramdeatitabl€TerGBis| disnbarurainciudes C8- C8
branched al kyl , - C8 unsat urated al kyl artiall r. fully fluorinated
Cl- C8 Iiﬁ@&@ﬁﬁﬁK§%W?O%§QQ%”%FhW8 EH%é¥ﬁBf§fm€ﬁ@%ﬁmﬂﬁﬂﬁ?ﬁ?ated al koxy,
parti al | yafieixyildnk¥, dikyakbRaiigtesCéaBdxgsianks talkgehroynsiigngd, kyl or al koxy,

C3-C8 unsubsyltuted_cyclic al kyl or a koxg, BartLaII or fully fluorinated
subst i t utHPxyearbRIareT Gl FaTEPX R IONCH I IREXYSIONENES YFY or fully

f 1 uor isnatgy sHeRshidritbsl Siahb§ aMioRRBiedl MyMIaRES SLOHHSRY ali@QPsianBgr ti al [y or
fully fluorinated carboxylate |igands, or mxtures thereof. Exanples of Rl

t hrough Mugringtegatvialioxysilanesi fudrinated gaiboxystanest lveriRaled to, H F, OH,
et hyl , £SO 1-S05 : tyl, phenyl,
i hgl phﬁ@t}(c%a*r%@fe@@%{es, l§<9rer%,‘[’tﬁz;)?{lkoxﬂlc§ ox}??éfn%@ef‘ﬂ)erma@d yl', pheny

exyF, met hyl'cycl ohexy nethoxy, et hoxy, propoxy,
i so- pr opa@lyjalkexkycapoxpsilenexyfiuoraaleslipaansioyanesy duotinaigd oxgic
et Y Lo SBRSIK] BN il HOTBEOERAhplch bf LodtPlOES BB ARBAL | uor oet T

trifluoro I"uor opropy uor opr o , Isopropyl,
hexaf louoriedisdn boupyte ndtiinfileddo ohsspsopenir Schané I betasbuTlydse silicon

ent af | uor oput.yl , 20nonaf | uorobutvyl,,  trifl uoraophenyl., .

Pl F1 uorEREIve FrEoParTons sRore sl ot HERRE essriasg py Teff

(trif :c :Jore@.rm? Mkérﬂ%{bﬂ,? Fgmctmbcr‘rwy, $90 Elfih? lbumpoummmrmwa @), uor oet hoxy,
ent af | uor oet ho rifluaropropoxy nt af | uor opr opoxy,

Eept af | ud:r%‘"pqrug’p@i?f ”%S{r&lsltﬂ%%Bﬂg%%%Bﬁggﬁm‘ﬂept af Puo?oi Zopr opoxy,

trifluorobutoxy, pentafluorobutoxy, nonafl uorobutoxy, pentafl uorophenoxy,



25(trifluoronethyl)tetrafl uorophenoxy, undecafl uorocycl ohexyl oxy,
(trifluoronethyl)decafl uorocycl ohexyl oxy, dinmethylsiloxy (in the case of

| i near siloxanes), trinethylsiloxy, trinmethyldisiloxy, pentanethyldisiloxy,
di et hyl sil oxy, WD 2010/ 005937PCT/ US2009/ 049765 29 tri et hyl sil oxy,

tri et hyl diSQRERPISIBENt aet hyl di si |l oxy, di net hoxysi | oxy, PEFURONGRSI | oxy,

t ri met hoxydi sil oxy, pentamet hoxydi si I28xy, diethoxysiloxy, triethoxysiloxy,
triethoxydisil oxy, pentaethoxydisiloxy, rl2-trimethyltrisiloxy (in the case
of cyclic siloxanes, such as tetranethylcyclotetrasil oxane) and r12-
Shexanethyltrisiloxy (in the case o E% ' siloxanes, such as

oct anet hyl cycl otetrasi |l oxane). Prefer nples of Rl through R13 include
H, F, methyl, gret hogy, eth ethaxy angy silo Forgformul @it 1), H,

nmet hyl , ethoxy‘and/substltﬁged/§¢ﬁ dXy aq%\ngsptbﬁeferﬁgu 16r RT t hrough R13
for use in senicghductor appl$hat|ons 10 0063]Exanples bf silicon
containing co uﬁds sui t abl %pr this di .qure |nclu‘%,,but are not
linited to, si I et hyHsCl an€H;di mtag si DEie;,  t HofEk hy O ane,

t et ramet hyl si | EthyIS|hane gp§thquglaneoc@rleHM¥IS|I (0] O
tetraethylsilan /ﬁropyI5|Iéne//dlpropyl§kjaﬁe trlproﬁyg | ane,
tetrapropylsila L 15|sopropy$$|lane diis bropyIS|Ian

triisopropylsil#neé, tetrais ng | sil ane, bq;yIS|Iaqf b%ﬁy si | ane,
i&ik,

tributylsilane, te{Fr abut y L1 an€¥s et HCO bxys

di met hyl di met hoxysi | angg iy et hyy get ho fe, tho ne,

t et ranmet hoxysi | ané, pét hyl met hoxy§fﬂa n,e/)ty(?rgtkﬁ I di n’et xy,s’ 3(2(?}%?{

met hyl tri et hoxysil g¥e, dinmethyl dieth yS|Iane t ri met hyf met hoxysi | ane,

20t et r aet hoxysi |l a Jfﬁgglethoxy5|l ng, methyl dietho g;lane

met hyl pr opo 0Q6e, Hhy| diaﬁﬂi?ﬁxys@ﬂ@ﬁ’éis t HyGOOEy | pilGPOLYsi | ane,
tetrapropoxysil ape, MECOWAR; | SOALOPOXY IHOUE, dqﬂgkhyldltﬁﬂﬂtppoxy5|Iane
trinethylisopropoky ane, tetrai soptg oxyS|Iane met'R bdllsopropoxy3|lane
nethylphenylsilane nethyldlphenyl;%E%ne met hyl tri phepyl si | ane,

25di et hyl di phenyi®i E tri | si ] ane %
nethy|(nethﬁ&ﬁ%‘% |)§P§M

P Fhen¥s§e0Gne COOCK;

met hyltri( ylghmpylygﬁﬁqmq3 met byl phenoxysic@gneg,aret hyl |phenoxy3|lane
dinethyldlgﬁ%ﬁQg si | ane| %y{( yIphJ!m'@aQ!t gﬁlaﬁ Hycﬁ
met hyl di (et hyl enotéxﬁllanegh i met hyl di (e yIphe@9xy)5|Q§
met hyl (cyclpeXyl )s| \\gpﬁ%tﬁy j,(cygh phexyMgitanes \\CT
nethyltrl(cyklohexyl)3| di et Qldl(éyclohexyl)s }ane 3
trimethyl (cycl ohexyl) si a e
CH3 CF3
H\ | F3C\ I
Si—oO H Si—0Q F
NS / o
(i) TWCH3 (|) S'i———(:[r3
NS Z S
H O—5i F,C 0—Si
N [ Ner
cHy' CF; °
[0062] Suitable examples of silicon containing compounds of the present

disclosure can also be those described by Formula (i)



WO 2010/ 005937PCT/ US2009/ 049765 30 net hyl (et hyl cycl ohexyl ) si | ane,

nmet hyl di (net hyl cycl ohexyl ) silane, nethyltri (methyl cycl ohexyl)sil ane,

di et hyl di (et hyl cycl ohexyl ) sil ane, trinmethyl (methyl cycl ohexyl)sil ane,
met hyl (cycl ohexyl oxy) si | ane, nethyl di (cycl ohexyl oxy) si | ane,

met hyl (tr WOIYNERY| oxy) si | ane, 5di met hyl di (cycl ohexyF&X{30pAa#HEs

nmet hyl ( met hyl cycl ohexyl oxy) si | ane, d@thyldl(nethylcyclohexyloxy)5|Iane
met hyl tri (met hyl cycl ohexyl oxy) si | ane,

di met hyl di (net hyl cycl ohexyl oxy)silane, silicon tetrafluoride,
fluorotrinethylsilane, nethyl ﬁls(trlfIQQnDnethoxy)5|Iane
trlfluoronethyltrls(trlfluord%ékggxy) ane, fluorotriethoxysilane,
triacetoxysilane, methoxytriaceto ilane, 10vinyltriacetoxysilane,

vi nyl met hyl di acet oxysi | ane, trineé%ylsiIyI(trinethylsilyl)propynoate
trimethylsilyl(trimethylsiloxy)acgt&e, trinethylsilyltrifluoroacetate,
tris(trifluoronethylsilyl)triflu ar bt at e, tri et hyl acet oxysi |l ane,
trl(trlfluoroacetoxy)5|Iane Ry?trl(trlfuwproacetoxy)siIane,

nmet hoxytri (trifl oaget o ane, tetra fl t | ane,

15t et ?qa/ta 5:8@%'?%% R SWQ?(‘I % 8%%?8?&@9&?@8”8%2@33?@%% "Heet oxysi I | ane,
phenyl di nraééuommcez %bﬁddoﬂ@@aﬂ@h@}}@@@%ammiddlam hyl-sj ligew alkdoxd, 1,

pent anet h - acet ox%lgl si | ox

met hyl tri Wﬁj}'ﬁl@da @%Wt&i wiisetwRipsi alkewy, CrlesyPeititedaysig dtYlane,

met hagr ylopxwokd, r@}-bf/hﬁédb%ﬂt%pte&&ﬂbta'{ gﬁ@ﬁ‘ét%&ﬁﬁ shiBdtRuted or unsubstituted
di net hyl di acet oxysi [ ane, di-t-butox acet ox

di benzy| GXYdr 64 PHRYY, s%éfut%%if%qqnﬁ%wﬁy I3§g$tﬁ‘€9ﬁil Rl or fully
bi s(tri ”‘?ﬁjBW\;ﬁtb{ﬂd )EARegH gamgldbg@g%arér%td%:@C@ybgwéétmémw | ane,

acet oxytri net | ane, ace nmet hyl di met hyl acet oxysi | ane
triethyl (ptarﬁiemy@omdiad@pﬁa&pé iGrepedinegh etrpky, rGa(@zr brfangl@ed)alb@xm@a)%a | ane,

phenyl di (1 %{3‘{%‘%5 %{@k%#ﬁ@{ﬂi&e}if%&ys@@ﬁgé Ca-Cg substituted cyclic alkyl or

(pent af | uor
phenyledi ratitdxy| Ci-Cis Uhadvatibged oxglicsilkyhpeatkoxy, partially or fully fluorinated

25phenyl (trifl uaroacet ox) i.net I , . .
E e B S EBAE AT P LT @RS parity o oy fuornaed
phenyl acestubxmnrad(mlrdoﬁlmoramnm bybét'&iném,rrmnl,, dariial®, chuiepﬂLm(rmeiddl uor omet hyl ) - 3-

e Oy AP o e 1 FSLSTEUNLY ARSI QXA BELRH F Aspipyys! | ane

(trif Luor(npmdude) btm]fe:nwmrteﬁ hlftow)ﬁilcmehemyls b]{cl’ilﬁyl]@mpy! h:s? propyl, iso- |
g??ﬁp?f S ﬁ 55%&0@%&%} p\éﬁé/?lcycioﬁex %éthygzgcr:lgreaéxyx r?wt“ acet oxysi | ane,
' (nonafét yOpsoZ)@say QXY-HFEpREE NS/, Ipﬂ@@oxy, W@ﬂ%@é@n@%%ﬁ%@@?ﬁow 049765

|

31 di benzyl oxyd | uor oacet oxy)sil a
acryl oxth?Q‘V’ﬁW@WMtWW@N% mﬁwpet%y't PeRtEfleergetyhet hyl ) si | ane,

acet oxy( ttfdera&bg?Ebémbﬁ@HrHsﬂom(/ﬂ REGLAYNDbIRNE »tsoﬁ‘cfdyfl | uoromet hyl ) si | ane,

di (trifluoroneth I ane trifluoronethy
tetra(tr |VTGIXI&FQ3’ﬁ’§Oh4¥DD)/5$ triﬂaﬁ@lsqntrrpmnybdmfb@trqamtylsanrsta%uorobutyi

Lt RSN V0Pt L ELUBLESIN IS ey,
undecaﬂuorocyclohexyl (tr:ﬂuoromethyl)decaﬂuorocyclohexy!, triffuoromethoxy,
trifluoroethoxy, pentafluoroethoxy, trifluoropropoxy, pentafiuoropropoxy,
heptafluoropropoxy, hexafluoroisopropoxy, heptafluoroisopropoxy,
trifluorobutoxy, pentafluorobutoxy, nonafluorobutoxy, pentafluorophenoxy,

25 (trifluoromethyltetrafluorophenoxy, undecafluorocyclohexyloxy,
(trifluoromethyl)decafluorocyclohexyloxy, dimethylisiloxy (in the case of linear

siloxanes), trimethylsiloxy, trimethyldisiloxy, pentamethyldisiloxy, diethylsiloxy,



di (trifluoropropyl)silane, tri(trifluoropropyl)silane,
tetra(trifluoropropyl)silane, (hexafluoroisopropyl)silane,

di (hexaf | uoroi sopropyl)silane, tri (hexafl uoroi sopropyl)silane,
tetra(hexaf |l uoroi sopropyl)silane, (trifluorobutypsilane,

di (triflud¥eBUePIRPEi | ane, trl(trlfluorobutyl)5|Iane PCT/US2009/049765
10tetra(trifl uorobutyl)silane, (trlflﬂoronethyptrlnethoxy5|lane

di (trifluoronethyl)di nethoxysilane, tri(trifluoronethyQrethoxysil ane,
tetra(trifluoronethoxy)silane, (trifluoronethyl)methoxysilane,

(trifl uoreeetyiybxditnEhnariscty, @a@tae(riym;éllouprmmtﬁmwltdx?/et hoxysf | ane,
di (trifluoronethyl)diet hox¢\;5| | ane trifluoronmet hé nmet hoxysi | ane,

15t et ra(tqutm% PolyanPryisioxy. rqeﬁ‘F%‘?fBﬁﬁ%‘%} PEYHEKYRKYSHRYY.
(triflur Oﬂ?@ﬂb\%mx tﬂaemyé@f&&iy &éﬁthéﬁwH Ey#l,zltﬂmw&y&sdxg% the
di (trifluorone rifl

di pr opoxysi I ane, tr| onet hyl ) pr opoxysi | ane,
tetra(tri ¢aaﬂar(dmyolpns<zgv)<am¢ar$eph es Ketf&m@hﬂmiﬁptr}asmxasemmbrp ysi | ane,

dl(trlfluoronetEu1 ?qlls QpPOX s% an

tri (trl 71 OoRORE RIS P ent bRoarE sRaC JBraRG5aBYh 7% wor of sopr opoxy) si | ane,

g tri ]1: : uor egteinayHyh ycmﬁmraslnoml )] I aneferréd Fkéhﬁpmw‘ﬁmn)mgelﬂw md:I}J@eIEf
trifluoronet enyl si trifluo Si

di (trifl ungBﬁE‘M\ ?’ﬁhéﬁw e"§ dtr?’ oKy FPT”E 'H;R'j 'oH th% €iNOXHe,

(trifluor Qfﬁ@&.thbfsltl):.(tg@tsm Fﬁ”ﬁ@rrhydsl ?référﬁl@d for R through R" for use in

(trifluoromnethyl)di(net hyI phenyl ) si | ane,

(trifl uor SRBICAYIYGR, IRAYERNASheny! ) si | ane, 25(trifl uor onet hyl ) phenoxysi | ane,
(triflgoronethyl)di phenoxysilane, di(trifluoronethyl)diphenoxysilane,
(trifluoronethyl )(rret hyl phenoxy) si | ane,

(trifluor968hy! ) difpmeinies phlicexyoestainiRg compounds suitable for this

di (trifl “8’158?%&@%&1%(% R BYd R t{gﬁi‘?fﬂf@él)t?t I"I ?@ meth%snlﬁy?,)ddmith Isilane,

(trifluorone cycl'ohexypsfl ane I"Uor o cl ohexyl ) si | ane,
(trifl uorvimsthylsilane; {edypoiadtimdsilanes ethaisdane, diethylsilane, triethyisilane,

30di (trif e%%@ﬂﬁ@p{% )&b@ﬁé’a 'n%&‘?? M;!Eﬁé‘etnpropylsﬂane tetrapropylsilane,

tri(trifluor
(trifhuor Baemdwyls)iémmtdnyd)mypyleimytr):mnrwwsllanwOe%mpmaﬁém / US2009/ 049765

R T IR AT ————

di (trifl uo;mmimwexmwmm Itrdryeﬂwiln&)wd)))ysndum)erfmethoxysﬂane

E['“(]E |r LLL%&%% h%%%’mtﬁgeﬁ@ﬁ C %gc%zéw)g me?i*ny‘?dzmethoxysﬁane

S(trifl uommthyﬂhbdys(n@psél @h@ﬂyﬂmwbsyénane trimethylmethoxysilane,

trifl t cl oh
((j| E![ r ,2f;lrJ FL{%&% g/@igaﬂfg( %Vm%ﬁé&wwﬁ ane gwglethoxysﬁane
(trifluor @a@@iﬁﬂﬁ#b?&%ﬂﬁ% Qﬁ’rﬁéﬁb%b@é&%%rﬁ@'i@methymropoxysﬂane

(trifluoronethyl)di(net hy cl ohexyl oxy) si | ane

(trifl uor&%‘é@FﬂP&%Wtﬂﬁﬁt et E‘HS@W@??P%?@W‘@! cﬂ!g}@@ﬂyidnsopropoxys:iane
10di (trifipodt W%BBBHprY&E@ﬁE "%élr@%%b%%&%@:@%é?:%b t@&ﬁ%sopropoxysuiane

tri(trifluoronethox | ane trifluoromet hoxy)sil ane,
di net hyl dﬂ\etwlﬁhmwﬁdm W@&tvyfginhanésﬂawa mathyliriphenylsilageo met hoxy) si | ane,

thyl(t I m
xt hi%%rr%lﬂ#wl{% @?%g@%gﬁfﬁ%ﬂﬁﬁ |§|‘ grﬁémﬁﬁﬁﬁh roe hox?) 5i | ane,
trimet hyl mthﬂdlmtbydphhiw&y)lamé aﬂ@hyllrﬂmwi(&r‘ryi )Eilaner oet hoxy) si | ane,

t hyl di I
g?rre%/hy: f:ltltnr %kwl% UGFH %‘%ﬁ%@%@rﬁ?ahn%%&%a%{’%H ? lg?ﬁ%@%pr%{goi;)em | ane,
met hyl tri (rllemwmaﬁkwlptnatmpuy)fmeﬁ@')meﬂhwn&methylphenoxy)sﬂane

SR e A -

met hy kgl (h\@wﬁdn@bt@hsmysemyﬁ@thylacneycimwml(a@ent afl uor ophenyl )si | ane,

2oret y! 0l pent SPRENY 4 aNE: RN b Bk ARty ) o1 1 ane



di et hyl (pent af | uor ophenyl ) sil ane, trinethyl (pentafl uorophenyl)sil ane,
methyl [ (trifl uoronethyl)phenylisilane,

met hyl di [ (trifluoromethyl)phenyl]silane,
methyltri[(trifluoronethyl)phenyl]silane, methyl (pentaf]| uorophenoxy)silane,
met hyI di (& A %IBY ophenoxy) si | ane, di met hyl di (pent af IFGdAGPHEABNSD si | ane,
25met hyl [ (trifl uoronet hyl) phenoxy] si 1 ane,

met hyl di [ (trifluoromet hyl)phenoxy]sil ane,

di nrethyl di Rtrifl uoromnet hyl)phenoxyl sil ane,
met hyl ( umdangi(mmlymwtehmysydar)a Irrhah\ﬁd[ (methylcyclohexyl)sitane,

x% Eg: ? Ir I(rlgj gﬁ Og&%@%rgﬁggg}% chmpgwgil(methylcyclohexyl)sﬂane
di net hyl d#;&éﬂ@ﬂﬁ@iﬁﬁ@fc@ﬁﬁéﬁ%imﬁﬁé’ | héthlRE\RIohexyloxy)silane,

bt hyl F{lm#tﬂ?iﬁ@?@fé{q?fyﬁ?w&m@a@nylgmm@exyaostnane

30met hyl g6t ldfx(lc%?é cﬁ{/ s)lﬁb(é;|rﬁ@tﬁ%ﬁlﬁ(ﬁnbﬁiylc@f}l%hexyioxy)s|Iane

methyltriRtri Iuororre h cycl ohex
2010/ OOSMPWI(WESBMQWQWW s;t;ane methyitn(methylcyctohexyloxy)s:Eane

'?Ir :ﬁé?%;%ﬁy gé(ﬁgﬁ%&qﬁbw&@pﬁwgw Hh?%rﬁ] gé?reaﬂuonde, fluorotrimethylsilane,

met hyf | unﬂ@tba}trismnuﬁo@rybmeﬂhrewyslsiemty)tgﬂtluanmethy’ltris(triﬂuoromethoxy)siiane,

met hyl di ; i | _

Bt byt R AE RRHR B R0 P fPGacetoxysitane,

di met hy| diifytridestagysi ol blame,

met hyl [ (4 r".“?“" orr)tat R ’f’oﬁ”é’id'?‘fmi’ff‘?ﬁe o

ot byl o AT RISRE Y By P SRAe iy R gamethyisiionyJacetate,

ggéhyl t thﬁ?étﬁytsugltmmtdacb)w QhﬂhﬁmﬁhﬂﬁmhﬁiBlI}&m@‘luoroacr?tate t h disi]
1 net ri u Cl ohex exane i Si oxane,

St et iy eP BB ne UG RS R R Stony)sians,

trimet hy|r¥1éthék3hﬁ€fr@fﬂ%méﬂe@6@? ihé r@irﬁaﬁaﬂddrééde%@'j@lane

trimet hyl c%/cl otrisil oxane et ranet hyl cycl ot etrasi | oxane,
pent aifet H§IrR3RESYEIANEs Phé&ﬁﬁﬁ'écetpél’ﬁ‘”ééﬁ HRhesyiirpeey P&@W‘b’é&'&ﬂ@

pent aet hydieyg H?E’&HB%CE@&%%eéww%lfw&h%ﬂér@ hoxARg,

oct anet hyl cycl ot etrasi | oxane nt asi | oxane,
vi nyl net mﬁnéﬁr@@thblxiifgwtamedwiommmﬁwlénm eetlriacetoxysilane,

hexa(t ) 1Ty SREEIOA G, Bt W‘»f*uor SRS toRslong, e,

tris(tri fdimetfrylmcmt:bx)ysﬁam Hewamtexydm@@tmsﬂanmdnbﬁrmey!nwc)iwmsﬁarm | oxane,

o T A LT G RN PR By epedar e e ot

[ 0064] Pr edceyloedrirezhnisliase, aie®ixyiricamthydsitana) ni ng conpounds in Formula (111)
acetoxymethyldimethylacetoxysilane, triethyl(trifluoroacetoxy)silane,
phenyltri{trifiucroacetoxy)sitane, phenyldi(triftuoromethyl)acetoxysilane,
(pentafluorophenyl)dimethylacetoxysilane, phenyldimethyl(trifluoroacetoxy)silane,

25 phenyl(trifluoroacetoxy)trimethylsilane, (trifluorophenyl}acetoxytrimethylisilane,
phenylacetoxytri(triluoromethyl)silane 1,1,1,3,3-penta(trifluoromethyl)-3-
acetoxydisiloxane, (trifiuoromethyl)triacetoxysilaneethyltriacetoxysilane,
(trifftuoromethyl)triacetoxysitane,

(triftuoromethyl)(trifluoromethoxy)diacetoxysilane,
30 methacryloxytri(trifluoromethyl)silane, {trifluoroethyijtriacetoxysilane,

di(trifluoromethyl)diacetoxysilane, di-(nonafluoro-t-butoxy)diacetoxysilane,



include trinethylcyclotrisiloxane, triethylcyclotrisiloxane,

25t et ranet hyl cycl ot etrasi | oxane, tetraethylcycl otetrasil oxane,

pent anet hyl cycl opent asi | oxane, pentaet hyl cycl opent asi | oxane,

oct anet hyl cycl ot etrasi | oxane, methyltriethoxysil ane,

vi nyl net hyWEi B8Ry si | ane, vi nyl et hyl di et hoxysi | ane, PCT/US2009/049765
trimethylsilylacetylene, bis(trinmethyl'silyl)acetyl ene,

met hyl di met hoxysi | ane and net hyl di et hoxsi | ane.
Tetranet hyl cycl ot etrasi | oxane, 30net hyl di et hoxysi | ane,

di met hyl didIﬂﬁhbﬁl%yﬁjl(krﬁlﬂx@r@@étdxlyisnﬁil@)d(ﬁ)j!lb)yﬂtﬁ{(ﬁﬁhmkﬂﬁ@:hﬁﬂ)sﬁlaﬁéﬁt preferred for
use in the sem conductor indust 010/ 005@%@@ U82009/ 49765 34

[0065] | n ACePpyEeniramety]) S'@Sogcﬁgﬁﬂg%ﬁp@ﬁmﬁp BEEIPYRF S | east two
br ecur Sor gingdeieii) @szaﬁ@var@iﬂumﬁiﬁEwn@hhﬁhﬂdda@n@mw@%ts can be

conbi ned. process is shown in . For exanple one
precur sor te(t@(&glﬂuorarr@mlls&arw Keiagroed v s gitrddomaegivalasnt ai ner (1),

throug%ﬁﬁﬁh@@%uﬂ@%ﬂ&ﬁ {et d(maﬂﬁ%)nynts@ar?e \’tﬁ‘ﬂ@cﬁrbé pg%@ (3) housed in

the fi position too recursor can nsported fromthe
cont ai ner d{{trfluelepcnyhsiane, tfélfifltf@ﬁopf@mah)é”f\"@ teten( trﬁeommnw zéﬁﬂeneans (3) by a

vaH :meﬂ%@ﬂ&ém%ﬁ%}wg e, Q@I' ?Egrldr’r%ggk Irsﬁ’ nepressurl zation of the

co punmpi ng mechani sm gravity
feed, or Uc(hbxaﬂa:brmrmbw)sé@ie tatrfdhaxm‘b@miabmogﬁMem. (e.g., asilicon

cont ai ni ng . - . fr . tai ner (12), through
chem cal g&‘ﬁ@%?%ﬁ%iﬁgé c?@’sgﬂ&&%ﬁgﬂvfgggmr%@Sﬁ@éﬁ@ﬁﬁaﬁ% housed in the film
deposiiti orettaétbilfluérbbmtyi)ﬁ“:h‘wesftc:mm:ﬁomeﬁqlu)ltmethoaysalbeet ransported fromthe

cont ai ner t hr qugh,. th deI iver to the or| zer neans (14)
by a vari Q@%Q‘Pror%ej‘ﬂ’g{&' Iomfﬁ”ﬁae %ﬁ['h F’Weﬁm)ﬂ?&h?’%’s Sessurization of 5
the cont atm@r(trmubﬂ@rrmmwntangamﬂuw@n@ﬁwyam@mdx@@la@@l punpi ng nechani sm
gravity f i ons t he event that the second

precur sor ?t( g“‘ﬁomeéhyé}d}r{‘]%hﬂx%ﬁ?%l(H%HB"QY{B?FB&'%EWOF%SNQ Bas at room

t enper at UgRtrifQbrorteth B RIEthes/sBERS ttamii@drdMethyhidethdxysikme20 energy to be
vaporized as it is introduced into the chem cal vapor process line (5), a

second3vafﬁiﬁ(E@Porﬁﬁg}%YFﬂa')e dEjupmetbyiaibervsiane.val ve, check val ve,
baffl e, tfﬁ%h%ﬁ%ﬁ@ﬁ@&%ﬁaﬁ (t$,|ﬂgb,loﬁ{etﬁg@)ﬁr5§o,n§@ﬂe to infuse gas into a

tube or chamber wthout a neans to enabl’e vapor| zation. 25[0067]1t is
i mpor t ant di(biflHetoenathdidiprapeneiane.te(tifborempinyipoPryxadane. | east one

I 5 t i
250 possi DA fulcplomby RAIRE, (A B heR o AR BERE =TS, | rectly to ¢ he
deposi ti ods(ttﬁam@meﬂ(m)quswpp@xwﬁlaaye dofinfesromgthyhisopropewsyslaaedi t i onal
Y R0t g ot 1dTER R Loty RERE (@l SR AREERobkshe) O directly to

t he dep05|
(triﬂuoromethyi)phenylsuane (triffuoromethyl}diphenylsilane,

(trifluoromethyljtriphenyisilane, diltrifiuoromethyl)diphenyisilane,
tri(trifluoromethyl}phenyisilane, (trifiucromethyl){methyiphenyl)silane,
(trifluoromethyl)di(methylphenyl)silane, (trifiuoromethyl)triimethylphenyl)silane,

25 (trifluoromethyl)phenoxysilane, (trifluoromethyl)diphenoxysilane,
di{trifluoromethyi)diphenoxysilane, (trifftuoromethyl}{methylphenoxy)silane,
(trifluoromethyi)di(methylphenoxy)silane,
di{trifluoromethyhdi(methylphenoxy)silane, (trifluoromethylXcyclohexyl)silane,
{trifluoromethyl)di{cyclohexyl)silane, (trifluoromethyhitri{cyclohexyl)silane,

30 di{trifluoromethyl)di(cyclohexyt)silane, tri(frifluoromethyl){cyclohexyl)silane,
(trifluoromethyl){methylcyclohexyhsitane,



30Additionally, a gas delivery line (8) may optionally be connected
directly to the deposition chanber (4). In the event that no vaporizer
means (3, 14) or gas WD 2010/ 005937PCT/ US2009/ 049765 35 delivery |lines (8)
are connected to a chem cal vapor process line (5), the chem cal vapor
process | WMe2%BEMSMEs a feature that is optionally at t RSP/ 04HES
deposi ti on chanber (4). [0068]1deal | ¥ separate chenical delivery lines and
vapori zer neans are used for each precursor. However, it is possible for
two precursors to be vaporized using a single vaporizer means when the two

precur sor(&lﬂab@métﬁm@@hétﬁyi@yumﬁixybé@neV\hen using a single vaporizer neans
(3), both precursors i ned or separately dispensed through a portion

of the 10EREMQERGINYT %PVCY?IW@"(&@@PF‘% the vaporizer means (3). Wen the

two pr eclﬂ"@,qr@r&ﬁ@th?%t}hgﬁgmp&bﬁéxﬁ jQilaFpor i zation, as shown in Fig. 2, the
process si involves théitr combination in the chem cal delivery line

(15), f o|tn@mrwewwﬁetﬁﬂw%h@wi)@iw@et (elysremaiybioycionexiexwsiigoei zer neans
3 \lhe singl e

Vapor | pen G nIGENE G B B fer AR AR o A AR B ERIOHIIERe? . 0P

si npl y i miglifiverdhetiyigdi(ayahprdexy)sinet hr ough t he chemical delivery line

(15) to t Wms& I% d by flow of a second precursor

t hr ough tﬂﬁlu}ﬁ éthgﬁh(fel er %}(}/Iggy) ﬁi "to the vaporizer nmeans (3) wthout
repetiti qmﬂuétcmwthmd;(vmmyicy(tMaxyMy siieneg need to fl ow one precursor, flow
t he seco recur steps until the 20 desired Iayer i's
f or med. %H@B ?O&ee@g tng%%lﬂylgy% Gf’ﬁy xéﬁ%ﬁ% 'Went on the film properties
desirgd. di(nnftdmeorﬁmaplt)d1trhemwymp¢wh@@ﬁ)xv/mgne Zﬁnrnﬂme(ha)( ysharissed, the second
vapori zer

ns i S, not eed I n esof flow ng two
di f f er ent™ HV&'HP ”?‘?{P@E)@ﬁ' aggptg*p‘éﬁﬂ&y?%ge ‘E‘& qxiy)ﬁign%nd vapori zer neans,
a sui tab'tﬁm@&%#ﬁl@@forﬁétﬁ@kg})ﬁt&ﬁef @fetm&mu@frﬁ@tﬁbﬁﬂénéi@n range from about 0.01
to about 10 ni/m nute vapori zer (3 serves as a neans to

convert I’F%H]V‘Q'(BF'EEWFO’E%S'@”?&WSF“YW(trﬂﬁL?foeté%}’ $"ta“§an use various
techni qU%meﬁ&ﬁﬁt%oﬁ%ﬁoxy‘)‘éa@heWlﬁ%@ﬁ%(ﬁ'lfﬂé%mé’ﬂhog}ﬁﬁne@ans to acconplish

this task. Alternatively he vapori Zer neans (3,'14) may 30consist of a
cont al’Snerm@tﬁ‘mﬁ(t”ﬂ@ﬂ’r@@thﬁvallm”éﬁt yidigriflenroehpnyigianghi ch an inert gas is

and () Ve DB I0 R EOhAE RS Bt D gR e ooy, | AUl To & vaper,

trimethyi(trifluoropropoxy)silane, methyltri(hexafluoroisopropoxy)silane,
dimethyldi(hexafluoroisopropoxy)silane, trimethyl(hexafluoroisopropoxy)silane,
methyldi(hexafluoroisopropoxy)silane, methyl{pentafluorophenyl)silane,

20  methyldi{pentaphenyl)silane, methyltri(pentaphenyl)silane,
dimethyi{pentafluorophenyl)sitane, trimethyl{pentaflucrophenylisilane,
methyl[(trifluoromethyl)phenyilsilane, methyidi{(triftuoromethyl)phenvyi]silane,
methyltrif(triftuoromethyl)phenyl]silane, methyl(pentafluorophenoxy)silane,
methyldi(pentafluorophenoxy)sitane, dimethyldi(pentafluorophenoxy)silane,

25 methyl[(trifluoromethyl)phenoxy]silane, methyldi[(tfrifiuoromethyl)phenoxy]silane,
dimethyldi{(trifluoromethyl)phenoxylsilane, methyl{(undecafluorocyclohexyt)silane,
methyldi{undecafluorocyclohexyl)silane, methyltrilundecafluorocyclohexyl)silane,
dimethyidi(undecafluorocyclohexyl)silane, trimethyl{undecacyclohexyl)silane,
methyl[(trifluoromethyljcyclohexyl]silane,

30  methyldi[(trifluoromethyl)cyclohexyllsilane,
methyltri[{trifluoromethyljcyclohexylisilane,



transport the precursor vapor into the chem cal vapor process line (5).
Regardl ess of the vaporizer neans (3, 14) design, the conversion of the
precursor fromliquid to gaseous state may take place either in the
vaporizer neans (3, 14) or in the chem cal vapor process line (5). The
precursor YO 2PWWB¥Eed in the formof a vapor or m st i RCHUSHEYENEF cal
vapor process line (5) that is comonfy heated between about 30 C and about
120 Cto prevent the precursor vapor from condensing inside the line (5).

M xi ng of the precursor conponents can take place in the chem cal vapor

process | Um,eet(lﬁbj;{(trﬁruomm@thm@cmbxy[mgﬁé ons within the deposition chanber
(4), dependin orizer io neans (3, 14) are located with

er
r espect tg‘%ﬁgylgﬁﬁlﬂﬁ@metﬁﬂ@% gﬁﬂdﬁf'a%por process line (5) is connected to
the deposrﬁétmuﬁaaémﬁbrdc%oh@m@&@ $iRGef 1 | m deposition tool (11), and

substrate (6) housed wi t he deposition chanber (4). The deposition
chamber (H)Et%yr‘féj L@Iﬁ’éﬁ@f&&m%@bﬁlﬁxﬁ%ﬁéwa ne (5) may be operated at anbient

pressuce flet itn Jr@%cé c{rée Cp%“t&’j%‘%y Silées0 common to operate 15 bel ow

at nospheric sure torr to about 700 torr, to enhance
vapor i zat ﬁm\etbvldMwe;@ﬁ@twnsm@%m@xybllmp keep the precursors in the vapor

phase. 79%,}}![Lt”ﬁ‘%%"%t‘ﬂ@cgﬂgﬁé@a?q‘?fgs'lg (?t hose skilled in the art that the

20 connec process line (5) and the
deposi t i omgimaddigsducioardiey joydphemnioxdsianer om deposition tool to deposition

tool, de i e ir nts far the process. For exanple, designs
may i ncl 5%23%\@8[(%%&5&&%&1? @ge’fﬂ%y %I{EPSCt ltohe m Xxi ng, heat rﬁg cool i gg

ﬁr di szi:»lr3 i ﬁm}aetﬁyldugtnf@amewvymdycmhbhﬁosmsatee;m h@k@ﬁ@thm}s#b%elde an appar ?t us
avin a es t zone to heat ases a coolin
zone tg o cBEPTE ité’gl'O&‘GEﬁa%‘é@'%ﬁ%r%m?wtﬁ'ﬁm%“@&ﬁww FiSreta6n, or a )

shovverhead;etr@ztdn@twyzthsnmeg@smae@wyctdm%n@uérﬂ@ce of a wafer. Designs may,
for exanple, route chem cal vapors fromthe chemnm cal vapor process line (5)

t hr ough at%@mqt@ﬂcﬁl%?ﬁﬁ@s"gﬁ% é{eﬁéam@HYES%?P%‘t%@?‘@@Pvzone and through a
shower heaﬁbtr@éﬂﬂﬂfo‘%ﬁo@re&ﬁéﬁaﬁeﬂb@nt@@ﬁﬁrﬁgclbﬁeﬁﬂé@tlcﬁéé%t rate (6) in 30the

deposi ti on chanber he conplexity of designs that are avail able
WO 2018/ ODW@FM©@WQMawthywyﬂﬁ’@tfﬁéﬂﬁﬁﬂ%nd their variability

based on 3@%%@;\4;@ s %xQﬁ@ energﬁj'&%%@n@re described only in

general terms hefe 0071 I'n" our exa the precursor vapors are
t r anspor t gAYy ddigte e sianentriaethvisidacelylesesdi(ttimathy(sgy)acstyiére, subst r at e

) o 2o efB BRI ARAIREENd BedrBoRi AR Alidane | P 0 Past the

vapori zer supplied froma source tank
(7) and ftrts\(v‘/sﬂtMTow%/i)trtayasatmaItms(mﬂyodaméhjl&yclbblsulhmmem cal vapor process

10, 006" Sclsmaty AR hcd e A Tocse G b Be PR BRER,r oot sor <

to help kemﬂmtnkterqsrtbemoéors in the vapor phase. The gas used nmay be inert,
such as nitrogen, heliumor argon, chosen sinply to act as a neans to
transport the precursor vapor to the substrate, or it may be a reactive

gas, SUCh{mtlpxygeﬂDrebe@ﬁiQexaa'meﬁsmdﬁintdoﬁuﬁmﬁgchﬁwpo@ﬁﬁé)ﬁﬂ:(ﬂmm dey carbon
nonoxi de, con tet rafl uorjde, hydrazine and the like to

15enhance’“@W&%Sgﬁy&yﬁlﬁ’trﬁ’m gt RESIONESr ecur sor vapors are
transpor t egrahieih e ckHBSidivkand, RtradtR@¥yclotetrasiloxane,

pentamethylcyclopentasiloxane, pentaethylcyclopentasiloxane,

octamethylcyclotetrasiloxane, methyliriethoxysilane, vinylmethyldimethoxysilane,

vinylmethyldiethoxysilane, trimethylsilylacetylene, bis(trimethylsilyl}acetylene,

methyldimethoxysilane and methyldiethoxsilane. Tetramethyicyclotetrasiloxane,
30 methyldiethoxysilane, dimethyldimethoxysilane and trimethylsilylacetylene are

most preferred for use in the semiconductor industry.



may be m xed with one or nore reactants, in addition to the transport gas,
to enhance its deposition onto the substrate. The reactants may be reactive
gases 20 as nentioned above, or they may be ot her chem cal precursors such
as am nes, aninoal cohols, alkanes, al kenes, alkynes, al cohols, esters,

ket ones, MUWHYWEST carboxylic acids. and the |ike. TheGBSEYENIE% e
carefully selected to enhance the deplosi ti on of precursor on the substrate,
and to nodify the chem cal identity and properties of the |ayer deposited
onto the substrate. These reactants can be 25introduced into the film
deposi ti googsjol (1) a hpicshchamisamnepos depokiddn pracesuegliviogtdt Gest iwo t he
process, depending on the desired effect. It i s nost convenient to
introducé’r%g'“iré%{'étfgﬁfe ?rﬁt%vﬁ?i”ﬁ%ﬂ q@b\gé‘cpit%%c?r%?n?qﬁ?arﬁ ©gaseous form so
it woul d dagbieReeSS@iha bRclay B sHdvaddiFignnainavappsd @@mpieame i n the case

where liquid reactants are used. An addjtional vapori $r rreagr;}z, or gas
del i ver y Ire¢ssa0(q;8e8 WHG £k BaRSHOEISE M 2C/A %‘ﬂffh WE¥QU9ar the poi nt

wher e st N&gafeAlBbINey indd (38, tb%)va@ﬁkér B8N < 3B HoGSed MaRe NP Heeesitor i ne (5),
upstream or downstream of WD 2010/ 005937PCT/ US2009/ 049765 38 the vapori zer

means, ditp@di 1)y Therreevrsaeedn bagapseasiad {ay thapenteinesdidimeszion the si des,
top, or ﬁi%{?’%‘é@éﬁ)ﬁg thé bﬁ'bc%z%?%ietahg%)cmgﬁet?gnl} mfdant NBailidihg) Sigposi ti on

tool (11). precursor vapors, ‘potent reactants, “and inert or
react i ve rphi@gedrty padssorizxifey ¢fdhe eonainer wiib adi ingrd ogs.usedfeo enhance

or eheat ednies Rl BImP R oneh B0 Ha Rhised B EARRD LR TP Wi"Th (e

subst rrat esecone pleancer (dg., depieentdootaiting thappurd)us Senspartedtfen substrate. A

pl asma may al so be used, t.0,add ener to.10 t.h cursor vapors and
enhance t%@a@z%f@fi“?l”&ﬁ%éAde?qqg’n%\elnﬁ¥alt vaigﬁ%wéﬁytgbae g ﬁ’l”ggrd on and of f
t o changenédres @appeudddas tied fitheestaiiosi tbeld 11 ). | The Jémnplmecmsgaserbeand pul se

duration are carefully selecte enhance .t he deposition of the precursors
on the sdb%gkspa?%?eﬁaw&x?&OPr@mng?i)ﬁ@o&ﬂgﬁﬁ‘%s{?"‘ﬁe&éﬁfﬁ f@ HeYPBRE i es of the
| layer deppsiied49pl @ vahetydibsddral Riclulig, BLBsdminTRY ta] sreshigizapet bed over a

15 range of frequenhcies, where the high and | ow frequency . pl asnma power may
r ange!st r dh¢ £801{en With and)eit §ps kiseRla Techanizal SUBDINGMECHASRY ¥EVikave a bi as

of bet weeRs@RRbndifidnalfttor 400 VDC to enhance naterial transport to the
substrate. The substrate may be heated from about 25C to about 500C to

ei ther cause thernmal breakdown of the precursor on the substrate, or may be

20 used t hance it | e @N : . Unreacted
mat er i al g?@ exhabiéhgcﬁl't% ﬁ?@ﬁgﬂ%ﬁ% re)Q %&Fﬁég@(%ﬁ&oﬁbﬂg@%@}hg el ement al
conposi t immmfuntihis & géset reooh tempsrathe, oF itneqrivssubpiestially Igdmomro adj ust ed by
t he choic t i1 Ng._skLLGan; LN o) , J 5al kene
erp! ofed. s B tARAEHY phTE ifRRLEd RO RRAE oI BYes e e
process. (BHGIrEcBut veporder nearshé4f inbnbeeppisced ona viahe, cgakivalvel,i | m may be

SHb et o S S o P oL B B RS K8 BB ot T Y
propert i egasnh vawolid 4 mesht enghdble dapdbreattionc constant and vari ous ot her
properties of the film These
25 {0067] it is important to note that, while it is desirable to have at least one
vaporizer means (3) attached to a chemical vapor process line (5), it is also
possible to connect at least one vaporizer means (3) directly fo the deposition
chamber (4), optionally connecting one or more additional vaporizer means (14)
to a chemical vapor process line (5) or directly to the deposition chamber (4).
30 Additionally, a gas delivery line (8) may optionally be connected directly to the
deposition chamber (4). In the event that no vaporizer means (3, 14) or gas



WO 20101005937PCT/ US2009/ 049765 39 curing steps may include a thermal
treatnent by the application of heat through one of various heating neans
such as hot plates, ovens, infrared | anps, or mcrowaves. Alternatively,
the curing may include a plasma treatnent, or a chemical treatnment of the
film Thes®OHVRE3t eps may take place in an inert SatPFBSISREPEINE. g. ,

nobl e gases), a reduci ng at nobsphere (% g., hydrogen or hydrocarbon), or an
oxi di zing atnosphere (e.g., oxygen, air, ozone, nitrous oxide, carbon

di oxi de) depending on the desired chenical change in the initial film Such

pr ocesses dafieri Nowa(d) ard barsRctdd tol £ehdrichiNgpdF brocd Efe[ 0076] A series
of tests were devised to con‘gare the propensity for sta i1ized and
unst abi | | $BEMBDERRA PSS {iBe PEFANED PUBRINre W@hiﬁd—?%‘f’f‘?'&f HADRLLP & esi due

under var U@H@S;%ﬁmg@-&)’tl ons. In these tests, sanples were prepared 15by
carefully distilling NBDE under nitrogen using si m | ar conditions. For

stabilized sanples, NBDE was distilled under nitrogen directly onto each

stabi | Lzefooehyt er t;la@ama%@b&%t SEHSnBEICRAY B inkB Bia WBDSTd MSARI4E] | Nt 0 250

gl ass bul b test cont’ai ners at Wwer e ontes val ve and
Schl enk | HAed KU HFCPrecHnsas. M%feneklsmgsabwe‘af tpprecesoinig ts nce it coul d

be T escal 5ot 2 EAURA Wbl ReSGU AR AEGILAKS oA the onl y et ed
ass or Qﬁ:.ggﬁg Fl? ?'Ia

parts were es were car ndl ed under
ni trogen cbemmﬂsenomealpﬂmuwwarmmarstngﬂe mrgesmah@t@r Bothhe experi nent.

Some sarrp re t ha Ies to renove
di ssol ved gﬁgd’rggperrg{?@gﬁgﬁj §§s%régg§(@8gé eth&%@g '%,/\Vﬂ%%/’ 1thfa'he anount of
ﬁxygego washeraroef diéilvyery |mer(ddmmeu&e2fépsmg reedmL(GAt WeheArne s prfcusiors Al |
eat ed sanpl es wer

y 8 { contrBIIed?rgerTBﬁg@ture oi |. bathfor a
speci fi c PEnfIACEFP H'%OWPQ?‘E’ 100 RS SRPPIHE REBHRIHBAY t he anmpunt of
nonvol at i Erﬁ/o!v@@|tNéTEC¢rﬁb|h§§¢rdlm&hé\/@ﬁeﬁhﬂiaeﬁ€ﬁv@%d!:zﬂ$ f@nb\@éeawr ative
t echni que t hat selgarat ed the volatile portjon and stabilizer) from

t he nonvol'8R911Z&8180 Pt NGHWEHEESHER SN F'E%Y%ﬂ%ﬁzer "ﬁ%@”%@pd@"&%q e 89 t echni que
si mul taneglﬂ&lusti‘é{éF@é@éa‘?QeN%éf‘%@dSﬁﬁr%%h'azs‘?r'iglé b@ﬁ&r&eph%b%ﬁ%éa”m e pan
inside a container fitted a nitrogen inlet and a vapor outlet.
15 sequence to dispense each precursor could simply involve flow of one precursor
through the chemical delivery line (15) to the vaporizer means (3) followed by
flow of a second precursor through the chemical delivery line (15) to the
vaporizer means (3) without repetition. Alternatively, there may be a need to flow
one precursor, flow the second precursor, and repeat these steps until the
20 desired layer is formed. The process used is wholly dependent on the film
properties desired. In the event that only one vaporizer means (3) is used, the

second vaporizer means (14) is not needed.

[0069] in a process of flowing two different precursors through separate
25 chemical lines and vaporizer means, a suitable precursor flow rate for each
precursor can range from about 0.01 to about 10 mL/minute. The vaporizer
means (3, 14) serves as a means to convert liquid precursor to a vapor or mist,
and it can use various techniques, such as heat, high pressure gas, or other
means (o accomplish this task. Alternatively, the vaporizer means (3, 14) may
30 consist of a container that holds a volume of liquid, through which an inert gas is
flowed as a means to {a) convert the precursor from a liquid to a vapor, and (b)



WO 2010/ 005937PCT/ US2009/ 049765 40 N trogen flow and heating at 80 C
facilitated the evaporation process, and residue was determ ned by the
difference in the weight of the sanple pan before and after the test. The
anount of residue was reported as parts per million (p lprrl) &)@ ht after
conpar i ng Mh¥1HHSB70f the nonvol atile portion to the tISHYSZHEOEHES 5 of the
sanple, and the detection limt was é‘pprom mately 0.5 ppm Lower residue
val ues after testing are an indication of greater stability. EXAMPLE 1
[0077] This test was chosen to denonstrate how NBDE perforns when i o exposed

to heat fteinspop@id e@cofsot vamor iite theohémratvapoe vrauest Yine BDE may be exposed
to el evated tenperatures up to 80 (géﬁ? hours or days t he product nust
e

denonst r AP EEPS PHNEYPE 14K S1GRNS HF&HQ%H“%WP}/%%EIP@Bndl tions.

[0078] AdCHréd:LQQ@rl frofm uhnhao §§§éonﬁﬁé18@' M8y @erlmudé @inet ndﬂh@%b@wé?f product
shelf 15 life. Accelerated aging tests corrrmn% assune that chem cal
n

react i ongNeIY @V\ﬂﬂ’}‘l@ W\rﬂﬂﬁhél?fﬁfﬁ%}a’r‘@&@f pEsepatiee findtediecusseids figged t hi s
states thagy, @@9@ Br bAkRS |dt5'%@é}$é?m%é§t Mgbgpﬁﬂ:r@é%nq@ thdlGg ease in

terrperature r a heating test at yS i
appr oxi nmmo@qnaatwm@wemb@tﬁ%m@ab@s1@0f°6rto®@%vama§r§ For the above

Cror 5 derdsor st SBRBR TR Pl R MR AERRERAS °L0G Sach
was test embnaiortemts ahirfthke fltamecmﬂmemﬂanat;ailorﬂport prodeseling (@¢, arfin differegtier f

cach et WiolEhS dEobghon Ramliri HerrBbipg B e 167 S BRheat i ng. The
Pg?elsgmelsrggagﬂs’&idlp@m!ié&mnet?dlflﬁhﬁmodeaeﬁo&@ﬁ&tﬁéarfﬁieecf@ntcélmaﬁgre t gialn 2 ppm
st i1 aearessieab i@ irebd B e B Ton sapTPaRd) Heetedife be. an

i ndi cat i afepebitibheodli(ff)l thkﬂ bé(bsﬂifat@ (53)|:§th&@th|th WdépbsNBBE:HambTehe absence
of a stabilizer. Once t basel i ne &f@s est abl i shed, r’rPI e 30 bul bs were
caref ul | W1 T’P%Heﬁ)‘ﬁ-"tﬂ%‘e‘:mé@ d |5ﬂd/aggbgr@&g%snyn WEHLEed as

descri beg, e?ﬁﬁ'ﬁ&s%éré"qbe 7*6@%@}1 bat it %%é e6midnh8psra@d then WO
201010059 7PCTI U820091049765 tested resi due concentration. The test

resul ts dredow ginesnnesd PressvEL |fr@nlalg@1lt(g,@1 torr to about 700 torr, to enhance
vaporization of the precursors and to help keep the precursors in the vapor

phase.

{0070] it should be understood by those skilled in the art that the

20 connection between the chemical vapor process line {5} and the deposition
process chamber (4) can vary from deposition too! to deposition tool, depending
on the requirements for the process. For example, designs may include various
apparatuses that affect the mixing, heating, cooling, or distribution of gases
within the system. These may include an apparatus having baffles to mix the

25  gases, a heated zone to heat gases, a cooling zone to cool gases, a chamber to
allow pressure equilibration, or a showerhead to distribute gases over the surface
of a wafer. Designs may, for example, route chemical vapors from the chemical
vapor process line (5) through a baffled mixing apparatus, through a heated zone
and through a showerhead before the gases are passed to the substrate (6) in

30 the deposition chamber (4). Due to the complexity of designs that are available



Table 1 - Stability Tests of Degassed |IsTBDE at 80 "C Sample , lime (hr) T
(t) Reactive Gas Stabilizer Type Residue (ppm 12 80 Degassed None N A 227
2 12 80 Degassed 50 ppm MHQ Monohsdr oxy
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in the market and their variability based on need driven by the process, the

options are described only in general terms here,

[0071] in our general example, the precursor vapors are transported

5 through the chemical vapor process line () to the substrate (6) in the deposition
chamber (4) by a stream of gas flowing past the vaporizer means (3, 14). The
stream of gas is supplied from a source tank {7) and flows through a gas delivery
line (8) to the chemical vapor process line (5). The stream of gas, having a flow
rate of about 5 sccm to about 10,000 scem, is often heated to enhance

10 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, ammonia, nitrous oxide, carbon dioxide,
carbon monoxide, SiHa, silanes, silicon tetrafluoride, hydrazine and the like to

15 enhance the deposition process.

[0072] As the precursor vapors are transported {o the substrate (6), they
may be mixed with one or more reactants, in addition to the transport gas, to
enhance its deposition onto the substrate. The reactants may be reactive gases

20 as mentioned above, or they may be other chemical precursors such as amines,
aminoalcohols, alkanes, alkenes, alkynes, alcohols, esters, ketones, aldehydes,
carboxylic acids and the like. The reactants are carefully selected to enhance
the deposition of precursor on the substrate, and to modify the chemical identity
and properties of the layer deposited onto the substrate. These reactants can be

25 introduced into the film deposition tool (11) by various means and at various
locations in the process, depending on the desired effect. t is most convenient
to introduce a reactant into the film deposition tool (11) in gaseous form, so it
would be necessary to have an additional vaporizer means in the case where
liquid reactants are used. An additional vaporizer means, or gas delivery line

30 used to introduce a reactant can be placed near the point where the gas delivery

line (8) meets the chemical vapor process line (5), upstream or downstream of



122 3 12 80 Degassed 100 ppm MHQ Mai ohydroxy 83 4 12 80 Degassed 50 ppm
4- MCAT Di hyiroxy <0.5 5 12 80 Degassed 100 ppm 4- MCAT Di hydroxy <0.5
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the vaporizer means, directly into or near the plasma (9), and/or somewhere on
the sides, top, or botiom of the film deposition chamber (4) of the film deposition
tool (11).

5 [0073] 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

10 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

15 range of frequencies, where the high and low frequency plasma power may
range from about 0 to several kilowatts. The substrate may also have a bias of
between about 0 and about —400 VDC to enhance material transport {o the
substrate. The substrate may be heated from about 25°C to about 500 °C to
gither cause thermal breakdown of the precursor on the substrate, or may be

20 used to enhance the deposition of precursor on the substrate. Unreacted
materials are exhausted through an exhaust line (10).

[0074] The elemental composition of the film, and thus the film properties,
can be adjusted by the choice of starting silicon containing compound, the cyclic
25  alkene employed, and the use or lack of use of various reactive gases in the

process.

[0075] Subsequent to the film deposition, the initial film may be subjected
to a curing step. The curing steps may also be employed to modify e.g., the

30 density or elemental compositions of the films to change film properties such as
film strength, dielectric constant and various other properties of the film. These



[0080] Results in Table 1 show that the unstabilized sanple forned a fair 5
anount of residue. Conparing the nonohydroxybenzene stabilized sanples to
unstabilized material, MHQ showed a reduction in residue. The higher
concentrati on of MHQ gave a | ower residue concentration. However, the
d|hydroxyH@ﬁi@W@“?@bblIlzed sanpl es bot h unexpectedly §ﬁ§&§deﬁﬁW§ved

per f ormance over each of the monohydrdxybenzene stabilized sanmples, with
toexcellent results at either concentration. EXAMPLE 2 [0081] This test was
chosen to denonstrate how NBDE perfornms when exposed to both heat and

oxygen fOtuwét@p@rﬁa@n@ém@e gfhdrivize tredirfer vy Be 2gSIRANGEBE gt ingduysed for
this test was 25 ge ght. This concentration is simlar to what one

woul d exp@ee of Y%fﬂ”ér‘i‘eé H@@Pélguﬁ&%@m glatgs, even. ddraredlagins. @uri ng
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usual l'y taken é chem cal ranufacturers to avold oxygen contam nation when
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pr eparl ngCRACaUrRAIRESF olghaden pWBI%@@iHQZSGJP@UW]tTrﬁéD‘@@%m 2 ierfts tested

wer e % a of entrations to
determ ne ﬂl?r?osi)h @%Drgg %??%aég%&%ﬁa nﬁog e ?eg'ctg\f %ﬁ%épﬁl tial residue
concentrahyctrncarbm)e@cangatdmsfw amosphatauiessl, Oxygeet air, mmeeimmromemﬂene prior
to heatin ; | Aer f ized.. (Sampl e 6),
ower 1 hag oS SRRAS BT NE S i BRI QleatqhBhag hbB3SuNERT,
S2009/ 049%6éeh pdckever arehiaow.td tpma fkiledJatE &$. 9- 10. Once the basel i ne was
established, sanple bulbs were filled in the presence of a known quantity
of air to give 25 ppm of oxygen by weight of the sanple. The sanples were
heatedoat 80 C for 12 hours and t lamePsESd for residue concentration. The
results are sunmarized in Table 2 below. Table 2- Stability Tests of NBDE
wi th 25ppm 02 at 80C Sanpl e

[0076] A series of tests were devised to compare the propensity for

stabilized and unstabilized NBDE samples to form soluble, nonvolatile polymeric
residue under various stress conditions. In these tests, samples were prepared

15 by carefully distilling NBDE under nitrogen using similar conditions. For
stabilized samples, NBDE was distilled under nitrogen directly onto each
stabilizer. After the samples were prepared, they were transferred into 250 mL
glass bulb test containers that were fitted with a Kontes valve and Schienk line
adapter. This container was ideal for testing since it could be resealed, was

20 compatible with Schlenk techniques, and the only wetted parts were glass or
Teflon. The samples were carefully handled under nitrogen to prevent exposure
to adventitious gases before the experiment. Some samples were degassed
using three freeze-pump-thaw cycles to remove dissolved gases. Some samples
were exposed to oxygen, where the amount of oxygen was carefully introduced

25 using calculated amounts of air. All heated samples were heated in a controlied
temperature oil bath for a specific length of time. After each experiment was
completed, the amount of nonvolatile, polymeric residue was determined using
an evaporative technigue that separated the volatile portion (NBDE and
stabilizer) from the nonvolatiie portion (polymeric residue). The evaporative

30 technique simultaneously evaporated NBDE and stabilizer from a preweighed

sample pan inside a container fitted with a nitrogen inlet and a vapor outlet.



Time (hr) T (C Reactive Gas Stabilizer Type Residue (ppm) 6 12 80 25 ppm
02 None N A 1588 7 12 80 25 ppm 02 50 ppm MHQ Monohydroxy 836 8 12
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Nitrogen flow and heating at 80 °C facilitated the evaporation process, and
residue was determined by the difference in the weight of the sample pan before
and after the test. The amount of residue was reported as parts per million (ppm)
by weight after comparing the mass of the nonvolatile portion to the total weight
of the sample, and the detection limit was approximately 0.5 ppm. Lower residue

L

values after testing are an indication of greater stability.

EXAMPLE 1
[0077] This test was chosen to demonstrate how NBDE performs when
10 exposed to heat for a period of time. As mentioned previously, NBDE may be
exposed to elevated temperatures up to 80 °C for hours or days, so the product
must demonstrate resistance to thermal degradation under such conditions.

[0078] Additionally, this test can give an initial indication of product shelf
15 life. Accelerated aging tests commonly assume that chemical reactions follow

the Arrhenius reaction rate function. Generally, this states that degradation rates

increase 2x with every 10 °C increase in temperature. Therefore, a heating test

at 80 °C for 8.1 days is approximately equal to a sample stored at 25 °C for 365

days. For the above test, 80 °C for 12 hours is approximately equal to a sample
20 stored at 25 °C for 3 weeks.

[0079] The stabilizers tested were MHQ and 4-MCAT, and each was
tested at two different concentrations to determine if a higher concentration was
more effective. The initial residue concentration for each sample was measured
25 to determine the baseline prior to heating. The baselines were 31 ppm for
unstabilized NBDE (Sample 1), lower than 2 ppm for Samples 2-3, and lower
than 0.5 ppm for Samples 4-5. Since all distillations were done under the same
conditions, this could be an indication of the difficulty of isolating high purity
NBDE in the absence of a stabilizer. Once the baseline was established, sample
30 bulbs were carefully filled in the absence of air and subsequently degassed as
described above. The samples were heated at 80 °C for 12 hours and then



80 25 ppm 02 100 ppm MHQ Monohydroxy 576 9 12 80 25 _ppm 02 50 ppm 4- MCAT

D hydroxy 3 10 12 80 28 Wn 02 100 ppm 4- MCAT D hydroxy <0.5 [0083]Results
in Table 2 show that the unstabilized sanple fornmed a significant anmount of
resi due. Conparing the nonohydroxy stabilized sanples to unstabilized

mat eri al , WPGIYHBWEY a reduction in rﬁsi due. The hi ghePCT/US2009/049765

tested for residue concentration. The test results are summarized in Table 1

below.
Table 1 - Stability Tests of Degassed NBDE at 80 °C
[Sample | Time (hn) |T (°C)| Reactive Gas Stabilizer Type Residue (ppm)
1 12 80 Degassed None N/A 227
2 12 80 Degassed 50 ppm MHQ Monohydroxy 122
3 12 80 Degassed 100 ppm MHQ Monohydroxy 83
4 12 80 Degassed 50 ppm 4-MCAT Dihydroxy <0.5
5 12 80 Degassed 100 ppm 4-MCAT Dihydroxy <0.5
[0080] Results in Table 1 show that the unstabilized sample formed a fair

5 amount of residue. Comparing the monohydroxybenzene stabilized samples to
unstabilized material, MHQ showed a reduction in residue. The higher
concentration of MHQ gave a lower residue concentration. However, the
dihydroxybenzene stabilized samples both unexpectedly showed improved
performance over each of the monohydroxybenzene stabilized samples, with

10 excellent results at either concentration.

EXAMPLE 2

[6081] This test was chosen to demonstrate how NBDE performs when
exposed to both heat and oxygen for certain lengths of time. The oxygen

15 concentration used for this test was 25 ppm by weight. This concentration is
similar to what one would expect from an accidental exposure of chemical to air
during packaging, though it is a relatively large exposure considering the lengths
usually taken by chemical manufacturers to avoid oxygen contamination when
preparing semiconductor grade products.

[0082] The stabilizers tested were MHQ and 4-MCAT, and each was
tested at two different concentrations to determine if a higher concentration was
more effective. The initial residue concentration for each sample was measured
to determine the baseline prior to heating. The baselines were 31 ppm for

25  unhstabilized NBDE (Sample 6), lower than 2 ppm for Samples 7-8 were, and



I () concentration of MHQ gave a | ower residue concentration. However, the
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{0083] Results in Table 2 show that the unstabilized sample formed a
significant amount of residue. Comparing the monohydroxy stabilized samples to
unstabilized material, MHQ showed a reduction in residue. The higher

10 concentration of MHQ gave a lower residue concentration. However, the
dihydroxybenzene stabilized samples both unexpectedly showed improved
performance over each of the monohydroxybenzene stabilized samples. Though
there were excellent resuits at either concentration, the higher stabilizer
concentration showed better performance.

135
EXAMPLE 3

[0084] This test was chosen as an extreme condition to stress the product
and help sort out the effectiveness of different stabilizers. Oxygen was added at
150 ppm by weight as a way to stress the product and demonstrate clear

20  differences between more and less effective stabilizers.

[0085] The stabilizers tested are as follows: 4-methoxyphenol (MHQ), 2.6-
di-tert-butyl-4-methylphenol (BHT), 2,6-di-tert-butyl-4-methoxyphenot (BHA), 3-
methoxy-1,2-dihydroxybenzene (3-MOCAT), 4-methyi-1,2-dihydroxybenzene (4-
25 MCAT) and 1,2-dihydroxybenzene {pyrocatechol). The first three stabilizers
have a single OH substituent {monohydroxy) while the last three have two OH



Stabilizer Type Residue (ppnm) 11 12 80 150 PM 02 None N A 10487 12 12 80
15) ppm 02 1 50 pp-n WHO Mcnohydnoxy 1800 13 12 80 150 ppm 02 150 ppm BHT +
50 ppm WHO
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substituents (dihydroxy). The initial residue concentration for each sample was
measured to determine the baseline prior {o heating. The baselines were 31
ppm for unstabitized NBDE (Sample 11) and lower than 2 ppm for Samples 12-
17. Once the baseline was established, sample bulbs were filled in the presence

5 of a known quantity of air to give 150 ppm of oxygen by weight of the sample.
The samples were heated at 80 °C for 12 hours and then tested for residue
concentration. The results are surmmarized in Table 3.

Table 3 - Stability Tests of NBDE with 150 ppm O at 80 °C
Sample | Time () | T (°C)] Readtive Gas Stabilizer Type | Residue (ppm)

11 12 80 | 100 pom o2 None NA 10487

12 12 801 10pme 150 ppm MHG Monohycraxy 1800

13 12 80 1 180 ppmCe | 150 ppm BHT + 50 ppm MHQ | Mornohydroxy 45

14 12 80 1 UM | 50 ppm BHAH 50 ppmMHQ | Monohydroxy £

15 12 80 | 150ppm O 150 ppm 3-MOCAT Ditydroxy 16

16 12 801 180 pom O 150 ppm 4-MCAT Dihwdroxy 11

17 12 80 | 10pmO; 150 ppm pyrocatechd Dihydroxy 7
[6086] Results in Table 3 show that the unstabilized sample formed a

10 significant amount of residue compared to all of the stabilized samples. This
result was notably higher than tests performed in Examples 1 and 2 which used
milder conditions. Samples 13 and 14 were prepared to probe the effectiveness
of stabilizer mixtures. Comparing the monohydroxybenzene stabilized samples
to unstabilized material, MHQ showed a marked reduction in residue but the

15  MHQ mixtures with BHT or BHA both performed better. However, the
dihydroxybenzene stabilized samples showed improved performance over each
of the monohydroxybenzene stabilized samples at an equivalent or lower

concentration.

20 EXAMPLE 4
[0087] This test was chosen to demonstrate how a product would perform

when exposed to a greater heat extreme for a period of time. Although NBDE is
not expected o experience temperatures of 120 °C for 24 hours, is test can

demonstrate if this extreme temperature adversely affects the product. It may
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also give an initial indication of shelf life where 24 hours at 120 °C is

approximately equal to 2 years at 25 °C.

[c088] The stabilizers tested were MHQ and 4-MCAT, and each was

5 tested at two different concentrations to determine if a higher concentration was
more effective. The initial residue concentration for each sample was measured
to determine the baseline prior to heating. The baseline was 31 ppm for
unstabilized NBDE {Sample 18), lower than 2 ppm for Samples 19-20, and lower
than 0.5 ppm for Samples 21-22. Once the baseline was established, sample

10 bulbs were carefully filled in the absence of air and subsequently degassed as
described above. The samples were heated at 120 °C for 24 hours and then
tested for residue concentration. The results are summarized in Tabie 4.

ays . )
Table 4 - Stability Tests of NBDE without O, at 120 'C
Sample | Time (hr} ‘i-“—("C)i Reactive Gas Stabilizer ‘T‘ype Residue {ppm)
18 24 120 Degassed None N/A 1862
18 24 120 Degassed 50 ppm MHQ Monochydroxy 822
20 24 120 Ezgassed 100 ppm M& Mgnohydmxy 331
21 24 120 Degassed 50 ppm 4-MCAT Dihydroxy 157
22 24 120 Degassed 100 ppm 4-MCAT Dihwydroxy 157
[0089] Results in Table 4 show that the unstabilized sample formed

15 significant residue. While the amount of residue formed was greater than that
seen at 80°C when degassed (see Table 1), not as much residue was formed
compared to that formed when the unstabilized sample was exposed to both heat
and oxygen {see Table 3). Comparing the monohydroxybenzene stabilized
samples to unstabilized material, MHQ showed a reduction in residue. Further,

20 the higher concentration of MHQ gave a lower residue concentration. However,
the dihydroxybenzene stabilized samples both unexpectedly showed improved
performance over each of the monohydroxybenzene stabilized samples at gither

concentration, even at this extreme temperature.

25 [0090] it is important to note that all samples of this Example showed
evidence of thermal degradation as detected by gas chromatography-mass



11 17 12 80 153 pprn 02 150 ppm wocat echcl Dhytoxy 7 [0086]Results in
Table 3 show that the unstabilized sanple fornmed a | osignificant anount of
residue conpared to all of the stabilized sanples. This result was notably
hi gher than tests perfornmed in Exanples 1 and 2 which used m | der

condi t i onsWOSAHHO®S7 13 and 14 were prepared to probe t RETERPEYI4%NEness of
stabilizer m xtures. Conparing the rmdﬁohydroxybenzene stabilized sanples to
unstabilized material, MHQ showed a marked reduction in residue but the 5
MHQ m xtures with BHT or BHA both perforned better. However, the
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such stabilizers. Since there appear to be two active modes of degradation at
120 °C, it is not possible to rely on the Arrhenius model to predict shelf life testing
at this temperature.
10

EXAMPLE 5

[0091] The cyclic alkene, NBDE, stabilized with 100 ppm of 4-MCAT or 3-

15 MOCAT 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 mbL/min. The cyclic alkene is vaporized into a chemical vapor process line that
is heated to 80 °C and transported to a substrate using 500 scem of helium as a
transport gas with the system base pressure held at 6 torr. During transport to

20 the substrate, the cyclic alkene vapor and transport gas is mixed with a flow of
methyldiethoxysilane (M-DEOS) in a proportion of approximately 60% by weight
M-DEOS and 40% by weight NBDE. This gas mixture is exposed to a plasma
power of 250 W. The substrate is heated to 150 °C with a substrate bias of —15
VDC. A carbon doped silicon oxide film is deposited on the substrate using

25 these conditions.

EXAMPLE 6

[0092] The cyclic alkene, NBDE, stabilized with 100 ppm of 4-MCAT or 3-
30 MOCAT 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 cyclic alkene is vaporized into a chemical vapor process line that



[ 0088] The stabilizers tested were MHQ and 4- MCAT, and each was tested at
two different concentrations to determne if a higher concentration was
nore effective. The initial residue concentration for each sanpl e was
measured to determ ne the baseline prior to heating. The baseline was 31
ppm for uM& ¥BYP45%8d NBDE ( Sanpl e 18%4 | ower than 2 ppgthif'6rY&4#iifes 19- 20,
and | ower than 0.5 ppm for Sanples 2I-22. Once the basel i ne was
established, sanple io bulbs were carefully filled in the absence of air
and subsequent|y degassed as descri bed above. The sanpl es were heated at
120C for i2Aedtedns 810 driverarispatied td asubstsitd ueing@iOestmadfibefiumEsea resul t s

A A T R L D 0 T M
24 120 Degassestrdonge NWdickdsheliipor and transport gas is mixed with a flow of
TMCTS in a proportion of approximately 60% TMCTS and 40% NBDE. This gas
5 mixture is exposed to a plasma power of 250 W. The substrate is heated to 150
°C with a substrate bias of 15 VDC. A carbon doped silicon oxide film is
deposited on the substrate using these conditions.

EXAMPLE 7

10
[0093] This example employs the process in Example 5, however the

carbon doped silicon oxide film is treated by a post-deposition curing step. The
film is annealed at 425 °C under nitrogen for 4 hours to remove substantially all
of the NBDE porogen that remains in the film. This treatment typically gives a

15 slightly thinner film with a lower dielectric constant.

EXAMPLE 8

[0094] This example employs the process in Example 6, however the

20 carbon doped silicon oxide film is treated by a post-deposition curing step. The
film is annealed at 425 °C under nitrogen for 4 hours to remove substantially all
of the NBDE porogen that remains in the film. This treatment typically gives a
slightly thinner film with a lower dielectric constant.

25 EXAMPLE9

[0095] This example employs the process in Example 5, however the
cyclic alkene, NBDE, is stabilized with 50 ppm of 4-MCAT and 50 ppm of 3-
MOCAT. A carbon doped silicon oxide film is deposited on the substrate.

30
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EXAMPLE 10
[6096] This example employs the process in Example 5, however the

cyclic alkene, NBDE, is stabilized with 50 ppm of 4-MCAT and 50 ppm of BHT. A
5 carbon doped silicon oxide film is deposited on the substrate.

EXAMPLE 11

[0097] This example employs the process in Example 7, however the

10 cyclic alkene, NBDE, is stabilized with 100 ppm of 3-isopropyl-1,2-
dihydroxybenzene. A carbon doped silicon oxide film is deposited on the
substrate.

EXAMPLE 12

[0098] This example employs the process in Example 5, however the
cyclic alkene, a 75:25 by weight mixture of NBDE and alpha-terpinene, is
stabitized with 100 ppm of 3-isopropyi-1,2-dihydroxybenzene. A carbon doped
silicon oxide film is deposited on the substrate.

EXAMPLE 13

[0099] This example employs the process in Example 5, however the
cyclic alkene, a 25:75 by weight mixture of dicyclopendiadiene:alpha-terpinene,
25 is stabilized with 100 ppm of 3-isopropyl-1,2-dihydroxybenzene. A carbon doped

silicon oxide film is deposited on the substrate.

EXAMPLE 14

30 [0160} This example employs the process in Example 8, however the
cyclic alkene, NBDE, is stabilized with 200 ppm of 3-tert-butyl-4-methyl-1,2-



120 Degassed 100 ppm 4- MCAT Di hydroxy 157 [0089]Results in Table 4 show
that the unstabilized sanple forned 15significant residue. Wile the anount
of residue forned was greater than that seen at 80C when degassed (see
Table 1), not as nuch residue was forned conpared to that fornmed when the
unst abi | | YEHOEUMETE was exposed to bgth heat and oxygdifT(\EeWEBie 3).
Conpari ng the nonohydroxybenzene staflili zed sanples to unstabilized
material, MHQ showed a reduction in residue. Further, 20 the higher
concentration of MHQ gave a | ower residue concentration. However, the

di hydr oxyfismizeeesialy. | A zedosaipkdsioob bxidedikpécteptsites bowesl | npr oved
performance over each of the nonohydroxybenzene stabilized sanpl es at

ei ther cSHEeRRation, even at this extreme tenperature. 25[0090]1t is
inportant to note that all sanples of this Exanple showed evi dence of

t hermal degradation as detected b as chromat ogr aphy-mass WO
20101005937PCT1US20091049765 45 FldPry (GC-MB) and the resul ting
residue had a different appearance. Residue fornmed in the presence of
oxygen gave colorless or white yellow solid (often a "bubbly" mass) while
residue fEVMRAH at Thig axagwiceemprions thwpweess Bobiainme hheweveipiRar ance of

nelted c - | ; i { ] I ot ily be
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addi t i on)sjlicohiogidedim isrdgpositedlos thesgbstediée way t o gauge the effectiveness
of such stabilizers. Since there appear to be two active nodes of
degradation at 120 C, it is not possible to rely on the Arrhenius nodel to

predigt shelf life testing at thiEXAMApErNS&ture. 10 EXAMPLE 5

[0102] This example employs the process in Example 7, however the
cyclic alkene, NBDE, is stabilized with 150 ppm of 4-MCAT. A carbon doped
silicon oxide film is deposited on the substrate.

15
EXAMPLE 17

[0103] This example employs the process in Example 8, however the
cyclic alkene, alpha-terpinene, is stabilized with 100 ppm of 4-MCAT. A carbon
20 doped silicon oxide film is deposited on the substrate.

EXAMPLE 18
[0104] This example employs the process in Example 5, however the

25 cyclic alkene, limonene, is stabilized with 100 ppm of 4-MCAT. A carbon doped

silicon oxide film is deposited on the substrate.

30



[ 0091] The cyclic al kene, NBDE, stabilized with 100 ppm of 4-MCAT or 3-
15MOCAT is transferred, with the aid of heliumpressure, froma stainless
steel container through a chem cal delivery line to a heated vaporizer at a
flowrate of 1 niL/mn. The cyclic alkene is vaporized into a chem cal vapor
process |iWe HHWASPL heated to 80 C and transported toPETIGHEY RIS usi ng
500 sccmof heliumas a transport gas®with the system base pressure held at
6 torr. During transport to 20 the substrate, the cyclic al kene vapor and
transport gas is mxed with a flow of nethyl di ethoxysilane (MDECS) in a
proportion of approximtely 60% bgxamrag 194+ DECS and 40% by wei ght NBDE.
This gas m xture i s exposed to a plasma power of 250 W The substrate is
heated to 150 C with a substrate bias of -15 VDC. A carbon doped silicon
oxi de 11 i5]depOSFHieexatioltBAuRsiealScdiiing ERIIES R fons. EXAVPLE
6 [0092] The cyclic al kene, NBDE, stabilized with Ooé)pcpm of 4- MCAT or 3-
MOCAT i s Eydirsiteneedphairingrehis diakilizsd wWih 200pined SuV&CAT.ofmc@raamai nl ess

st eel 90n8§¢&§§mé&{w$ﬁ%gcy ig@éd ?r?mevﬁmétrbiene to a heated vaporizer at a

flowrate m./ mn. Ic al kene 1's vaporized into a chem cal vapor
process line that WD 2010/ 005937PC17US2009/ 049765 46 is heated to 80 C and
transported to a substrate using %Qam%f helium as a transport gas with
the system base pressure held at torr. ring transport to the substrate,
the cyclic al kene vapor and transport gas is mxed with a flow of TMCTS in

a proporti f appgoxi Ly % TNCTS and .40% NB Thi s S mxture is
exposed t(gai:lo@l asngﬁ}f)%%%@fa 32’%‘8\%3 %rg%&tp%@n}pe ’e’%ﬁvé%’e? 50 cwith a
subsL nat egﬂm'lia%”@fne, diEyN@%ntédieaé,tdigstarb@ned wathl impmmgd%%ég]mpihs deposi It ed
on the substrate using these_conditions. EXAVPLE 7 | Thi s exanpl e
enpl oys t & BP@@BE@ Si'*ﬁo'tseﬁ'ﬁfaﬁ* SS,dW%P”iéﬁ%S@’frt%% doped silicon oxide
filmis treated by a post-deposition curing step. The filmis anneal ed at
425 C under nitrogen for 4 hours to renove substantially all of the NBDE
porogen that remains in the fil mEFMMPLEZht nent typically gives a
15slightly thinner filmwth a |ower dielectric constant. EXAMPLE 8

[ 0094] Thi s _exanpl e enpl oys the process in Exanple 6, however the 20 carbon

np :
doped!5i | i@ Ioxi delis BxAMBletaneRiewthsypracessdt Exapwis 6i wever they step. The
filmis a | t44z nder f 4. i
subst ant i {a?)rrtl%{a'1 ag%n%bg'étaﬁgﬁl{%g%?gnoé}%%iﬂ%? ﬁtahtagrng hg{‘%é’&ﬁ%éofﬁféﬁ?? ?E‘Pnlﬁ’fl s
t r eat ment 3dy@meiiyh ilipgdrodyleenzgnel WY eatbermdeped siiean exidefiloer diel ectric

constant . 4gafeliohfnd substrate.
» EXAMPLE 22

[0108] This example employs the process in Example 5, however the
cyclic alkene vapor and transport gas is mixed with a flow of
methyldiethoxysilane (M-DEOS) and a flow of tetramethyldisiloxane (TMDSO) in

25 a proportion of approximately 40% by weight M-DEOS, 20% by weight TMDSO
and 40% by weight NBDE. A carbon doped silicon oxide film is deposited on the
substrate.

30



[ 0095] Thi s exanpl e enpl oys the process in Exanple 5, however the cyclic
al kene, NBDE, is stabilized with 50 ppm of 4- MCAT and 50 ppm of 3- MOCAT. A
carbon doped silicon oxide filmis deposited on the substrate. 30 WO

2010/ 005937PCT/ US2009/ 049765 47 EXAMPLE 10 [0096] Thi s exanpl e enpl oys the
process i WEBAHPSE'5, however the cycl i c al kene, NBDE,PGIUSS#046#97Pzed with
50 ppm of 4- MCAT and 50 ppm of BHT. A carbon doped si I icon oxide filmis
deposited on the substrate. EXAMPLE 11 [0097] This exanpl e enpl oys the
process in Exanple 7, however the iocyclic alkene, NBDE, is stabilized with
100 ppm of 3-isopropyl-1,2- di hydixonyPerzgne. A carbon doped silicon oxide
filmis deposited on the substrate. EXAMPLE 12 15 [0098] This exanpl e

enpl oys the process in Exanple 5, however the cyclic al kene, a 75:25 by

wei ght m 09F, of ﬁdﬁ:@%x@%a@éﬁ%y&%@b;%@@e 1n'[§xa$ﬁ;ﬂ9'5' héRevepthd 100 ppm of
3-isopropyl -1, 2-di hydr oxybenzene. A carbon doped l'icon oxide filmis
deposi t ed:yehe @lh@w%mrmﬂéranzgomww@xgg VY*@O@@‘PWIW‘S exarrpl e errpl oys the
process i Vi ght

mi xt ure etﬁ?‘c clo §ﬂ é‘réo(ﬁf?%?éa? daa{kg\y%:flnegrna@éf ?gll(%taﬁgl l1ze W|th 100 ppm
of 3-i SO[‘H mppbmbnbfdphmm?lyéﬁ)ﬂebe we@ﬁ&ﬁ%ﬁkﬁ@ﬁo’@é@ bgieigdIM$Qe filmis

deposi t ed o 50}1%}/ w%lgﬁ:n[ rl\?éiﬁE A carbon doped silicon oxide film is deposited on the

substrate.
10 EXAMPLE 24

[0110] This example employs the process in Example 5, however the
cyclic alkene vapor and transport gas is mixed with a flow of trimethylsilane
(TMS) in a proportion of approximately 60% by weight TMS and 40% by weight
NBDE. A carbon doped silicon oxide film is deposited on the substrate.

—
L

EXAMPLE 25

[0111] This example employs the process in Example 5, however the

20 cyclic alkene vapor and transport gas is mixed with a flow of fluorotriethoxysilane
(FTES) in a proportion of approximately 60% by weight FTES and 40% by weight
NBDE. A carbon doped silicon oxide film is deposited on the substrate.

EXAMPLE 26
25
[0112] This exampte employs the process in Example 5, however the
cyclic alkene vapor and transport gas is mixed with a flow of
acryloxytrimethylsilane (AcroTMS) in a proportion of approximately 60% by
weight AcroTMS and 40% by weight NBDE. A carbon doped silicon oxide film is
30 deposited on the substrate.



EXAMPLE 14 30[ 0100] Thi s exanpl e enpl oys the process in Exanple 8, however
the cyclic alkene, NBDE, is stabilized with 200 ppm of
3-tert-butyl-4-nethyl-1,2- WD 20101005937PCF1US20091049765 48

di hydr oxybenzene. A carbon doped silicon oxide filmis deposited on the
substrat e. WEXANPLEST5 [0101] Thi s exanpl e enpl oys the pPEERSFIVHIIERanpl e 6,
however the cyclic al kene, NBDE, is stabilized with 50 ppm of 4- MCAT. A
carbon doped silicon oxide filmis deposited on the substrate. EXAMPLE 16
[0102] Thi s exanpl e enpl oys the process in Exanple 7, however the cyclic
al kene, NBDE, is stabilized with ggammm 2f 4- MCAT. A carbon doped silicon
oxide filmis deposited on the substrate. EXAMPLE 17 [0103] This exanpl e
enpl oys the process in Exanple 8, however the cyclic al kene,

al pha-ter gppegie, i sTrss abarh 2 NthEQRo BT iR E XAl . nfiveir By 20doped
silicon 0>F<[| dgﬂfl Imis dep Ogl tedmw gggubst!rate EXAMPLE 18 [ 0104] Thi s

exanpl e eﬁ¥ﬂ"Q@(et“ﬁéfaﬁ%@@égan@%@ﬁﬁémsed weheaftaw ehe 25 cyclic al kene,
|'i monenpe, 2 A i con
oxi do 111 B SR ARELEaEn N AGH TR e bartol e S B TR B TR Belllor 0aoes
49 AceTMS and 40% by weight NBDE. A carbon doped silicon oxide film is
deposited on the substrate.

16 [0114] A series of tests were devised to examine product shelf life under
normat storage conditions over a one year timeframe. This is a key measure of
long term stabilizer performance. Eight high purity stainless steel containers
were filied in essentially the same manner from standard high volume production
lots. Initial purity with respect to residue concentration was found to be nearly

15 identical. The containers were sealed and were stored at approximately 25 °C
(“room temperature”} in an inert atmosphere under atmospheric pressure.
Residue concentration was measured at the time of fill as a sample baseline, and
then samples were pulied over the course of approximately one year in order o
measure the increase in residue concentration. Residue concentration was

20 measured as described in the above examples. The results are shown in Plots
1-3.

EXAMPLE 28

25 [0115] Plot 1 shows the residue concentration of four samples of NBDE
stabitized with 50 ppm of MHQ as a function of sample age. Trend lines were
used to highlight the highest and lowest concentration trends seen in the four
samples. Based on these results, residue formation over time was approximately
linear. Although the variation of the rate of residue formation between these

30 samples was relatively large and not clearly understood, it was believed that
small differences in oxygen concentration due to packaging and sampling may

play a role. Using this data, one may reasonably predict that residue formed in a



EXAMPLE 19 [0105] Thi s exanpl e enpl oys the process in Exanple 5, however the
cyclic al kene, al pha-pinene, is stabilized with 200 ppm of 4- MOCAT. A
carbon 5doped silicon oxide filmis deposited on the substrate. EXAMPLE 20
[ 0106] Thi s exanpl e enpl oys the process in Exanple 5, however the iocyclic
al kene, dMEYWIWERT adi ene, is stabilized with 150 ppmP&/UB2MNEAIPI65A car bon
doped silicon oxide filmis depositetf on the substrate. EXAMPLE 21

| s[ 0107] Thi s exanpl e enpl oys the process in Exanple 5, however the cyclic
al kene, 1, 4-di hydro-1, 4- et hanonapht hal ene, is stabilized with 100 ppm of

3, 4-di m%@ﬁ%é@?@r%é‘ﬁﬂtﬁg@é%@ﬁé%ﬁ% urf¥e® 8RR sapags coditicrRrwaiid dernyf i I mi s
deposited on the substrate, 20 MPLE 22 [0108] Thi s exanpl e enpl oys the
process iMPMERBRKSI7O 8 aDREWERRPPThe cyclic al kene vapor and transport gas is
m xed wth a flow of nethyl di ethoxysilane (M DECS) and a fl ow of

t et ranet hyl di sil oxane (TMDSO) in 25 a proportion of approximtely 40% by
wei ght M{DECS, 20% by wei ght TMDSO magh 40% by wei ght NBDE. A car bon doped
silicon o

2010/ 0059 | oys the
process i 't gas is
m xed wt

0 2 4 6 8 10 12
Age (months)

EXAMPLE 29

[0116] Plot 2 shows the residue concentration of four samples of NBDE
stabilized with 100 ppm of 4-MCAT as a function of sample age. Trend lines

10 again were used to highlight the highest and lowest concentration trends seen in
the four samples. As seen with MHQ stabilized product, residue formation over
time was approximately linear. However, residue concentration in the 4-MCAT
stabilized samples under similar conditions was lower by at least an order of
magnitude. In this case, the predicted residue after one year would vary from

15 about 4 to about 6 ppm. Not only was the overall residue concentration lower, it
was also more tightly distributed and therefore more predictable.



met hyl di et hoxysi |l ane (M DECS) and a flow of tetranethyl disiloxane (TMDSO
In a proportion of approximately 30% by wei ght M DEGCS, 30% by wei ght TMDSO
and 40% by wei ght NBDE. A carbon doped silicon oxide filmis deposited on

t he subst
Exampl e 5,

rate. 10EXAMPLE 24 [0110] This exanpl e enpl oys the process
WReNEPE3The  cyclic al kene vapor and transBefUSYAYIPES

in
m xed

with a flow of trimethylsilane (TMS) ¥n a proportion of approxi mately 60%
by wei ght TM5 and 40% by wei ght 15NBDE. A carbon doped silicon oxide film

i s deposited on the substrate.
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EXAMPLE 25 [0111] This exanple enplo

; c—al-kene-vapor—and-trans
ith a flow of fluorotrieth | ane &FTE%hgln a proporti
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EXAMPLE 30
[0117] The dramatic difference between the long term behavior of the
MHQ and 4-MCAT stabilized products is most obvious when both studies are
plotted on the same graph, as seen in Plot 3. This plot clearly shows the
differences both in range and in overall residue concentration formed over the
same period.
Plot 3 ) 1
Residue vs. Sample Age
NBDE with 50 ppm MHQ {Solid) vs. NBDE with 100 ppm 4-MCAT (Holiow)
$#H28A
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T ® #28C
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normal storage conditions over a one year tineframe. This is a key neasure
of long termstabilizer performance. Eight high purity stainless steel
containers were filled in essentially the same nanner from standard high
vol une production lots. Initial purity with respect to residue
concent r aN®OWIURHES*¥F ound to be nearly 15identical. The ¥3A{5aAEHEwer e

seal ed and were stored at approximat®y 25 C ("roomtenperature") in an

i nert atnosphere under atnospheric pressure. Residue concentration was
nmeasured at the tine of fill as a sanple baseline, and then sanples were
pul |l ed over the course otepRRII®PuUriTRIaGloy Mdeede® #1:N order to nmeasure the
increase in residue concentration. Residue concentration was 20 neasured as
described in the above exanples. The results are shown in Plots 1-3.

EXAMPLE 384 »2@[01151:5;&;@31%@@,%.&@@ PRLOING 129B0GA bITRLRR dRlickansr sampl es

of NBDE stabl lized Wt as a function of sanple age. Trend
l i nes mﬁ%cwgadmthrﬁlimalge@m aitiﬁéﬂfhff@ &sin aaﬁanm@mgem@m]mwmgs BEeN t r ends
seen i;n t I e e i fornmation over
time was EJa%g){l‘r’)% %’;(Jl mat e B%Oﬁ@%ré &S\P ﬂﬁérg ﬁ@blL%gr\Lyae ?aaq[alrt@ﬁp tchée) rate of

resi due fcmygmated\otwrmmwtne&en@@sanpllaarm@tsr relatively | arge and not

clearly understood, it was believed that small differences in oxygen

concentration due to packagi ng and sanpling may play a role. Using this

data, one may reasonabl yGenecalRurificationcRriodedufeo#zred in a W 2010/ 005937

PCT/ US2009/ 049765 52 sanpl e over the course of one year under simlar

storage conditions would vary from about 70 to about 190 ppm EXAMPLE 29
10 {0119} Cyclic alkene is charged into a distillation flask fitted with a

distillation column, a condenser and two receiving vessels. One receiving vessel
is designated for forerun, or more volatile fraction, and one receiving vessel is
designated for collecting the main fraction, or high purity cyclic alkene. The
distillation is operated under inert atmosphere at atmospheric pressure. A

15 sufficient forerun fraction is collected to remove more volatile impurities, a main
fraction is collected to separate out high purity cyclic alkene of desired purity, and
the distillation process is terminated to leave behind a heel fraction of less

volatile impurities.

20 General Purification Procedure #3:

[0120] Cyclic alkene is charged into a distillation flask fitted with a
distillation column, a condenser, two receiving vessels and a vacuum source.
One receiving vessel is designated for forerun, or more volatile fraction, and one

25 receiving vessel is designated for collecting the main fraction, or high purity cyclic
alkene. The distillation is operated under inert atmosphere below atmospheric
pressure to reduce the boiling point of the cyclic alkene to reduce or prevent
thermal degradation during the distillation step. A sufficient forerun fraction is
collected to remove more volatile impurities, a main fraction is collected to

30 separate out high purity cyclic alkene of desired purity, and the distillation
process is terminated to leave behind a heel fraction of less volatile impurities.



[0116] Pl ot 2 shows the residue concentration of four sanples of NBDE
stabilized with 100 ppm of 4-MCAT as a function of sanple age. Trend I|ines
10again were used to highlight the highest and | owest concentration trends
seen in the four sanples. As seen with MHQ stabilized product, residue
formati on WPEP10{87 was approxi mately |inear. However, PEESISEHGR049765
concentration in the 4-MCAT stabilized sanpl es under S|n1Iar condi ti ons was
| ower by at |east an order of magnitude. In this case, the predicted
residue after one year would vary from 15about 4 to about 6 ppm Not only
was the overall residue concentration |ower, it was al so nore tightly

di stributed and therefore nore predictable.

2010/ 005937PCT/ U82009/ 049F&menal EMWL@?@OS%MFM#M dramatic difference
bet ween the I ong term behavior of the MHQ and 4- MCAT stabilized products is

nost obvi ous when both studies are plotted on the same graph, as seen in
Pl ot 3. THZ1bI ot @wm&%e@ﬁo&@harﬁ@dmt@f&eﬂ*@ﬂmhﬂ@ttihatiqm ysgiegefited in

2010100504 3PCI U000 A0 FEL o ey B ebelv B Bas e deeeiifly 47

[0118] c,yc vegseh sk riasedoior c«bl‘l&mingyhepmm fnggtion, Orhmnghgﬂurlty dykclie alaenan devi ce

hotrt o1 SaPBEHF A e Rl ALV Sl PIPRISE 1 T oo
degradati dmmm@dusbperamcymum singapherd apimotplesricomdspactandud ate matter.

Gener al Pyrn'efdltcatﬁ' rsu Cient separat#)% of high purity cyclic atkene from less volatile

10 impurities.

General Purification Procedure #5:

[0122] Cyclic alkene is charged into a short path distillation system fitted

15 with a heated zone, a condenser and two receiving vessels. One receiving
vessel is designated for collecting the main fraction, or high purity cyclic alkene,
and one receiving vessel is designated for receiving less volatile impurities. The
distillation is operated under inert atmosphere below atmospheric pressure to
reduce the boiling point of the cyclic alkene to reduce or prevent thermal

20 degradation during the distillation step. Further, the process is tuned to offer
sufficient separation of high purity cyclic alkene from less volatile impurities.

General Stabilization Procedures

25 General Stabilization Procedure #1:

[0123] An effective amount of stabilizer is charged into a product receiving
vessel of a distillation system prior to distifling a high purity cyclic alkene into the
receiving vessel. The distillation system is then operated to have the high purity
30  cyclic alkene contact and solubilize the stabilizer as it is collected in the receiving

vessel,



10[ 0119] Cyclic al kene is charged into a distillation flask fitted wth a
distillation colum, a condenser and two receiving vessels. One receivVving
vessel is designated for forerun, or nore volatile fraction, and one

recei ving vessel is designated for collecting the main fraction, or high
purity cy®Q¥1URBAe. The distillation is operated undé/iSA¥PP¥93ehospher e
at at nospheric pressure. A 15suffici®nt forerun fraction is collected to
renove nore volatile inpurities, a main fraction is collected to separate
out high purity cyclic alkene of desired purity, and the distillation
process is termnated to | eave behind a heel fraction of less volatile
inpurities. 20CGeneral Purificatiaon Procedure #3: [0120] Cyclic al kene is
charged into a distill at@%’?ler@?%%'\"ﬁtl%gwqeﬁ’”éeg stillation colum, a
condenser, two receiving vessels and a vacuum source. One receiving vessel
is designated for forerun, or nore volatile fraction, and one 25receiVing
vessel i J0HHi gnat &4 efleetivedmnadtin g stailizegincharged indma Iaigh purity
cyclic algene, atTabgoaﬁt §étweta§ttﬁ@eoﬁ§enee@{aﬁé 6bduRdRtel/MENesgdmapRher e bel ow
at nospherrc pressure to reduce the boiling point of the cyclic al kene to
reduce ordigifialiamsysidrainiiendpgraigato baveda highigpuriiecullis eikenacooiactarg. A
sufficie ¢ GLl 001 I r . il

pur ' GQUeEEspbREk & pRsER @ oorieSEERERINE sk ur i ¢y
cyclic al kene of desired purity, and the distillation process is term nated
to | eave behind a heel f t] f...]l ess | atjle Lnmpurities. WO

2010/ 005937PCT/ Us2009/ 0489082k StaBilizatih BIRcsuE#Bon procedur e #4:
[0121]oCyclic al kene is charged into a short path distillation systemfitted
5wth a.nh ed zone, condenser_and two, recei yi vessel 5. . One receiving
Vessel | 40T gnar Ad s Be it Rt T g e ROk RSP pur i +y
cyclic algieinecychdeikene irf & esdening veees dithdd cdesiignghetadicierr aaei ving | ess
volatile inpurities. distillation is operated under inert atnosphere at

The L. )
at mos pherdfecheamary i sieblizpidd he) Grarard L MedrERiNgdsareldn on of hi gh
purity C)&bércto%blli%gﬁiefﬂﬁefgﬂabﬁiliir iMQlHé‘hlgh%uli%J EhikeB8: Ceneral Purification

Procedure #5: [0 Cyclic alkene is chardged into a short path distillation
systethfitted

EXAMPLE 31

[0126] The cyciic alkene, NBDE, is purified by empioying General
Purification Procedure #2 and stabilized with 100 ppm of 4-MCAT by employing

20 General Stabilization Procedure #1.

EXAMPLE 32

[0127] The cyclic alkene, NBDE, is purified by employing General
25 Purification Procedure #3 and stabilized with 100 ppm of 4-MCAT by employing
General Stabilization Procedure #1.

EXAMPLE 33

30 {0128] The cyclic alkene, NBDE, is purified by employing General
Purification Procedure #4 and stabilized with 100 ppm of 4-MCAT by employing
General Stabilization Procedure #1.



15 with a heated zone, a condenser and two receiving vessels. One receiving
vessel is designated for collecting the main fraction, or high purity
cyclic al kene, and one receiving vessel is designated for receiving |ess
volatile inpurities. The distillation is operated under inert atnosphere
bel ow at no¥PHEIY¥S7 essure to reduce the boiling point PET/USEE8434S ¢ al kene
to reduce or prevent thernal 20degradﬂtion during the distillation step.
Further, the process is tuned to offer sufficient separation of high purity
cyclic alkene fromless volatile inpurities.

General Stabilization Procedures 25CGeneral Stabilization Procedure #1:
[0123] An effective anmount of stabjlizer is.charged into a product receiving
vessel of a distillation systen1pk¥6 F?ldza‘i"stilling a high purity cyclic

al kene into the receiving vessel. The distillation systemis then operated
to Ba?/e t (@29 gh puthe ml/caecay«ghiepf\fablﬁ-:emepmi@aaxyterﬁmdyi:a@lad@ielrétze t he
stabilizer, as it is collected in the receiving vessel. . WO )

2010/ 0659%‘7‘B§ﬁ9“l9§é%8§?%‘4§%@”§6’5t@ g 0 PBmyates M B e maioxings -

[ 0124] An efdherd] iStgbimmibRProfecarskabi | i zer is charged into a distillation 5
system at a point between the condenser and product receiving vessel. The
distillation systemis then operated to have a high purity cyclic al kene
contact and sol ubilize the stabil ggafmiE 85 passes fromthe condenser to
the receiving vessel. General Stabilization Procedure #3: 10 [0125] A

distillatj ystem.is first oper d to collect unstabilized high purity
cyclid®al @ﬁ(ﬁl n a%flﬁ:@fc\w ﬁ’bfevgs'géb St%&'?d(?é’rﬁ”&‘i"ﬂwﬁ% Gengtalbi | i zer. An
ef f ecti veparmtutionFrotdirirs HabIdwess by SehbraNPORAEEH FrodQird 82 pael vi ng
vessel in order to solubilize the stabilizer in the high purity cyclic

al kene. | SEbzagpith 18P F{Rﬁ’l?é‘f*WE%lﬁW'%ﬁ%@@,”em%@b“i'@ﬁ@ﬁrified by
enpl oyi NngpeieRuAd #1.

15 EXAMPLE 36

[0131] The cyclic alkene, NBDE, is purified by employing General
Purification Procedure #1 followed by General Purification Procedure #3 and
stabilized with 100 ppm of 4-MCAT by employing General Stabilization

20  Procedure #1.

EXAMPLE 37

[0132] The cyclic alkene, NBDE, is purified by employing General

25 Purification Procedure #1 followed by General Purification Procedure #4 and
stabitized with 100 ppm of 4-MCAT by employing General Stabilization
Procedure #1.

EXAMPLE 38

30
[0133] The cyclic alkene, NBDE, is purified by employing General

Purification Procedure #1 followed by General Purification Procedure #5 and



Purification Procedure #2 and stabilized with 100 ppm of 4- MCAT by
enpl oyi ng 20CGeneral Stabilization Procedure #1. EXAMPLE 32 [0127] The cyclic
al kene, NBDE, is purified by enploying General 25 Purification Procedure #3
and stabilized with 100 ppm of 4-MCAT by enpl oying General Stabilization
Pr ocedur e W20 ERANPL E 33 30[ 0128] The_cyclic al kene, NI U@t i ed by
enpl oyi ng General Purification Pr oceture #4 and stabilized with 100 ppm of
4- MCAT by enpl oyi ng CGeneral Stabilization Procedure #1. WO
2010/ 005937PCT/ US2009/ 049765 57 EXAMPLE 34 [0129] The cyclic al kene, NBDE,
is purifiseshilpedenl 000 pomGErevigA TIRuermblogiay IGemePal @tebilizatio#5 and st abili zed
with 100 ppm of 4- MCAT by enpl oyi ng General Stabilization Procedure #1.
EXAVPLE 3504%{U68 30] The cyclic al kene, NBDE, is purified by enpl oying
General Purification Procedure #1 followed by General Purification
Procedure #2 and stabilized with_100 m_of 4- MCAT by enpl oyi ng Cener al
Stabilization Procedure #1. 5%@&5@8@5[33131] The cyclic alkene, NBDE, is
purifised by enpl oying General Purification Procedure #1 followed by General
Puri fi catjp@sa)Pr ocequs eyélid Akshes NBDH iig pdrifwidt by didPlopipn GdnefalMCAT by
enpl oy n%ucr;ﬁiggtrioanl Prsotc%gbrlel #%Za}olllquedz 85‘/3 rC-SOe(::w(?e(rjaLfrF’(?jri’Jﬁc:;La'ticE)%’A?'I(\)/Ic?Ie'c%r‘g’7#-é1r and

stabilized with 100 ppm of 4-MCAT by employing General Stabitization

Procedure #1.

EXAMPLE 38

[0135] The cyclic atkene, NBDE, is purified by employing General
Purification Procedure #3 followed by General Purification Procedure #5 and

15 stabilized with 100 ppm of 4-MCAT by employing General Stabilization
Procedure #1.

EXAMPLE 39

26 [0136] The cyclic atkene, NBDE, is purified by employing General
purification Procedure #1 followed by General Purification Procedure #2 followed
by General Purification Procedure #4 and stabilized with 100 ppm of 4-MCAT by
employing General Stabilization Procedure #1.

25 EXAMPLE 40

[0137] The cyclic atkene, NBDE, is purified by employing General
Purification Procedure #2 and stabilized with 100 ppm of 4-MCAT by employing
General Stabilization Procedure #2.

30



[0132] The cyclic al kene, NBDE, is purified by enploying General
25Purification Procedure #1 foll owed by General Purification Procedure #4
and stabilized with 100 ppm of 4- MCAT by enpl oyi ng General Stabilization
Procedure #1. EXAMPLE 38 30 [0133] The cyclic al kene, NBDE, is purified by
enpl oyi ng EEREYVAPSBUri fication Procedure #1 fol |l owed bYCEERWPHP49765
Purification Procedure #5 and WD 20f8/ 005937PCT/ US2009/ 049765 58
stabilized with 100 ppm of 4- MCAT by enpl oyi ng General Stabilization
Procedure #1. EXAMPLE 38 [0134] The cyclic al kene, NBDE, is purified by
enpl oyi ng General Purification Pregamwie #2 foll onwed by General
Purification Procedure #4 and stabilized with 100 ppm of 4- MCAT by

enpl oyi ng ral abi |l j.zation Procedure # 10 EXAMPLE 38 [0135] The
cyel 1o o KERET Neoe & ol BkeRed B EciiEyFR LY EEIAN CoBH | i cat i on

Pr ocedur eP#gfidaebh Gneckduye @ et atatfidedivwitat 0@ppRrod eedCrd Hoeramidyihg

stabilized with Q. ppm of 4- MCAT by enpl oyi ng General Stabilization

Pr ocedur e T?r%%éa%gmf% Fhe cyclic alkene, NBDE, is purified by
enpl oyi ng General Purification Procedure #1 foll owed by General
Purification Procedure #2 followed by General Purification Procedure #4 and

stabi | i zelPWPi h 100/Vpismvethaxe hawn B d<IBsras chee EEH naPodspamisIin zat i on
Procedur ea#derd 2REXMPIE $H8sent disclosure, it is to be clearly understood that the

same are susceptible to numerous changes apparent to one skilled in the art.
10 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.

[0140] All publications, patent applications, patents, and other references

15 mentioned herein are incorporated by reference in their entirety.



[0137] The cyclic al kene, NBDE, is purified by enpl oying General
Purification Procedure #2 and stabilized with 100 ppm of 4- MCAT by

enpl oyi ng General Stabilization Procedure #2. 30 WO

2010/ 005937PCT/ US2009/ 049765 59 EXAMPLE 41 [0138] The cyclic al kene, NBDE,
is purified by enpl oying General Purification Procedure #2 and
stabilized with 100 ppm of 4- MCAT by e&ploying 5General Stabilization
Procedure #3. [0139] Wil e we have shown and descri bed several enbodi nents
in accordance with the present disclosure, it is to be clearly understood
t hat thecsam®isare susceptible to nunerous changes apparent to one skilled
in the art. 10 Therefore, we do not wish to be limted to the details shown
and descri bedi.but A géapekiticn, shapvisihd: changes and nodi fications which cone
wi thin the scope of the appended clains. [0140] Al publications, patent
applicationsﬂagatéWF§?“§WHm§¥%%Fﬂﬁ%P%¥§ dued prchclkgpedterein are

I ncorporated @y rehenhgpG8arltRohP&lifio it rgﬁr&-at 144 &E%%@c&udgydglf%ﬂmﬁzgt' on,

conprising: (a) one or nore substitute r ‘unsubstitu i c al kehes,

and (b) an antioxidant conposition conpri$ing at | east one conpound of

Formula (1), .
R O

R? O0—H

R’ R m,
wherein R’ through R* each independently is H, C,-Cg linear alkyl, C,-Cy unsaturated alkyl,
C3-Cg branched alkyl, C3-Cy eycelic alkyl, C)-Cyg linear alkoxy, Cp-Cy unsaturated alkoxy, Cs-
Cy branched alkoxy, C;-Cy cycelic alkoxy or substituled or unsubstituted aryl, and the
antioxidant composition is present in a concentration between about I ppm and about 200
pptn, provided that at least one of R' through R? is not H, and if one of R through R* is t-

butyl, at least one of the remaining R through R? is not H.

2. The composition of claim 1, wherein one of R' through R is methyl, ethyl,

methoxy, or ethoxy.

3. The composition of claim 2, wherein at least one of the remaining R' through
R*is H.

4. The composition of claim I, wherein R? or R* is methyt or methoxy.

5. The composition of claim 4, wherein at least one of the remaining R' through

R*is H.



R2RI (1), wherein R through R4 each independently is H, Cl-C8 linear alkyl,
C2-C8 unsaturated al kyl, C3-C8 branched al kyl, C3-C8 cyclic al kyl, Ci1-C8

| i near al koxy, C2-C8 unsaturated al koxy, C3- C8 branched al koxy, C3-C8
cyclic al koxy or substituted or unsubstituted aryl, and the anti oxi dant
conposition is present in a concentration between about 1 ppm and about 200
ppm provided that at | east one of R 5{1rough R4 is not H and if one of R
through R4 is t-butyl, at |east one of "'the remaining Rl through R4 is not

H. 2. 6‘_ he comesipbiiasn 6f cighai r@iﬂeielﬁ‘hﬁ:raﬁhﬂxl@ﬁ}ﬁ u@tﬁlp&ltu&m&ﬁﬁﬂe& s
met hyl , ethy net hoxy, or ethoxy. . The conposition of claim2,
wher ei n %Ef’thb/]ebe%tdﬂ@fﬁiémb’bcmée remai ni ng R thr ough R4 is H. 4 The
conposition of claiml1l, wherein R2 or Rs is nmethyl or nethoxy. 5.

The conposition of claim4, wherein at |east one of the remaining R
through R4 i s7 H.  'Bit compositiobof clinen Lovposin ticontiofidalt abmpdsitiwhangiized he

ant i oxi dan e ﬂaocﬂl(}{on conp rises 4- nethyl-1, 2-di hydroxybenzene. 7.
The conplggtl P16 ¥ r%’fyrk?]e]izc fiherein the antioxidant conposition conprises
3- net hoxy- 1, 2- di hydr oxybenzene. 8. The conposition of claiml,

wherein the ant| oxi dant caonposition is present in a concentration bet ween
about 50 ppménd abErempgglipned claim I, whegein figantorigydicompesiern isipsisentlin

wher ein § BscCHhibk baMEENS RS0 bRA A REHA! s ghiul @ C'H211-28-yRy, in which n
is an integer from4 to , an integer and 1 < x < nl2, y is an
integer and 0 <y S 2n-2x, and each R i ndependently is Cl1-C15 linear alkyl,

C3-C18 branc d al sat ted al kyl ., -C3al kyl , G -C18 |inear
al koxy, h’g br aﬁ%’ﬁé)alpgflg chq Cﬂ‘ﬂ'éﬁ} lfg’ 8‘6%%%%?(& g@gerélignwl& ic
al koxy, G,u{mu Rgtlﬁdfhwh M@&ﬂlﬂﬁégé& %adax & 0, x 10dn Sitdpst drdut ed <si/d iycienn

cont ai ni n%ésubstl tuen he conposition of claiml, wherein the

cyclic af Flfeanlﬁié)sﬂ”hez“g@hé?%?ach&mﬁ?ﬁi“mﬁs @2}@@1”}339%}’1 pﬁrqmblélﬁfvhﬁdl s an

i nteger fir@nractainkf i Lat ! and 0 <
< o (TR e L S aats R Dy et B R g

br anchedalsdXy Cp- C@Uf@&@l‘a!mbﬁkwaﬁedfimykydz alk%y, Guigstionted promabbsyitutedCiryICas8

| i near Xy, C2-Cl8 unsaturated al koxy, C3-Cl8
cyclic gz{ullég%f,edgﬁco Cct’nl%?"“dé S‘%Sh?useﬂgsti tuted aryl, or substituted silicon
cont ai ni ng substituent. 11. The corrposi tion of cI aiml, wherein the
cyclic al kene has,lL gener al 4tor mula C'H21)-(2x 14)-y inwhich nis an
integer fromi to s, CoillpP%‘“%Eho fleigybrvherdn félt@yﬁll?alk?nel%‘s%ﬁcﬁ?léb@mdﬁd 05
y < 2n- (@,mh 1SRG Bhi mﬁ@@mﬁ feb ¥ yl 8 branched
al kyl , %ﬁ UnsAt ura]tced al kyl é}’ @0@8@§§8§| C aPE:g ra%g% tﬁl.féc?l %ar al koxy,
C3-C18 bmhaﬁ@wd%iké@p (2€22)C38! mb&lud@ma@wwk@&ygmmmm e al koxy,

substit ubs .con ont

subst i tuul;er%'?mg5 g%%@"%’s&%%&galt%egﬂ(%lhgb "E?y(% #ygﬁéﬁﬁ nca\?\/ﬁ ?3%% cyclic
al kene ilsamthed eﬁsty,(ﬂze?,@omwumdd skbegt@d § coictaiexgr Qugitaeast sting of

di pent ene, }Ehel I {Tg di cycl opent adi ene, al pha-tei pi nene,

gama- t efsHied fyhghahstitulgd SHEOB CARABINEZUBSIHSHE . t eni nol ene, nor bonene,

nor bomadi ene, 5-vinyl -2-norbornene, and 5-ethylidene-2-norbonene.
13. A process, conprising treating a substrate in a film deposition chanber
with at | east!lone Hpsompositientclaonhodicrdinthcaydiaalkiredss thergensil focoula

cont ai nI@QH 0 nqlrE r. gidlcon oxide fil,mon the
substrat €’ zﬁ\ﬂ%’ré?) R %{glc&% @agmq%cpﬁomdﬂ%e%sftlsl B m er ang n)z(%} >%ne or nore
substi t uh&@uamdlﬂhs}dbsam(ﬂmfﬁdea@y(ﬂl mdel&InHﬁﬂ@Ss Camldq lmcar aikyl C3-Cyg branched

alkyl, C-Cyg unsaturated alkyl, C3-Cig cyclic alkyl, C-Cyg linear alkoxy, C3-C g branched

alkoxy, C5-Cyg unsaturated alkoxy, C;-Cjg cyclic alkoxy, substituted or unsubstituted aryl, or

substituted silicon containing substituent.



(b) an antioxidant conposition conprising at |east one conpound of Formula
(n, R2RI wherein Rl through R4 each independently is H, Cl1-C8 linear

al kyl, C2-C8 unsaturated al kyl, C3-C8 branched al kyl, C3-C8 cyclic alkyl,
Cl-C8 linear al koxy, C2-C8 unsaturated al koxy, C3- C8 branched al koxy,
C3-C8 cyclic al koxy or substituted or unsubstituted aryl, and the
anti oxi dant conposition is present in concentration between about 1 ppm
and about 200 ppm provided that at |east one of RI through R4 is not H,
and if one of IR tiHcQkghoRboh 6f dlaldll Wiherd@h e@Askic R@QE at bRt b&MRI Ning RI
through R4 is not H 14.The process of claim 13, further conprising, prior
to the tyamayadeclediehiron by grapmepnsising gldipentenek plirdlapdraps dicorloncntadienes i r st
cont ai ne S -al, i ' i.ner, a film
Geposi 1 R B B O bt R e Ao o

conf i gureaberocwso nerbotnadiese, i5ivigyl-2anabsmenn dnd brthgiideres?-habbend.i | m
deposition chanber within the filmdeposition tool, and a stream of canier
gas to sweep the cyclic al kene 63 conposition and the silicon containing
conpound throlgh tAeresnestmisiigntatihfe sitstrilede p ot idepiitthab@ber with at  15.
The process of claim 14, further conprising, prior to the treatnent step,

i nt r oducicAy Vapwsiis aliens frmpapHionand pllet ORISR CINEINIER BOPPRING L fEBR
Containi&QhﬁﬂﬁB@?ﬁﬂc&ﬂ%ﬂdéﬁﬁhG@ﬂk%ﬁ&nﬁﬁ§ stream 16. The process of
claim15, further conprising, prior to the treatnent step, transporting the
vapors of thewhgreinithe aicke Aikeroempamisitioogompdsesi | i con cont ai ni ng conpound
into the fil epositian ch er.via the.carrier S _stream 17. The
process of cln(]g?m 15° o\l/"\hneorree?u%g%ﬁédé) u??utgftﬁ?%ggcﬁc & |e§w?7éif1§yl , ethyl,
met hoxy, or ebhoxyan antioxidantt8mpddigorptcdgeRihgait |@ktaincdhpontiasfeionmalh ()east

one of the remaining Rl through R4 is H. 19. The process of claim
13, wherein R2 or R3 is nethyl or nethoxyH 20. The process of claim
19, wherein at |east one of the ;enainigd Rl through R4 is H 21.

The process of claim13, wherei'h the an
met hyl - 1, 2- di hydr oxybenzene.
t he anti oxi dant conposition conprfises
23. The process of claim 13,, whefein t

in a concentration between 'bout\so pp

oxi dant conposition conprises 4-
The process of claim 13, wherein
nmet hoxy- 1, 2- di hydr oxybenzene.
e antioxidant conposition is present
andapodt 150 ppm

R’ R! ),
wherein R' through R? each independently is H, C,-Cy linear alkyl, C,-Cy unsaturated alkyl,
C;-Cy branched alkyl, C;-Cs cyelic alkyl, C,-C; linear alkoxy, C,-Cy unsaturated alkoxy, C;-
Cy branched alkoxy, C3;-Cy cyclic alkoxy or substituted or unsubstituted aryl, and the
antioxidant composition is present in a concentration between about 1 ppm and about 200
ppm, provided that at Ieast one of R' through R* is not H, and if one of R' through R* is t-

butyl, at least one of the remaining R' through R* is not H.

14, The process of claim 13, further comprising, prior to the treatment step,
providing the cyclic atkene composition in a first container, the silicon containing compound
in a second container, a film deposition tool containing the film deposition chamber, a
connector configured to connect the first and second containers to the film deposition

chamber within the film deposition tool, and a stream of carrier gas to sweep the cyclic alkene



64 24. The process of claim 13, wherein the cyclic al kene has the
general fornula C81128-28-yRy, in which nis an integer from4 to 18, X is
an integer and 1 S x < nl2, yis aninteger and 0 <y < 2n-2x, and each R
i ndependently is CI-C s linear alkyl, C3-C8 branched al kyl, C2-C18
unsaturated al kyl, C3-Cl18 cyclic alkyl, Cl1-C18 |inear al koxy, C3-Cl18
branched al koxy, C2-C18 unsaturated al kpxy, C3-Cl8 cyclic al koxy,
substituted or unsubstituted aryl, or substituted silicon containing

subst i t ugposition and th%@iiic?ﬁﬂQmﬁﬁiﬁﬁg&%n@ﬁu&i BEdgh 3ne WABERINnfoNE: Gie! 1 ¢ al kene
has the general fornula CoH2n-(28-2).yRy, in which nis an integer from5
to 18, xdspesifen chamdiger and x nl2, y is an integer and 0 <y < 2n-(2x+2),
and each R independently is Cl-Cl18 linear alkyl, C3-Cl5 branched al kyl,
C2-C18 unsaturated al kyl, C3-C18 cyclic alkyl, C-C18 linear al koxy, C3-G
branched al koiy, Che@i@consiatiaimaltde otk oxyprisG8: @i8 toyld ireatiabik cicy,

substituted,or unsubst.it ute | , or substituted silican. containin

subst | ¢ e RndVEBSRS etyEhe BldiecoRinp SR i s ST ghe parfARnR SO PRMETm kene
has the @epatiat gdsereatha C 11.128(28 i-4)-yRy, in which n is an integer from
7 to 18, x is an integer and x < nl2, y is an integer and 0 <y <

2n- (2x+4), each R independently is Cl-Cl18 |inear alkyl, C3-Cl8 branched

al kyl, C2- CL8)gunsajyunabes & Jithy 1 SCREBoN iy, Bl m&leGhBulsipear al koxy,
C3- C18 branched aIko%@% C2-Cl8éUnéatura%ed%gﬁ%%gl, C3-Cl§'cyéfk " al koxy,
subst i t ur@dpating Hewapers plithed yeltodlkengrrompbstion atdedi®inlconie migprigionhdg

:SUbSt' tuﬁ’lﬂ)tthe film de 05%70'11 ?;QI%P&rv(i)é: %Sar?iferC|sasltr@an]i$’ wher ern the Cyc! ic al kene
is at |least one C npoun§ JEPECT ed PO Fhe group consi sting of dipentene,
phel I andrene, dicycl opentadi ene, al phaterpinene, gamma-terpinene, |inonene,

al pha- pi nene, _3-cagrene, terpinolene, norboneng, norbopadi ene,
5-vi nyl - 2- nor Yonmend® PRARFSSQTAM |30 Sheren onsyl dndiaugh R is methyd, ethyl,

conposithgmﬂmﬁgpp&b§yng: (a) a cyclic alkene selected fromthe group
consi sting of di pent'ene, phellandrene, dicyclopentadi ene, al pha-terpinene,
gama-t er pi nene, |inonene, al pha-pinene, 3-carene, terpinolene, norbornene,

nor bomadi ene, ; 5- vifyl - 2-n , «and. 5-et hyl i dene- 2- nor ne, d 65
(b) an anti oxll83ant%&ﬁ%@ﬁ‘%%@%ﬁﬁp@?&nﬁ%43-3 ér/r(éar{eho;?;Irﬁ}elr,eﬁl-a Hﬁll?%b@?%§oﬁgi€é%e or
3- nethol. y-1, 241 hyd rox ybenzene, wherein the anti oxi dant
conposition is present in a concentration between about 50 ppm and about
150 ppm 29. The conposition of claim 28, wherein the anti oxi dant

CONPOSi ti 0N CONPI i BRSrduclBsMimL 2 wilbAUIRVKUDERZRAR1 oBRediRy.cONPOSI ti on of
claim 28, wherein the antioxidant conposition is present in a concentration
of about 100 ppm 31.A process, conprising treating a substrate in a film
deposi tion C'ﬁi'be.fm@r?%&e% o#c%gat 190 }’ncalt'lgasﬂ%%éeo'%gwcr%m%? t}’{"t’ﬁm%gﬂ' é(ati | east
one silicon containinig conpoun 0 forma carbon ope&lsl con oxi de Film
on the skibstrate, wherein the cyclic al kene conposition conprises:

(a) a cyclic alkene selected fromthe group consisting of dipentene,
phel | andrene, dicycl opent adi ene, al pha-terpi nene, ganma-ter pi nene,

| i ronene, al pha- piTiRMRsceds SRNARNEL3, WAERINBL 8RR xiNAT BAARNRRIoneHPALR_ene,

5-vi nyl - 2- nor bonene, ‘and 5-et hyli dene-2- norbonene, and (b) an

ant i oxi dapfylcbAdsidraxyhesndr i si ng 4- net hyl - 1, 2- di hydr oxybenzene or 3-

nmet hoxy- 1, 2- di hydr oxybenzene, wherein the anti oxi dant conposition is
present in a concentration between about 50 ppm and about 150 ppm 32. A
process, conpa. si rljie process of claim 13, wherein the antioxidant composition comprises 3-

methoxy-1,2-dihydroxybenzene.

23. The process of claim 13, wherein the antioxidant composition is present in a

concentration between about 50 ppm and about 150 ppm.



storing a cyclic al kene conposition in a sealed container for at |east 6
nont hs, and after storing the cyclic al kene conposition, using the
cyclic al kene conposition together with at | east one silicon-containing
conmpound in a chem cal vapor deposition process to forma carbon doped
silicon oxide filmon a substrate, wherein the cyclic al kene conposition
conprises: (a)one or nore substituted g unsubstituted cyclic al kenes, and
66 (b)an antioxi dant conposition conprising at |east one compound of

Formula (1), 24.  The prideed 6 daildl 1% RimenanihRév@R G nRALP@B I8N oing 4T O - C8
| i near al kyl, C2-C8 unsaturat ed al kyl, C3478 branched al Kyl, ¢3-C8cyclic

al kyl, CHitgacRiribamdl e ey Integer 8B dhipakBy K At @HingIeRos0f, | €3=018 s anched
al koxy, (G o RarfUPL G ALKOYNG Olen FURSEALULRR i0C NSRS Mk 84 Arhncigd L e

anti oxi dant’ conposition I's present i'n a concentration 1 ppm
and aboualkg@00:- ﬁmnnsgmmmddé@u(ha&sawcihcedkyl On€ dineRl alkduyo GgHT | Réranchedot H
and if o

v ough Mios Chgin RSl i b resheus Bspr Sy S Faam iy e, oF

conpri si fikstituted silicagldobm@nmp saii@xt. dant conposition conprising at | east one
conpound of Forrmula (I) to the cyclic al kene, R2RI wherein R
t hrough R4 each independently is H c¢1-Cl 8 linear alkyl, c2-C8 unsaturated

al kyl', ¢3- (2.8 brafched.al (Kfyaialmq?;e' WhSRHEhE @y@icmeﬂe ﬁ!’;ls t@xg ﬁe'?ﬁ%mﬁh#oxy’

a 2- c8 unsaturated alkoxy, C3-c8 branched alkoxy, cycl IC koxy or
subst i t uEdttn-ar2yRsubshichutiedn atgder framds hld, amt arumte@amndomm@sytsu an i s

present | nt bet & ab m an bout 0
provi dedm%%grtanggf f e?rs @Xﬁ)o?n%? ro(ﬁ;C Cn%ﬁlﬂ?és ﬁb’& e, ad%ﬁ Cbﬁé‘ of RI
thr ough Béndhed bRPUIYHIC,; atisalue@sd alkpie C9IC § helic engi, mir[gg Rieak Bikexght; R4, i s not

rocess of claim 33, wherein adding at |east one conpound
of For rrulFré“?AhFﬁi @Sh’gr(;%(elé "(‘%‘}“ré‘(i@?}rlf@xff’l% Gis cydigsk Oéﬁesuéé}ﬁﬁﬁéﬁﬂ of Fornul a

(1) in auﬂeﬁEsQithd‘erV%?%siiiu&d%ﬂ?@oﬁtcbﬁthfﬁd!%'ﬁb@tif%d?m for purifying the cyclic
al kene, and (b) distilling the cyclic al kene through the distillation

systeminto the receiving vessel.

26, The process of claim 13, wherein the cyclic alkene has the general formula
CuHan.x+4)4Ry, in which 1 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 independently is C,~C; linear alkyl, C3-C;g branched
alkyl, C,-C g unsaturated alkyl, C;-Cyg cyclic alkyl, C-Cg linear alkoxy, C3-C\g branched
atkoxy, C;-C g unsaturated alkoxy, C3-Cix cyclic alkoxy, substituted or unsubstituted aryl, or

substituted silicon containing substituent.

27.  The process of claim 13, wherein the 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-norbomene, and 5-ethylidene-2-norbornene.

28. A composition, comprising:

(a} a cyclic alkene 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-

norbomene, and



35. The process of claim33, wherein adding at | east one conpound of
Formula (1) conprises (a) adding the at |east one conpound of Formula (1)
at a point between a condenser and a receiving vessel in a distillation
system for purifying the cyclic al kene, and (b) distilling the cyclic

al kene through the distillation systemso that the distilled cyclic al kene

passes fromthe condenser into the recgiving vessel, thereby solubilizing
the at | east one conpound of Formula ( % in the distilled cyclic al kene.

36. The proceg$a@hntflxaiam @dpodieh ebRpAdel Byl 1?@@1’@1}/@1@%%&9%@% d. of
Formula (I) conprises (a) distilling the cyclic al kene through a

di sti| | amedargystdhydraxpeacnecei vi ng vessel, and (b) adding the at |east
one conpound \%ergig rtﬁ@’érﬁ‘iogdd)cmt' c%{n?)ogihgn fGir&dedd D c\éﬁ‘(?e%?rk\ﬁon between about 50

ppm and about 150 ppm.

29.  The composition of claim 28, wherein the antioxidant composition comprises

4-methyl-1,2-dihydroxybenzene.

30.  The composition of claim 28, wherein the antioxidant composition is present in

a concentration of about 100 ppm.

31 A process, comprising treating a substrate in a film deposition chamber with at
least one cyclic alkene composition and at least one silicon containing compound to form a
carbon doped silicon oxide film on the substrate,

wherein the cyclic alkene composition comprises:

(a) a cyclic alkene 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 S-ethylidene-2-
norbornene, and

(b) an antioxidant composition comprising 4-methyl-1,2-dihydroxybenzene or 3-
methoxy-1,2-dihydroxybenzene,

wherein the antioxidant composition s present in a concentration between about 50

ppm and about 150 ppm.

32. A process, comprising:

storing a cyclic alkene composition in a sealed container for at least 6 months, and

after storing the cyclic alkene composition, using the cyclic alkene composition
together with at least one silicon-containing compound in a chemical vapor deposition process
to form a carbon doped silicon oxide film on a substrate,

wherein the cyclic alkene composition comprises:

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



60

(b) an antioxidant composition comprising af least one compound of Formula (1),

/H
R? 0
R’ O—H
2 1
R R (n),

wherein R through R* each independently is H, C;-Cy linear alkyl, C,-Cg unsaturated
alkyl, C3-Cy branched alkyl, Cs-Cgcyclic alkyl, C-Cg linear alkoxy, C;-Cy unsaturated
alkoxy, C;-Cyg branched alkoxy, C;-Cg cyclic alkoxy or substituted or unsubstituted aryl, and
the antioxidant composition is present in a concentration between about 1 ppm and about 200
ppm, provided that at least one of R' through R is not H, and if one of R! through R* is t-

butyl, at least one of the remaining R’ through R* is not H.

33. A process for stabilizing a cyclic alkene, comprising:
adding an antioxidant composition comprising at least one compound of Formula (I}

to the cyclic alkene,

/H
R4 0

R3 O—H
R’ R! ),

wherein R’ through R* cach independently is H, C;-C linear alkyl, C;-Cg unsaturated
alkyl, C3-Cg branched alkyl, C;-Cgcyclic alkyl, C-Cg linear alkoxy, C,-Cg unsaturated
alkoxy, C3-Cy branched alkoxy, Cs-Cg cyclic alkoxy or substituted or unsubstituted aryl, and

the antioxidant composition is present in a concentration between about 1 ppm and about 200



67
ppm, provided that at least one of R' through R* is not H, and if one of R through R* is t-

butyl, at least one of the remaining R' through R* is not H.

34, The process of claim 33, wherein adding at least one compound of Formula (1)
comprises (a) adding the at least one compound of Formula (1) in a receiving vessel in a
distillation system for purifying the cyclic alkene, and (b) distilling the cyclic alkene through

the distillation system into the receiving vessel.

35.  The process of claim 33, wherein adding at least one compound of Formula (1)
comprises (a) adding the at least one compound of Formula (1) at a point between a condenser
and a receiving vessel in a distillation system for purifying the cyclic alkene, and (b) distilling
the cyclic alkene through the distillation system so that the distilled cyclic alkene passes from
the condenser into the receiving vessel, thereby solubilizing the at least one compound of

Formula (I} in the distilled cyclic alkene.

36.  The process of claim 33, wherein adding at least one compound of Formula (1)
comprises (a) distilling the cyclic alkene through a distillation system into a receiving vessel,

and (b) adding the at least one compound of Formula (I) into the receiving vessel.



