ADDI TI VES TO PREVENT DEGRADATI ON OF CYCLI C ALKENE DERI VATI VES
BACKGROUND OF THE INVENTION 5 1. Field of the Invention [0001] The
present disclosure-relates generally to cyclic al kene conpositions
that exhibit stability to air. Mre particularly, the present 10

di scl osure is dADBIYYES TO PREVENT DEGREDAEION OFiCHCLISt ALKENEed Wit h
one or nore antioxidant conpounds to reduce or elimnate residue
formation upon evaporation of sSuQERIAPWES i ons, and nethods for use
of such conpositions to formdielectric filnms. is 2. Background of
the Invention [0002] The sem conductor industry requires numerous
types of thin and thick filnms to prepare sem conductor devices, many.
of which ar |Ammbgnosmkrmgqnvﬁm|@ﬂenent al conposition of these
films is typically sone 20 conbination of silicon and carbon with
vari ous ¢onbi nati ons of oxygen, hydrogen, and fluorine. In United
States Patent No. 6,914,335, Andideh et al. teach how | ayers can

di ffer and gqapideofipethvbatiordi fferent purposes, while in U S. Pat. No.
6, 846,515, Vrtis et al. teach ranges of silicon, oxygen, carbon and
hydrogen for dielectric filns preferred by the sem conduct or

i ndustry. A 25 frequently used process is chenjcal vapor deposition,

and there al¥0Limer odbe praseat Jisriesuss relaipsognasalivda cygls Pn a typical

chem cal vapgh éﬁm@ltﬁat%ahxeﬁ%sm@ to%lrs'l\kdréﬁﬁmﬁéﬂaﬂ)a'tiﬁé p@sempound i s
i ntroduced |nto a deposi tion charber contal ni ng substrate to be

coat ed. Whedispiopuss diriad thickeficclmpeedvatves fia '“é%\“ﬁﬂé ane or gpre

physi cal | y ahﬁc%ﬂa\: éémﬁ‘oundé eRfelace B énmﬁét.@t—éwueqsmmﬂmponor A
subjected to application of an_energy source such as radi ation, heat
(ther mal CvByapasation of such compositions, and methods for use of such compositions

to form dielectric films.

15 2. Background of the Invention

[0002] The semiconductor industry requires numerous types of thin and
thick films to prepare semiconductor devices, many of which are based on
silicon. The elemental composition of these films is typically some
20 combination of silicon and carbon with various combinations of oxygen,
hydrogen, and fluorine. In United States Patent No. 6,914,335, Andideh et al.
teach how layers can differ and can be used for different purposes, while in
- U.S. Pat. No. 6,846,515, Vriis et al. teach ranges of silicon, oxygen, carbon
and hydrogen for dielectric films preferred by the semiconductor industry. A
25 frequenily used process is chemical vapor deposition, and there are
numerous variations of this process.

[0003] In a typical chemical vapor deposition process, a silicon
containing compound is introduced into a deposition chamber containing a
30  Substrate to be coated. The silicon containing compound is then chemicaily
or physically altered (i.e., reacted with another component, or subjected to
application of an energy source such as radiation, heat (thermal CVD), or



pl asma (PECVD), etc.) to deposit a filmon the substrate. Deposited
films containing only silicon and oxygen (i.e., silicon oxide) have a
dielectric constant of approximately 4 in the absence of pores, while
films that also contain carbon (i.e., carbon doped silicon oxide)

and/ or pores often have 5 dielectric constants |ower than 4. Filns

Wi th a di eldasma PEVBY atn) theepesitabiimtonthg sabsirape. e Depesigdifisns newer

sem conduct Qr i - Y/ : . j.de exanpl es
of chem cal &’\%Eﬁﬁpr(é §§'§§£‘F$‘P gﬁé?’gg’%ﬁﬁ(? d\eéélfaggggélfigméﬁ}ieca @%‘%g”gnt s, and
exanpl es ofconstansoftdparoximetelyesintixbaimence vhpores nitdle fithicthet albodust ry.

10 [0004] Th I.O Les O I Ji such as
di'el ectri c DBAT ERpoh il riardin bbE iR SIS Bofy Boftg Hheh Pafe

i nfl uenced diglecttiangnsignts hever thgpos i Kilnerwilif a tietectivaonsianibalbvaebey f ed
into the fi eposi ti 00l _an , i
proper t es £AR TRERAIoL ) T RO b0 R RRS PG e Nt L
cont ai ni ng aloprpeide éxixyples iohgheaichl vhporeiep oditionwteghrsiqudsy diefEchiy one or
nore different, reactive €S, . 0r b S| zde It nneal

t echni ques. “RED e?nﬁgéﬂgsé% 05?1?185‘?5}{?ﬁeeb‘%%g@%éﬁ%p%ﬁéoedggﬁgﬁt 0 use a
conbi nat i onindfistsi | i con cont ai ni ng conpounds or to conbine a silicon
cont ai ni.ng conmpound(s) with one or nore additive conpounds. These 20
t echni ngs can be enployed to alter the chem cal conposition of the

filmto adjep4ax he firhaptopeties ofledyeedeppsiirbon heabsttats.sublats Nos.
323, .herein

6, 633,076, 6,2176,58, 6,159 871, 6,479, 110 d 6,75 ,
i ncor por at e@eéﬁtr'f:é‘?@#@%:éﬁ‘ %r@@és&g&ﬁﬁ%@%ﬁ %HBW F¢ I'rﬁmuﬁrf’cﬁgé)ryti es are
F0005] An ol oy ot o o T e DAt iy comoound e o
n alternatjve netho S r the itive, cogpound is to

el oy compBaIRIE GRGeEr SgmaHed She inirratics i OF LR By apmata

i dentsi ntHehigeritity dhthd Bilicdn damtataing bempaskl-tynaiigesldifferedt flovegad)
;legmeaﬂtlél gt at,orrlgl out ofC r1 e f{' Iﬁusi n raﬂg'r ati.on o?rda Co())vegi ngti on
o Sadi at i ohy IR0 PaSEt roie GSett edtlR 38, 8 b B pSTtRoPRERL Vo as
i n the resubfniga@techhiques mnstheppieanstd aicteibt sayehpropedipeid foase(@e. g.

dielectric constant) of, the deposited fi|lm .The compounds enpl oyed in
this manner CYpRIn fisiean 8%“%’8?‘8&8“@9”“%6%5% 'ng‘lslﬁ%?'oggﬁs ﬁsed

in this typeorininpRoaROINEELwilt GEHGH Mereeldditice epopeshdsl Thasdon and
hydrogen. Exanpl es of sone of e classes of cycli G al I§ ne. ¢ gpounds
of i nt er@st ©BBNIgHeS, GRAIHRE gMRIY @r?‘tﬁé@"elcﬁ’eﬂ'cg.[ c%a;eqs IREL ﬁbe gqu 515 and
6, 756323. Sadjust the film to the desired properties. U.S. Pat Nos. 6,633,078, 6,2176,58,
6,159,871, 6,479,110 and 6,756,323, herein incorporated by reference, give
examples of how film properties are affected by changing deposition
parameters or component mixtures.
23
[0005] An alternative method of use for the additive compound is fo
erhploy compounds whose fragments or atoms are only temporarily resident
in the film. The film can be post-treated to drive the fragments or atoms out of
the film using radiation or a combination of radiation and reactive gases, such
30 as oxygen, to create voids in the resulting film. This approach affects the
properties (e.g. dielectric constant) of the deposited film. The compounds
employed in this manner are described as porogens.



[ 0007] H gh vol ume sem conduct or manufacturing places stringent
demands on the equi prent and on the purity and stability of the
chem stries that fl ow through t he equi pnent. Even trace anounts of

sone conta ts ¢ radethe erties. of a deposited film A
cheni cal WA‘?&?S sen'mfé‘ ?WP%WS@H%&%{YPET?%@?" g € vapori zer neans

i's expect e?rédbniuﬁﬁé@@:@ﬁipo@é@oﬂcﬁﬂmﬁﬂ rytegehy Eaatiplesa¥somebithd 1ittle
or no resi
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(such as, trpscpﬁamgtﬁsahmgﬁsvsmm or a vaporizer neans that is
foul ed or cl ogged Wit h pol ymeric residue), the nore 15 productive the

tool is,making it nore cost-effective. A deposition tool that nust

be shut dogﬂomten fmgmbemmm@m&m&mﬁa@am Slabad st@wgedppeal i ng
t o sem conduct or, manufacturing custoners Q%tﬁbw%ggtr nyous,, .l ong term

oper ati on demaRds phiif equirmertiandpndhe RRHAT dhecliemis{Eeside

several tynpgst iy H@REA 'tiﬂ?@édlﬁfﬂn@rﬁpﬁﬁréﬁ Hﬁ&samd)m&. Uﬂédﬂ& cotdmifgts! i m ted
to, heated 20 vaporiZers (see U.S. Patent Nos, 4,492, 5 882, 416,

5, 835, 678, cendieged@ﬂlémewertﬁépéa ﬁ?posﬁa%ﬁlrrbrA %%BGPBEE‘(% gnty s, Pat ent
Nos. 4, 979, {Rébagh éhe%%alelrﬁ%s aRd avhpSHer meafdié, é?:ggcteétog@@nsﬁgﬁ aAdd

references therein), evaporators (see U S. Patent . 5,536, 323
and ref eren@@gnam@rlmn%mvwghmd@lwm@ﬁeeeguogeeﬁe@d Ysgt ent Nos.

5, 451, 260, 'ﬁ're?izg%e?%dprec@ @f%au‘iéﬁ@ntga% @é%té%&ﬂe%ﬂ%%ﬁe&d?&{&* n).

[0008]These purr and requirenents are often difficult to
achi eve. raaigtemayc%szwmdﬁ &sucb@ﬁytﬁérqaﬂé% eheraigallisagerd o sone

degr ee. e\ra 3 'm@éﬁe%tfrs fairre‘al&:Eloey&rmvﬁé@manaré@.muepwha@bI e for

30 many sem con uct or applications.

[0009] 113, spraducsive Hieeteplis.cpaing b morassastREprive TRIPRpsitian ool that
representat r'n%ﬁ g@l shlC @St f I@Pbre&[&@maﬂtémhe@;m abappearheysed to

produce | ow el ectric 1s an exanple of the difficulty in
mai Nt ai ni ngeengeQIBUFtor inanpfacturing curipRerso TEYE.AINTIRYPUS PG IArE

manuf act uri e AAGE Eaﬁgmggﬁs RRGREE YaBridel Fhe@h@@é'ﬁ Fnc%e |sb'§l=£iaiat

different points in osition process, incl ng the chem cal
li nes, vapoWP%l%CDﬁVGEPNZa’ﬂDh@QParéWGeWRQH—ICﬁW; hut ﬁ%ﬁ@ﬁ?@ F%ﬁe%tﬁérrber Thi s

d t t t, 5 d
L e
Appl i cat i onrefamqeeamergm) mbblzoamapmewéeeu $1Patert NesuAS70546.
anti oxi dant g,yeseg i g ébgefr:,fs%?tobies 66» ?éﬂaéﬂd He?e?eﬂ%égﬁ%r@lﬁ 'ﬂQ@t} i at

exposure to air, spécificall or exten eri ods
anbi ent or @raeomt@d (seerip&: ﬁ’ﬁtﬁﬂeelo W%ﬂnddﬁf@emeséherm ankd TMCTS

i's used now.in.sERHRENS Ik UBNSEERINGS| BY51,260, 5,372,754, 6,383,555,

25 and references therein).

[0008] These purity and stability requirements are often difficult to

achieve. Many materials may oxidize, polymerize or rearrange to some

degree. Even small amounts of such byproducts may be undesirable for
30  many semiconductor applications.

[0009] 1,3,5,7-Tetramethylcyclotetrasiloxane (TMCTS) is a
representative silicon containing compound which can be employed to
produce low k dielectric films and is an example of the difficulty in maintaining



10 processes are nore stable, and gel formation in a deposition tool
I's reduced significantly. [0010] Nor bornadi ene (NBDE) is an exanpl e of
a cyclic diene of ;interest for use as a porogen primarily due to the
bond strain in its structure 15 and its tendency to undergo thernal
reactions t &tabiitymivitalaark to erieldish seliablpinesnufredring RreeaSSEs Was Pat ent

Nos. 6, 846, Rih.- 6 iR : Nﬁ%

simlar cyc?%@p%rfgggﬁh%é&%gttq%@@g%gglﬁeégg%ﬁn%ﬁﬁ%%%ogr|1 to?g%}’her

pol yneri ze #nclugingdhe ehentioalifingg, wapghdaiivens lliaes. laad wiinghe depesition

volati ity GRbabd:ahicHilichiclTat fle JBYIP 8 phE TRRITPHES hik dfRidnyCl | C

al kene 20 nononer. reaction can cause significant degraddtion of
the cyclisc ahiterveriely of additines ware stugieddy Teflied l. in ¥.Se Rgtend Applisatiotbom

t enper at ur e, L h O , ﬂm L solid
products i nﬁuhg&é%'legggﬂe&ﬁﬁgaz%n %Fi‘ﬁjs“ H§+ aﬁalni | caﬁf?% ?anéotélamﬁadi |y
appar ent on effectivalto stabifize TMET S2R1dinst exposuiedo RipBPecEicalyapygen.éef. Thi s
can result i [ f . ' | % | zer means
as the vol ateﬁegﬁ%@lolﬁ% o@@rg%g} é{}@gﬁﬁ%@e\ﬁl‘(@# ﬁ'@e{‘sagl#r?%cgﬁ%bea of the
vapori zer neatisidant-stabilized TMCTS iposad iveintdesticcanuttor smvuactsring,

Vapor i zelb BB s 7 BT FEREr hhd ey Bealn FYGRENE ol SRR 7

anpoul e i s Ifpndicpityyed as the vapori zer neans, oxidation products

could initiate a polynerization process, causing the entire contents
of the bubbler to polynerize and block the flow gas inlet line. This
i s especi al [[§010jue wiNdbdrobdiere NBDE) s an exaopistohatcyglichdieriesaf t 0 assi st

t he vapori zation process. The only renedy js .t | | d clean
or repl ace gpgre ff@%'dstee%s 688&99?9&‘*%@%&{W%ibc?ﬁdg{sfg@z'?@gg‘é‘gﬁ“ﬁg and
time congumang.its fafdehyy foasderyoathernall saactiorsdo demmvdldtilometssialsi vibeh

chem cal |ines d val.wves, becong It At volatility

ol d. 5 [ooesme s Eait RBEro PHEELE PytToudm vy Sy

predi ct abl e e, 793).i NBOE pnaodivrdiascycinalkerd derivetivaesican reactwithccept abl e
for high vol une sem.conductor nmanufacturing,. r 1]
necessary L PRI R R e o o, S nich LB eRUBL walont Faver
prodluct does:ohmﬁtyaamérlajs akich mEyse nchyrriah e solabis frottie dyclimalkdre cheni cal
supplier to the end-puse pr.ocess, even ter .10 exposure to.various
condl t§ offs. s THETeRen Fn Spseerran cpdalRE R iRie o f1er s
consi der abl yalifehemvehitme keveh stteybrief alrbgpasute strooradatpémtung conpounds
typically enployed, so it is not obvious that the sane conpounds t hat
stabilize the silicon containing compounds will stabilize the cyclic
al kene conpquofiy. NBDE forms highly soluble, low volatility solid products in the

presence of adventitious air, which is not readily apparent on visual inspection
25 before the NDBE is evaporated. This can result in accumulation of the solid
product in a vaporizer means as the volatile NBDE is evaporated away. if the
surface area of the vaporizer means is small, it is possible that small amounts
of residue can hinder the evaporation of NBDE, eventually causing the
vaporizer means to clog with the low volatility solids. If a bubbler ampoule is
30 employed as the vaporizer means, oxidation products could initiate a
polymerization process, causing the entire contents of the bubbler fo
polymerize and block the flow gas inlet line. This is especially true with
bubblers that are constantly heated to assist the vapotization process. The
only remedy is to disassemble and clean or replace the affected vaporizer



15 [0013] TMCTS is believed to ring open and polynerize in the
presence of oxygen. Further, TMCTS has Si-H bonds that are reactive
wi th nol ecul ar ‘oxygen: (see U.S. Patent Application Publication No..
2004/ 0127070 and Pat. No. 6,858,697). By contrast, NBDE will slowy
ol i goner i ze mgpnshwhigh issvame eostiy apd dime, cobaiming. wefety SBHESRIR al$8® t he
ring structuyl; | Fid AHe T J L I .
Wer e TI\/CTSLb(r(:)Q%érgé r%%t“ g% po@%!lﬁ%eé@%éggﬁeﬁgﬁﬂgk?gmﬁ? l'ine
upon exposurvglatitygplid. NBDE i nstead fornms a highly soluble, nediumto
hi gh nol ecul ar wei ght and |ow volatility oligonmer that is not
apparent upon visual inspection, or easily detectable by gas 25

chr omat ogr adA1IGC) . Thessamiehndubter indusirnt ieayires stglesrredisirblegatect ed
when the vol gl [ . Welee ' the | ow
volatility oF?ilidgbl(l)%%ljrgs. |'@f§¥%@%@éﬁﬁs gl m g@bieng?'\e/@?gﬁgbgrge soneti nmes
stabi | i zed wenticanduictoxindaufasturisgichhereforsy itys eeasgsary i Bxd/a sleaeat  al so
known as 2, 6.4di. K - ) L ant
LSM 171779 No7 %Z}eﬁ“é%‘?Eeﬁ%e’%g'é%éh#@gfpﬁ%%ﬂ%ﬁ%eg%éfﬁg&%d&??@ﬁgsc?%‘g{”gg
Nunber B3, 3&ar8port Fhim theovemicaltsupplied dmthe endruse ipespessveniafiels have

very high boj]i ' w QL eXa h L) ] | HT is
265 C, whl Che%pg@%ﬁgggﬂogglcgﬁ ]té%uggb‘?ﬁ\’%' ‘?]se lpﬁz?tédg)i %ﬁﬁo‘?ygg% ?%/mgr eat er
boi | i ng poi ndontgvands tiffersabnsiBBEbLlyrions thei dhamistitof theadiiicon comfainmgnakes

t he vaporizatjon pLo ver i ffi t

conmmonl y- us e A 9&&@%%{‘!'5 rg%ffgﬂé%ghﬁt g% hOtacf%gﬁrr)ngEl%aﬂhge% r e%pl?%ouggsi n
i ncor por at edihardtabilizeche sificari ¢omthining cofhpogndssuil $tabilizenthie cyglisglkene
Regar dl ess of thﬂ%“ nti oxi dant chosen, they are commonly added at

concentrati ofig’ >02 to 5 0.25 wt % (200 to 2,500 ppm, but

addi tivesscan exceed this anpunt when the manufacturer wants to
i ncrease she i fe. G nufa ers. pref : ﬁ_l_;” eto
its | ow costtoh#a]’ avai ﬁggﬁﬁl :?bgl%%@ﬁrﬁé’gg%ean?&%é\grﬁﬁrfggﬁig\% 0 n,? %ese
addi ti ves aref dxygdrerFurthan TAAETS bas 864 boeds thahaleceantive with osaesuldsecause
hi gh concentrations qf .agi; oxi dan by L S urity
of the to po?’S’&gﬂ ?%38%&P%‘ﬁegﬁfkfgﬁiﬁé@%‘%ﬁbé'ﬁ%%}qgﬁo%?g%’%@ﬁ@ghsa tn\t/}m%ﬁP al so
| eave behi ndNgr&as&637 mBynbatradt, NBBE dulbs!owly tofigorenzerin et prosence of
equi prent,, which, ad ot he .cl eani d in ts
associ at égl V\Flf'ﬁ)uf ﬁ@’ﬂ@?@ﬁ?{%ﬂd tﬁ%ﬁ&? S@%Cﬁi}s%ir?ﬁrﬁg’ﬁ'sﬁ)nﬁ%%gggq&% [ 0015] Thus
the prior arblighaesizatizn pfecsssi Béhene MIGTIS dami dompiptald gplymedzewis b gel

inside a chemical line upon exposure to air, NBDE instead forms a highly

soluble, medium o high molecular weight and low volatility oligomer that is

not apparent upon visual inspection, or easily detectable by gas

25 chromatography (GC). instead, the resulting oligomers are detected when the
volatile NBDE is evaporated away to leave behind the low volatility oligomers.

[0014] NBDE and similar materials are sometimes stabilized with
antioxidants, such as butylated hydroxytoluene, also known as 2,6-di-tert-
30 butyl-4-methylphenol (BHT), (see Clariant LSM 171779 Norbornadiene
Specification Sheet and Aldrich Catalog Number B3,380-3). The known
antioxidants for these materials have very high boiling points. For example,
the boiling point of BHT is 265 °C, which is undesirable because this is a
significantly greater boiling point than that of NDBE and similar materials,



sui tabl e atom c conposition which can stabilize cyclic al kenes from
ol i goneri zation or other undesired reactions. SUWARY OF THE
I-NVENTI ON 20 [ 0016].The present disclosure provides a stabilized
cyclic al kene conposition conprising: a) one or nore substituted or

unsubst i t ut eghigy Glakes H\RIPBAzatB Qrc?eé@av@rp dmmt%b&ﬁm SemRosi tion

conprising at | east one conpoun Formula (1), wherein the
ant i oxi dant m@@v’ws@%am@mgwﬂﬁo ¢antain atomeaiat dasiregiio Betitheen 1 ppm

aarf 280 agpm;ag&ﬁ r‘@fglﬁf ﬁtd‘théﬂaeb&ﬁtee'%ﬂ@g%meﬁﬁbg (Qdﬁ%eaféﬁé},%'oyﬂﬁeh'*

anched, or cyclic | i near, branched,
or cyclic al mwldant chosen.ithey arg cgmngmﬂmd%gﬁ eencentratiops ohPOR te he
proviso thatg %vtfu%\e@ tbeﬂbéo 2%@’ IB&it tw% lcHR B e TR BiiolRT Wi fie

boi li ng p0|nt The present disclosure
further pr ovmaa@%aturﬁr@@@&tou@rﬁ@eeﬁ (err ?@n*amlmuwtﬂwgmf@rmf or

formng a | aygys Blcﬁ' dﬁ@?@ﬁ@gﬂ%@% é\la‘ﬂ%\htg r-lgﬁreé?f} e WBh&nirafitiR gFr ocess

conprises the steps o kene conposition in a
cont ai ner, athes¢ ndditivasmare éJIQhBht}jlaC dﬁ?jtﬁqirfﬁr sanigorsbipton pHPpsesa begause

deposition tp coﬁcénkﬂamﬁs%%meae;aan@wﬁa@@ 5 ‘éﬂﬁé&'tﬁb @M oft’hlam
g sl e

deposi tion todl, "a neans for connecting t ont ai ne the film
deposi ti dn chempen cuhpositions ditgse highem@gntfat@ns widiso lgawy b@m of

carrier gas b fRAR h&%f?%ﬁ%%%rﬁhg%ggor&%ﬂ&%% lirAehtAAch BBgStolthé On

cont ai ni ng cdnpoun rou e connectin
deposi ti on chiashiag an@mtraewiggtcp@ts @associated with the chemical vapor

deposition process.

15 [0015] Thus the prior art does not describe a lower boiling additive with
suitable atomic composition which can stabilize cyclic alkenes from
oligomerization or other undesired reactions.,

SUMMARY OF THE INVENTION

20
[o016] The present disclosure provides a stabilized cyclic alkene
composition comprising:

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

25 b) an antioxidant composition comprising at least one compound of
Formula (1), wherein the antioxidant composition is presentin a
concentration between 1 ppm and 200 ppm, and whereln R* through
RS can each independently be H, OH, C4-Cg linear, branched, or cyclic
alkyl, C1-Cg linear, branched, or cyclic alkoxy or substituted or

30 unsubstituted aryl with the proviso that the components of the
antioxidant composition have boiling point(s) lower than 265 °C.



15-within the filmdeposition chanber of the film deposition tool; b)
i ntroduci ng the vapors of the cyclic al kene conposition and the
silicon containing conpound into the carrier gas streany c) ,
transporting the vapor of the cyclic al kene conposition and silicon
contai ning conpound into the film depositiqpschanmber; and 20d) using
one or nore energy neans, to form a*garbon ;%oped silicon oxide film
on the substrate, wherein said cyclic\al kene conposition conpri ses;
1) one or nore substituted or unsubstiTUurted cyclic al kenes, and 252)
g oa ne ygonp d of
Formula (1), wherein the antioXidant ogi tionh i S present in a
concentration between 1 ppm and 200 p :
can each independently be H OH Cl1-G8 linear, branched, or cyclic
al kyl, 01-C8 linear, branched, or cyélic akgbxy or substituted or
unsubstituted aryl with the proviso that the conponents of the
anti oxi dant conposition have boiling point(s) |ower than 265 C. BRI EF
DESCRI PTI ON OF DRAW NGS [0018] Figure 1 is a representation of a film
deposition tool used in the sem conductor industry for use with the
conposi t i ons[Mdébr di nghe praseat Gedesir futbedprovifies a pEOceshayied awyclic
i ndependent i . i ) i r.SOrs.
[ 0015] Fi g e B I B e SR e e s i n
the  seni cowalgst Bhe progass egmprises thwestops ¢f t he conposi tions according
to the present 15 disclosure, where a single vaporizer neans is used

wWth two separate precursors. DETAILED DESCRI PTI ON OF THE | NVENTI ON
a) providing a cyclic alkene composition in a container, a silicon

containing compound in a container, a film deposition tool, a film
10 deposition chamber within said film deposition tool, a means for
connecting the containers to the film deposition chamber within said
film deposition tool, a stream of carrier gas to sweep the cyclic alkene
composition and the silicon containing compound through the
connecting means into the film deposition chamber, and a subsfrate
15 - within the film depasition chamber of the film deposifion tool;
b) introducing the vapors of the cydlic alkene composition and the silicon
containing compound into the carrier gas stream,
¢) transporting the vapor of the cyclic alkene composition and silicon
containing compound into the film deposition chamber; and
20 d) using one or more energy means, to form a carbon doped silicon oxide
film on the substrate,
wherein said cyclic alkene composition comprises:

1) one or more substituted or unsubstituted cyclic alkenes, and
25 2) an antioxidant composition comprising at least one compound of
Formula (1), wherein the antioxidant composition is presentin a
concentration between 1 ppm and 200 ppm, and wherein R!
through R® can each independently be H, OH, C4-Cs linear,



20 [0020] The sem conductor industry requires nunerous types of thin
and thick filnms to prepare sem conductor devices. A frequently used
process to prepare these filns is chem cal vapor deposition and there
are nunmerous variations of this process. in a typical chem cal vapor
deposi ti on process, aranthsdoor cadit akylj DgCg limgaoumandhed] ot ayokhuadieakyi nt o

a deposition chanber 25 containing th bstr e ted. The
silicon containing co‘?‘Fpsb'ﬁﬁt&“Weg qﬁgﬁ”béﬁtgfﬁ%ﬂllvﬁﬁﬁgpé gh@’éﬁ%ﬁ%t@e al tered
(reacted w th anot hercopgrgpenidf theantdiidpstcoaposition havd beifrigyrindfs) an
energy source such as rad{ at i %g_,opheat (thermal CVD), or plasma
(PECVD), etc.) to depB¥pt thgRe iFmon the substrate. 30 [0021] Hi gh
vol unme seg conduct or manufacturing places stringent demands on the
filmdepositjon . equi n rity and stability of the
chem stries ?R&F&F%WQ&Q&F%‘&MWHL Even trace anmounts of
sonme contam nants can degrade the properties of a deposited film A
chem cal that is sent_through chemcal |ines and a _.vapori zer, ans is
expected to P04%s _portF‘g%\rﬁd{»‘gé’p'&pfezg@f‘t@{‘%?ﬁ%/fa@r%ppﬁ'ﬁ%%8£H‘°|‘qqd“ Hret tle
or no resi dugsiibéridiBioP e s tbr us@ with tie mpesiEiens dcderdif@tothe prIsepTENt
can operate between schedul ed or u

[ nschedul ed nmai nt enance peri ods
(such as,10t odisplesiie, yfhere meindgpendenb@rsrizef WP@&&W‘%B‘?EC{;‘@@N@“% hat is
foul ed or cl gg@ede pidcirsed. yneric residue), the nore sproductive the
tool is, making it nore cost-effective. A deposition tool that nust
be shut down often for cleaning and nai ntenance is not as appealing
to seni condugjpas) MaNUERGHLS IS WreprSdeARBES of A HSdepesitbh BoPused hamg term
operation of "equil pnent is desirable. 10 [0022] These purity and
stability re&emicenrsigtos industnpfardise yith thespmpositions Aseareng R%%? PRRseBY i al s
may oxi dize, JRAbYITEMHRe AsinfaVAFHEE hearkqdBsstbgitietvo Rparate mal |
anounts of such byproducts may be undesirable for many sem conduct or
appl i cati onsPrePHES™Sat eri al s used in the sem conductor industry may
require additives to prevent formation of undesired side 15 reactions
before reaching a deBosi tion chanber. [0023 &/cl ic al kenes are
material s of DETAHRRPEBGRIRRIGH OF THR Eﬂﬂb Sition to formlow k
dielectric filnms in the sem conductor industry that require additives

to be stabilized. . . .
20 {0020} 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

25  containing 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
CVDY}, or plasma (PECVD), etc.) to deposit the film on the substrate.

30  [0021] High volume semiconductor manufacturing places stringent
demands on the film deposition equipment and on the purity and stability of
the chemistries that flow through the equipment. Even trace amounts of some
contaminants can degrade the properties of a deposited film. A chemical that

is sent through chemical lines and a vaporizer means is expected fo transport



20 [0024] Chem cal s, including additives, that are useful for the

sem conductor industry are typically limted to species that have a
boiling point lower than 300 C. Furthernore, the specific application
in the semiconductor industry may di ctate additi onal properties that

t he prec“rs?{lﬁi_@l}pi{e cﬂ%@?{ anf % v%aemh%me o%H‘?%é:&Ué Qrin} '&?énh@b! er

dielectric strl s precur sor ectlon o use only
silicon, oxy%n!neﬁangmm piece Mumjmntdamomﬂafecmmaftﬁwﬁdbﬂeﬁi Ql'sues Wi th

L SUT T OUNGL G hRUPF Bk oS iERoad AGP Sl S LLAIOG RS flcd 1 b1 (o1

nust also fo asi s ogen r an orous t hat
are found i napwzenmearsdthetis fouhﬂ:ﬂ bnclnggeda'nﬂj mimmlr@mmeé tbe mareh as

e obi 1 o Fan BBl i Bof srtiakiod t AR BE e AR A b8 o o

stab|I|2|ng ecyC|ca nes I's"a eou to mnimze the
boi | i ng poi mustibd §leit dner offen mmanh@ arrylcmamieadzrioen:eeommeehng fo

stabilizer Bﬂﬁb ile BHT
boils at 2%%1%%0}‘%&#03?%&%% e 'S eﬁé\lugh % g“égﬂgéas Sl 8 mecant
probl ens i nocaeméon cftauytiprheo©t lsdrﬁmmbh on tool vaporizer neans.
Commonl y, these vaporizer nmeans are set at the | owest possible

tenperature to allow conplete vaporization of a liquid product while
avoi di ngiot h¢goBz2] decd’ﬁp@ebmﬁtpland stability Bg@itenentearesdlan difiauittial ance

th | | oadi f t th

broduct i ¢ RENEYS WA SRR R A Pale iy et aed MR Ger t 1 ons,
it is a finegechrleaEeen Bmaﬂamuhts&fbbﬁ] ispsdetschanbe andasirablodidr addi ng
too much heat. Thus, i e that, hi gher Iecul ar

it t he, c
wei ght conpmtsgméﬁoad‘bc% ?@9@%’?1 ?BHS mBFe“%](S%t“S 4 fPP SEgeppal ‘ft?r and
these 10 tengtsBy ﬁﬁ?lﬂé&llu%taﬁdltivet hﬁpr\wémmrmaﬁommalmcﬁu@mt ual 'y cl og
it. For this reason abl.e tg Educe the di fference between

i

t he boi | Png "HH H?%b%?fecf%al"a@ ﬂpﬁgﬁ%ﬂ% Fl-ves and their
stabilizers, and to reduce the concent ratl ons of the stabilizers to
their Iomest els.| ot ObVIO ver her
volatility Jﬂﬁi ves (.f,“cl(%algereﬁass@rpm %ﬁaé? yﬁﬁtﬁfeﬁf foigh%'ﬁﬁl PPl on and
can effecti ¥sifdratgifbrhziewi Kigie Ry Bk ifitnainkien ssmiconduetur dalusentiadt i ons.

[ 0026] When a bybbl er. anpoul e | oyed as a vaporizer neans, a
smal |~ anount™4iis 399E8% belﬁ@%’ﬁ%ﬁ‘ﬂgl ght of the chenical in the

anpoul e) ypf

[0024] Chemicals, including additives, that are useful for the
semiconductor industry are typically limited to species that have a boiling
point lower than 300 °C. Furthermore, the specific application in the
semiconductor industry may dictate additionai propetties that the precursor

25 must have, For example, formation of interlayer dielectric (ILD) films restricts
precursor selection to use only sificon, oxygen, carbon and hydrogen due to
compatibility issues with the surrounding layers in a chip. The selection of
radical inhibitors must also follow this basis, so nifrogen, sulfur and
phosphorous that are found in common radical inhibitors and antioxidants

30 such as lecithin and lipoic acid must be avoided.

[0025] in addition to stabilizing the cyclic alkenes, it is advantageous fo
minimize the boiling point difference between the cyclic alkenes and the
stabilizer that is used. For example, NBDE boils at 89 °C while BHT bolls at



20 accunul ated stabilizer is tolerable. This is because bubbl er
anpoul es have a nmuch | arger chanmber in which chem cal is vaporized,
and they are designed to be changed out on a fairly regular basis .
.with a fresh bubbl er anpoul e, though it is advantageous to change
t hem as i nf eefe@entThig cﬁf&r@mkbhwgh% chO@2dgifrmntproplesistinans  of t he

present disclosure exhi ced . stabilit and n| f|

bt ond t he SHEICPRYYGRY dpomy et 1oBr AReaRe vty o herty. Hipsey 2Pt o
flex :c bili t_ymsan‘flil_ﬁl‘w&etIagtHeh@B&tmbgd?ieﬁanﬁ)éraﬁﬁmo@ﬂnﬂuﬁtr@fete

manuf acturing. esul ti ilization of c al kenes.prevents
the possi bi P’g@%ﬂZa% %‘(5 £%°§V&M§'F(§M%‘9m@|fheémay§%° #P(B'Atﬁb‘;ﬁ) of
product isn falke r%@ééﬁaﬁpﬂortﬁlam,@&mmﬁnoadmgthmv@pd:rlz@eh‘ie‘a%30d:drreeﬂy or
in valves or a vapori ze ﬁﬁ’ %@_I | ower s pg@&b mai nt enance and
costs and r daORES e REGHFAVIRGLHSHWRNG § VERAT SEPRBr SUICEPSh. | n

addi tion, redugddratisraeit fsos v béléhdéfto hragdir&é thPsR e atiertieaigiithoabnpounds
al | ows hom)geneous vapo |zat on .of uct%v%%pout co(Hcern for

the gradual 29884 MgEn ?ath H& ! 'ﬁﬁ?%‘“ g SIRIEUIAT vaoor

delivery |i Rasght ceagbmdhtd SrePiofly Gaptsized, Etﬂtnot Vepahigsd aual by thaeposmea
TIIMS. Ine use OT nore volatile henollc ant i oxi dant

advant agBoudendtoacaumuiatednthe ‘@P@t’*é%l‘tr@?arlsltRé}"?m%U 41%175 ! l'S‘H'ZIL“EycI ic
al kene and tr@&sovuOit &lddsRatib @@tédhé@fhevu:ﬂférem tféne@éﬂ ﬂﬁe%‘éﬁﬁ? paineof

| eading to a cl| eaner process. [0 11 n. one enbodi manﬁ15 t he present
)

di scl osur e, WHIE AT f‘&@ﬂ&’@ﬁ@”@@?ﬁﬂb‘%@‘?w@ﬁ é‘Bﬁ’rf?rrieglé%e one or nore

substitut ed QhedHiBHA dettHé %bﬁi&%&&tr@ir%ﬂevé@% i§ A8 otAfbLaNt | oxi dant -
conmpound shown in Fornula (I wherein the antioxi dant corrpound is a

phenol i ¢ cofsy@Mer, Wéiﬁhﬁ‘@f@"M@?i“ltlh@inWQﬁtW'W&/@S‘rFWSﬁ!W@ and is
present Eg gcgﬁfaagﬁﬁﬁ LAY bé]f‘ei*?@c‘tl\@?@%a%allﬁé’mead}@ho?@%rﬁaﬁﬁw wherein R

t hr ough n-each 1 ndepen ent| Cl-C8 linear, branched,
or cyclic aldeppent@tion® | near, branched or cyclic al koxy 150r
substituted or unsubstituted aryl .

[0026] When a bubbler ampoule is employed as a vaporizer means, a
small amount (up to about 10% by weight of the chemical in the ampoule) of

20 accumulated stabilizer is tolerable. This is because bubbler ampoules have a
much larger chamber in which chemical is vaporized, and they are designed
to be changed out on a fairly regular basis with a fresh bubbler ampoule,
though it is advantageous to change them as infrequently as possible,

25 [0027] The compositions of the present disclosure exhibit enhanced
stability and significantly extend the shelf life of cyclic alkene products,
allowing greater flexibility in handling these products in semiconductor
manufacturing. The resulfing stabilization of cyclic alkenes prevents the
possibility of formation of residues (i.e., solidification) of product in the

30  shipping container, in chemical delivery lines, or in valves or a vaporizer
means. This lowers equipment maintenance and costs and reduces time the
machinery is out of production. In addition, reducing the formation of higher
molecular weight compounds allows homogeneous vaporization of the
product without concern for the gradual deposition of higher molecutar weight

10



.[0029] A cyclic al kene is hereby defined as any carbocyclic conpound
20 having a nonaromatic double bond in a nonaromatic ring. Exanples
of classes of cyclic alkene include, but are not limted to

.cycl oal kenes, cycl oal kadi enes, cycl oal katri enes, cycl oal kat etraenes,

aromati c- cormbﬁabatrm i yaboraletifém finey) (dayingdb morabdresietent, ighereyality
al kadi enes, Xclrc al katri enes traenes, and
Peee

m xtures th N3, 0 ROY %rrrgergyp%ﬁaea%éggllccﬂn?gyaarﬁﬁ B3 %nes are
singly or madiamhyedusshtt theasis e)tbater l&blﬂ&mdithatfthé amngerkenahnd ormul a

CnH28. 2x. ere ons rimary cyclic
structure, @/? matﬂ%sﬁg%%rrwrﬁpe C[}‘I%E(@(tel‘i?% ipa@gg f%a F'ﬁgn?frﬂ ﬂ%ﬁ

cyclic stgucture, and y is the nunber of non hyarogen subsutuents K
on the pri cyclic structure. his ¢ s ,of cy lic .al kene

"2 an’i ht eqdbtasi o 4 Tngnegmsedriens fr haptsert Saacers. i g afeng,

i nteger and @mpesiobcaipases: and each R can independently be C, -C15

| inear, 5 branched, unsaturated or cyclic alkyl, Cl1-018 li near,
branched unsaturated or cycllc al koxy, substituted or unsubstit uted

aryl, or a subgt bhelbeoRd $UHROIIH AL IitLB& i &lkerYs, akd mor e
preferred range of values for nis a_nos tg%referre

range is!® to apaneRigdand CB‘PP‘E"FﬂdSShGPVQé%%PWH?%aeWhS[ﬁ'“ XAty ¢ ed

to, t-butylcycl 09&%66@1(1 i8laliRnbRS RnpRDRd hé\nu@aeamng gamnawbeman nene,
10 1, 5-di net hyl-1, 6-cycl ooct adi ene, vin ohexene, cIo ut ene,

met hyl cycl obut en@b5 d?ﬁﬁﬂﬁ?P%@@ﬁdbﬁF@N@”*FW%H%%W??% EP@ ppm
et hyl cycl obut enean&'b\@erB(r'r RY ol RN Gin delch dey éﬁd&ﬁlﬁbtﬂl}-ﬁ'@i . C1-Ca

met hoxycydobut ene, et hyl met hoxycycl obut eng, cycl ohexyl cycl obut ene,
i sopr opyl cycl obufiésas, bfﬁﬁ@”tﬁ%ﬁé%ﬂ"&?“ﬂ‘o%ugemearc%fé'l'%@n?ré?ﬁhc 3lepxy
met hyl cygl opent egee Kliflk «%}ch?.ﬁ' SebaR@Ba e,  trimet hyl cycl opent ene,
nmet hoxycycl opent ene, nmet hoxycycl opent ene,
cyclohexylcyclopentene, isopropylcyclopentene

i sopropenyl cycl opentene, cycl opegiadi ene,s net hyl cycl opent adi ene,

di et hyl cycl opent adi ene, tri net
nmet hoxycycl opent adi ene, net hyl net hoxycycl opent adi ene, 20

cycl ohexyl cycl opent adi ene, | pyT Cyal opent adi ene,

i sopropenyl cycl opent adi ene, 3 budgycl xene,

di met hyl cycl ohexene, tri nmethyl cychohexeghe, nethoxycyclohexene,
nmet hoxynmet hyl cycl ohexene, cycl ohexylcy€l ohexene,

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

met hyl cycl ohexadi ene, 25 drnethygéyclohq@adrene,

trimet hyl cycl ohexadi ene, net hoxycycl ohexadi ene,

met hoxynet hyl cycl ohexadi ene, cycl ohexyl cycl ohexadi ene,

i sopropyl cycigehepradi epey cﬁcﬁ&t@émenyte@yqutwmcar@merbo@ymrmnrpenm

met hyl cycl ohept ene, drnet yl cycl oheptene, tri g %&clo ept.ene,

met hoxycyerohe\ﬂteﬁeonﬂfetrﬁaﬁyﬁ@tlnyr@'r?rwsf Gf'n amples o

cycl ohexyl cygheRark epdic alédnkIRMdRDHGHE h@th?rﬂfe@ﬂ@cycloalkenes

i sopropenyl cycl ohept ene, Kploheptadlene nmet hyl ¢ clop g adlene
CYC c-Con

di net hyl cycl B¥gakadiesss, I@EFWP%ﬂﬁeﬂ%%?*é‘tﬁf@ﬁ rématic-containing
met harycycl Ot'}f%:%cﬁéﬂng lydR i AMNIERL PAY GRS SRR R mﬁ:ycllc alkatrienes,
C

cycl ohexyl cy ene i so ropylcycloheptadrene

i sopr openyl cpely F'ﬁﬂ’ieéfﬁ@“e%:?ﬁ‘li ghaweatheresie, net hyl cycl oheptatri ene,
drnethquﬁcloheptatrrene tr|nethylcycloheptatriene

met hoxycycl oh déﬁatrrene nethoxyrnet(% ci orrept at nene,

cycl ohexyl cy &Rkt at /i REETHSHSE GHGY em‘qurgtsmg g mlltiply

i sopropenyl Cﬁﬁéé?&%@d%h@ﬂﬁenééyﬁlt%rﬁmforﬂﬁIaWJl-EXQyRWﬁ@'@eh is the
di met hyl cycl ooctene, trinethylcyclooctene,

number of carbons in the primary cyclic stricture, X is the number of

il



5 net hoxycycl ooct ene, net hoxynet hyl cycl ooct ene,

cycl ohexyl cycl ooct ene, i sopropyl cycl ooctene, isopropenyl cycl ooctene,
cycl ooct adi ene, net hyl cycl ooct adi ene, di net hyl cycl ooct adi ene,
trimet hyl cycl ooct adi ene, mnet hcprycycl ooct adi ene,

met hoxymet hy, adi; : ) 0864 9K BBFumber of

i sopropyl cyd"org%@gag%%ge% E?@%%@ﬁ%&%@ﬁ%&@%ﬁ%&t agi eﬁe?m.m erotnon
cycl ooct at r i iygensubstitugrts, dd andbe pamary citliestmoiues: cindbis class pene,
trimethylcyc C i , I tad.rl < :
et hoxy et yPeLCTaEe oy A EeaR) Kt @15, Pl anBger and 1 <x <2, v
i sopr opy! cycariotegat andhs y § 2ok andreabl Rojaodeterenienily be Cy-Cqs linear,
cycl ooct at et c : raene .

o et Pyl ool B0 Pl L REIEHR 0B ncer, bienghed, unsaturated,
met hoxycycl omraiyelicaticcxy nmibstitetdtbonumstiisitutarcarpioot aselatibdedbsilicon

2opr openy| SO SRS A HEIE RGO G B ECIBNR S o 14, anc
3- ( 2- r net hoxy ploetyyéferréd mgm_jaiia@«te @, ESamplgs bbthsadasg| ina:lli’ldmbb’yarsinbhne :

3-cycl ohexenyl.t rij . meth si l.ane (3=, . .

20cycl ohexe ne)/"’ugegttﬂ Ttﬂ”?ﬁ%(ym&% i%fpg%-z?rpmene, fimonene, gamma-terpinene,

[2-( 3{ ﬁyfilb Ohﬁﬁelmétlbviﬁmhﬁ'd—b‘}ctlommdigna{ s'inyl_aytéoha(emE,opdbblhtely@![ (ﬁhexene],c .
p- ment h- 1- eng, el | andr ene r pi nol.en ot her preferre
cl ass of sui :[ngg%ycg%t?@,erp%tﬁglqutl@ugqngyggﬁ\e%yéﬁlyglgﬁé‘%ﬁ%f the general
fornul a CnH2sthjigycioblitansy dietrsigyclobitend, detinieybiobutehe25 carbons in the
primary bi cyclyc structure, x@i he nupber of upsaturated. sites in
the primry BF quﬁ‘og't't?ﬂ%'trﬂ?@yﬁ‘f&%"’%’wc@g{"{?Eehcfm@@?xyg?yct?g’weﬁ%rogen
sub|S_ti tuleEtSisoBopyﬂéycHwtemei. wepiopbhyielobatent ayclopestend,n this class of
cyclic al kenes

is an integer from5 to 18 . x is an.integer and X
n/2, y i sl5anmiem’g§j‘§?p%ﬂ‘% dﬁ?‘hylfﬁ%@ﬁﬁc}”@lﬁwlcﬁﬁe%?'Pt?r??dependent ly
be C1-Cl8 |i peitoxysyBlopestand adethyimtioyatigentens yytivhexldyyloperine’l8
| i near, branched, unsat U{ate or c I i.t uted or

d 'XVEA |(% al koxy SUbrﬁt
unsubst i t ut el§OBEBYICYCRPeRteliey SPPRORERACYSIOPPIGHE: CYAPRT TS S ubst i t uent .
A nore pref eﬁfe&@fcyaa;g@ﬁé&iew@,Idihiéthfueycldpeh&d&nbptrimthywydsopemene,
preferred range is 7 to 15, Exanmpl es  of thhsa clgss i nclude, but are
not linmited PEhosygyslopgatadienspeltvinetoxyqysioBsMagRES: nor bor nadi ene,
bi bypkg2, 2. 23asdmxdeyiopehtddidt, isopropylcyclopentadiene,
abi cycl ohept enypet )écl | trimethoxysi E)%ne, hex&W tf}éé}ldewar benzene,
bi cycl of 4. 3. (FPRGREDVICYFlopERIASIeng, aycingxengaing ”&W Behal ene,
2, 3- di met hy 1yindhyfoyeiohekdrh rihanastidhekaRemethoxycyclohexene,
bi cycl o[ 4. 3. O1lnona-3, 7- di ene, C ?Io 4.1

b . l] oct - 3- ene,
bi cycl of 4. 2. meﬁwy@e@%@yc‘%@%ﬁlﬁ plope '%'Péé@,"&: §pRicRYicyclohexene,

5- (bi cycl of Zis%paakgﬁﬁéyc%r@%ﬁé, HiBk)@uias, | dtRylcyclohexadiene, _
bi cycl o[ 4. 2. Oloct a-2,”7-di ene, Dicycl o[ 4. 3. 0] nona- 3, 6-di ne,%-w nyl-2-
nor bor nen¥ aﬁdn%b%‘iﬁwpéﬁq{%ﬂezi‘ﬁ'ﬁ?%ﬂ?ﬂ?&fg‘?ﬁ%?zm’ﬁ@d‘ﬁﬁé? Pi%d

class of cychy bish&tdcerel byeioAblteephekadiend, he gener al
formula Crl F%Zn%[l@%%?%w where n Sfcs t he nugber of carbons in the
primary tri cjReprapylsysiefaxagdieneyisprropsyioyaaba@disne YSIINGPSPRd sites in

the primnary Hétﬁ%ﬁ’cfpﬁ2&%1‘19,@1#16@13{!09&9@{2{&@, friRfetideePheptenaon hydr ogen

substituents, R rimary tricyclic structure, .In thc:]@1 c{?ass, n
i s an i nt egemathexpyeiaheptage. methoxypethiewitierieng. sydpheivigygabegiene,

i nteger a i p@;&ﬁﬁ@ﬂ iehs, C1-Ci e

i negr, b%bgn&%B@E@g}?@%%ﬁ;@gﬁgﬁcﬁg {I%qlé Cl1- C:pLgml i.near
branched, ungeathiieycloheptadiepe) dimek] $J9‘?epéﬁﬂdéﬁv f"lﬁ‘f‘%ﬁylﬁqun%%g?mt ut ed
aryl, or subsgtdeh it BebicHephfbhes A¥iRIXIBHyRYMHptadHe, A more preferred

range of _ o
cyclohexylcycloheptadiene, isopropylcycloheptadiene,
isopropenylcycloheptadiene, cycloheptatriene, methylcycloheptatriene,

)
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values for nis 8 to 14, and a nost preferred range is 9 to 12.
Exanpl es include, but are not linmted to, dicyclopentadiene,
1,2,3,4,4A 5, 8, 8A— 20 oct ahydro- 1, 4- met hanonapt hal ene,
octarrethyltrlcycl o[4.2.0.0(2, 5)]octa 3,7- diene,

Lot dome " DRt e e a e i R EG ok Sioliedtyfiens,
Iolr ﬁ:‘ ;9 re g egocmém@(ymh mmeﬂmnebq&!oab%ﬁ/clon@ﬁnggenebut ar ebB?t |
N g Tt e P L R AN

propoxy, i 5Qﬁéiﬂﬂ@?@foocte?@Pﬂiﬁ%Wloobtéh@Wme@?@W&ctenﬁet hyl phenoxy,
d exanpl es. of, R.i ncl ude

trinmethylsil ox or cycl ohexl ox err

met hyl , |%odpﬁ%9¥ycyﬁﬂ‘g°t‘?%ﬁ?%ﬂ@émeth P’ﬁ?&e“? &4 rEJ‘?%)"CV%Jﬂﬁc"?%‘%propenyl
30 are nost t@épﬁ?&;ﬁﬂdy@@ao&i@ﬁe Rsép?bpél% EiBodiEE, epnsbigddisnaappl i cat i ons.

[ 0034] Preferred cycl I ¢ al kenes | ncl ude d| entenﬁgﬁggel | andr ene,

di cycl opent dAeBreycleactadience ppgtRide/clogsisrgie dripe OPGAYRR e,

al phapi nene, méﬁuﬁﬁ\fc?él@mcté&érﬁé ﬁ@étﬁﬁ@méﬂ%d?@lﬂ&ét@dreﬁ@r bonadi ene,
5-vinyl-2- norbornene, and 5-ethylidené-2-norbornene. The nost

preferred cy@clobeﬁﬁ'%éﬁ%taﬁ'ﬁéedP@V@PWéWPﬁtﬁﬁ'ﬁﬁe’ al pha-t er pi nene,

nor borneng, 9EkH d}ﬁs%l@&& déné’ ' Mi'oo&atﬁ@ﬁ@%éiﬁﬂ@clo@ﬁ&tnene
5-et hyl i éene gﬁrngé bor nenea ! %hdw t abl e phenolic anti oxi dants of

the discl osuw@e&w@y@@@@@tﬂﬁ% fwe fenelogstatignamethaxieydnostatissier nat t he
boi I i ng po ”rtnetx% lcﬁéﬁi&ta@%&c@%e@c}dﬁb@%n&ﬁ can each

i ndependent | y I near, branched, or cyclic alkyl,
01-C8 | nearvsomaﬂm@@cta@fer@@ppr@pammgﬁO@atr@n%sqvploeﬁ@tﬁtraﬁne

unsubstitut ege 16 clo@f&@i?iﬁ_{é% Qméh‘*l%]ﬁt&lo@ta&rabﬁ@ oughR5 i ncl ude, but
are not 10lirt ethyl, propyl, isopropyl,

butyl , |s@butrmethydoardpo@ateyﬁen%mtbmwoociﬁé@tm et hoxy, propoxy,

| sopr opoxy, aOr

ot py | phony! MEERReb QAR ttaerkl SipRBMAocRItBeT L L ()

i ncl ude H, dﬁppmgylbmoOcat(ﬂ;ﬂenenﬁ@ﬁ@ﬁ@”ﬂ@@'ﬁ@@@’fﬁt@ﬂtﬁ Bephengblyl . Most
preferred ex ! gel%’ §J?“'ﬁé]‘ﬂ° bgwy%w#kgg@hwl t abl e exanpl es of

Forrmula (1) henol , 4-net hyl phenol
3- et hyl phenqulomxemrdtnmeﬁmsﬂ@me, 34cysiohgxepyiivost! owsﬂmb%r(%ahenm

4-1s0-prapyl cPUs e )(’é?rll rftthSSsilane,
but yl phe%gl Bﬂ: ?ny@ &yﬁ%wgfné’e@ﬁg Cz ﬁénolsh(a oXys
3- net hoxyphet&nﬂ-butﬂcycmeh@)@( prHoenth;1-eneephel 9@1@@%@“ terpinolene.
2-(1- et hyl butyl ) phenol, 2-tert-butyl-6- nethyl phenol
1, 2-di hydr oxybenzene, 2, 4-di-tert-butyl phenol, 6- dl-tert butyl-4-
rret hyl phenol [QCSHI) , Aaeﬂi!ehpmfengdjéaﬁg@ﬁewtabmy@@ath@m@ is bicyclic
2- (benzyl Oxy)afﬁgﬁ&oéf’the general formula ChHan.2xe2yRy Where n is the number of
25  carbons in the primary bicyclic structure, x is the number of unsaturated sites
in the primary bicyclic structure, and y is the number of non hydrogen
substituents, R, on the primary bicyclic structure. In this class of cyclic
alkenes, n is an integer from 5 to 18, x is an integer and x < n/2, y is an
integer and 0 £ y < 2n-(2x+2),and each R can independently be C¢-C1g linear,
30  branched, unsaturated or cyclic alkyl, C1-Css linear, branched, unsaturated or
oyclic alkoxy, substituted or unsubstituted aryl, or a substituted silicon
containing substituent. A more preferred range of values for n is 6 to 14, and
a most preferred range is 7 fo 12. Examples of this class include, but are not

limited to, 3-carene, alpha-pinene, norbornene, norbornadiene,
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203, 4, 5-tri net hoxyphenol , 3-et hoxy-4-net hyl phenol, 4-benzyl oxyphenol,
4-benzyl-2,6- di-tert-butyl phenol, 2-(2-butenyl)phenol,

4- propoxyphenol , 4-butoxyphenol, 2-(4- nethyl benzyl) phenol,
2,4,6-tris-benzyl oxyphenol , 2, 4- dicyclohexyl 5-met hyl phenol, and

3-tert-butyl dro zene fer td OXI of Formul a
(1) inct ud)é Bﬁ%ﬁ%@ r#f 8ol (b {W% metg%ﬁmq phenol ,
4- rrft hoxxépheh@tamé%hywmmbmmF hemd:yclci{mﬂ om&mxwp@,ﬁmss ng [“835 _
referred an ant or t
E uitabl e con%@ﬁﬁ’% e'ﬁmg#o‘?%ﬁghh?ﬁ Q/g%'ﬁgﬁé'g pg’g'?%?’??ed froma
rSan tg e bIOf con 5@?(%!6[&@ cqn@a-s velenas bifcy@matb'qwt-alem mc?ao[ammu]bcfi;men@ p (rjn f
ui t abl e congentr n i ow end o
sui tabl e éon EWEE?@ ﬂ%ta%&&"?‘ra%wcé(ﬁ@&o# E‘E?tf%ﬁ?@t%%h@&ﬁﬁ'ﬁl ons. 30
[[0038] The | opiconel4. olbétg-zwﬁ‘eaéﬂm@wsmﬁoﬁw@dn@a@emﬁm- t he
phenolic additive may mto about 50 ppm Suitable
concentrati oﬁ@rbpfﬂe“?ﬁé % @?.n%gﬁpg?ﬁfgég{}% on range include, but are
not limted, to about 1 ppm about 5 ppm about 10 ppm about 25 ppm
and about 50 &H’ﬁ [ 0039] The high end of the suitable entration
ica

range i s not ! | Ang eEP@fﬁrfqdﬁﬁSdﬁ%thtaH‘@nE%ﬁﬁB%ﬁ ?6 8NeHRlt may
be limted by, ﬁiﬁr&%}ﬁui&e@%ﬂ @%ﬁgﬁjwﬁé?@ ndeHeSiun@sdr bf éémawmttb/e and

solubllltyof phenol i c ive in the cyclic al
conposi ti on. PAMSI igkslie sigerierent lséf‘?BHmpﬁrr@@"P@Pfaﬁ%S'ﬁ‘%ti@ﬁﬁ‘niﬁﬁ)énol ic
addi tive congepbiadiefirdBidRas iHeinfe ot nérﬂ%;c@&@[]@nt@lbgﬂﬁgéﬁts 20 brixpsn

Exanpl es of suitable concentrations for th end | nc| ude but are

not |inmited PeMapdiieycliostrygivie. Amba class nipay méﬂﬂ&a fromsptopifnk @but 175
ppm and abounQ aHH'%‘*: 8, Je%%%gémm fﬁsga%e(lakw L&dh R@@ges may

vary dependi ng on pecific antioxid and the specific

process u¥ed m@aﬁqﬂr@g b§f01s(hﬁ lingsr ebréEi‘Fﬂ?@nk“?%ﬁ‘iq"%tﬁd R AYAE 2k Cukee f r om

about 1 ppm mﬁeérb%hcr?éaoumraferdw RUlik %%ﬂt@teabﬁuhs@o%qtum from
about 1 ppmto about er suitable concentration ranges

woul d i ncl ud@nf!,rq;rrﬁ-fbﬁmted ﬁ@c?fb@ﬁfﬁ%imaﬁwl?s’imt phmore pesfersasbianda of ppm
to about 175.Qpgk B%rn%ns%@%tarﬂdoa iRt ;ggfeﬁge%ngéaégww eRsmpleem about

10 ppmto about 1 ppm her suit e concentration_ranges woul d

i ncl ude fromirdisis; butare pat inytedie dicytrpepigaiene r bARdatdb. 88 ppm t o
about  175,;pP et Q8. ARMh Ao nBRThieRe B ettificildk.2.0.0(2 5)locta-3,7-

diene, 1,4-dihydro-1,4-methanonapthalene and [4.2.2]propella-2,4,7,9-
tetraene.

[0033] Examples of R in each of the three classes of preferred cyclic
25 alkenes described above include, but are not limited to, methyl, ethyl, propyl,
isopropyl, isopropenyl, butyl, phenyl, methyiphenyl, frimethylsilyl, cyclohexyl,
methoxy, ethoxy, propoxy, isopropoxy, isopropenoxy, butoxy, phenoxy,
methylphenoxy, trimethylsiloxy, or cyclohexloxy. Preferred examples of R
include methyl, isopropyl, and isopropenyl. Methyl, isopropyl and isopropenyl
30 are most preferred for R for use in semiconductor applications.

[0034] Preferred cyclic alkenes include dipentene, phellandrene,
dicyclopentadiene, alpha-terpinene, gamma-terpinene, limonene, alpha-
pinene, 3-carene, terpinolene, norbomene, norbomadiene, 5-vinyl-2-
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20 and from.about 25 ppmto about 100 ppm O her suitable
concentration ranges woul d include from about 50 ppmto about 200
ppm from about 50 ppmto about 175 ppm from about 50 ppmto about
150 ppm from about 50 ppmto about 125 ppm and from about 50 ppmto
about 100 ppemorenkOskHI3-Egliddnal-hérsedesy CThe mabiiReRrearpaRi tion may

include a single phenolic additive or, a nixture of two or %$

phenol i ¢ adBKENAACRAYFIRGTaP IR Alphayterpingaemarbernene MofRNzientyr ¢
phenol i ¢ adgliyi V%of%VnéH% aﬁ@g%mynﬁéheamtoﬂbeh@héve proportion to each
other. 30 [0042] The cycli ¢ al kenés can be obtai ned comercially or by
synthetic techniques known to those in the art. In comercial
materialg c fal ”%i‘x%@{&tpHéﬁdléa\“&?&crdﬁq@oﬁbfébiséfoahrlé%@aesdﬁoéd peften

stabilize t products with rel ative concentrations of BHT.

Si nce nost Eaﬁnu#laﬂi vitb ihe prpwsa that ﬁ@é{?&mﬁew?ﬁdow@ﬂ@%ﬁ dhapdiRity
products, ! RhlgROMFLadiiiloederity B, BIFC-CAMEAP raicRbl ! ¥ poor,

and air, noist ot her nt am nant's can possibly enter the
cont ai ner beydiealkyhGhiCrdinear, hfanehed, |0FFYQH93’W%§@L@§W'{9¢1%antS once

cl osed off hﬂ%lﬁ}s{]{a}i&s @?oré%ﬁ |esc(§|gu ngtﬁmhwr‘%c}% g@ggrgq@{l on to

t he product or any time. For sem conductor
pur posesio t Keitgd tnﬁrh”@ﬁ‘blﬂmfhmfb&‘h m’psylmromé, by isotudyl tertiebibve al |

F%BL%?&S&E’VJ%&? R B g B I

purificati onyctmemfcacgephemblorshetpyipln@yl t Prefectpdicxemale o B dhiiaugh R
conposition N |y
controlled @oﬁ%ﬁ%hghéﬁhgﬁ%%tm{%%%gm ?@RH%’%% sttérttjlb"‘ﬁzer to
t he product Mcmtaleiwreqoexmpl&a)ardlk’eand mefhioxih. so that product is
i medi at ﬁsl y stabilized once it enters the product receiver,
perform rig di0986] | at i oBstablederangies, ofifoentladl) et pleebesre notdoniedgd,y
cl eani ng andphingl, Agnmetbyiplaemd rsmetilyphenal s2mettsiphgnal, dstdddhehbl, dg
t echni ques t frapyipitaroé dtisd-peopyipbdod} 4-bbtyfpheno! pésegbetyipbseed, 4-Boai r,
filling in abutylplerchdartettudpmhathot] dahethoxdpheea eMRED a3-metixgphenat, i2on
t hat coul d ambthazypbehyinéettzelyplamot 2t{@hysthgbutaithenull 2dedbstytdoi ce of
cont ai ner s tmetwieemnd, Badsdraxybenzane, 2)4-dotehiebutylpremo) 2t4-diktert-butyl-4-
mat eri al s. [©6thgphamy (BHE)catihpdrextiveansre, Apdltoguisans, 2dbecyltppphenans
for the 20 s&jscamatroxgrhannkl Gsdthoxyat-methyiphead!] 4-bpaaicgeitknos H-pmed-a6d
stored in stdiitaltbsyphted) 2-¢Dbtizhyighendlodpedpaxyp anoll ddiutaxypharioy, 2 (@r
t he maxi num astyibenof)pheme, 2,4 6eripbecktyiixysiemnol 2 dicySoHdreirb-methyintiead,
to chem cal alel 3-teet-jutdd2-Phghdxybbhatener dnsfeaes ahliedidahamfGarmbig (B include
preci sel y coptianel, Hatethgahenol tBmetiyihengy Dehethylighadolp docstssxyphendl y3-and
consi st ency, methopypheasis and) Binpsteoityphéref.eThe thobDprbferred asti@bdant bf Fermula
deposi ti on t@ok 4-rh&fdbphbeciconposi ti ons of the di sclosure may be used
in any suitable
25

[0037] A suitable concentration of phenolic additive may be obtained

from a range of concentrations, such as from about 1 ppm to about 200 ppm.

Suitable concentration ranges can be defined by defining a low end of suitable

concentrations and a high end of suitable concentrations.

30

[0038] The low end of the suitable concentration range for the phenolic

additive may be from about 1 ppm to about 50 ppm. Suitable concentrations

for the low end concentration range include, but are not limited, to about 1

ppm, about 5 ppm, about 10 ppm, about 25 ppm, and about 50 ppm.
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chem cal vapor .deposition process which requires a cyclic al kene.
Preferred processes are those chem cal vapor deposition processes
enmpl oying a silicon 30 containing conpound to deposit a | ow
dielectric constant film Exanples of suitable processes include, but
are not limted to those described in U S. Patent Nos. 6,815, 373,

6, 596, 627, 67&‘6 323, 6,541,398, 6,479,110, 6,846,515, and 6, 583, 048
herein i ncorl§83%lt ed bine kighean ebthe suirhissaonsenimtiondaroeis 6t igale i s

al so direct e@rét?mﬁ’za%@%?ﬁw% o%inﬂma% BuicHi&) b@u@h&@ﬂ@s&ﬁ@pos”lon for
form ng a layer of carbon-do si|icon oxide on a wafer. The process

conpri ses t heonsigeiggors of tbﬁﬁemﬁﬁﬁﬁ &inuriy 6%?9'%‘“%’!9@“@ RAAPISSi tion in
a contai ner, acﬁliﬁé e ﬁ@%yﬁlﬁf‘éi@édy M&QWURQUR%[@CQ%F\%W ran@e fob I m

depOSItIOI’] t ool osition chanmber within said
deposi tion tfb@h{gh@nﬁmﬁaolmdddwﬁﬁ@@@qnﬁgtiqﬂmabbﬂframmt ﬂQp PFPT@’[GF il m

deposi tion champsio ﬁgﬁrﬁ hESlar?l e.d, o?étrufﬁb%%ﬁééﬁtﬁaﬂﬂnéf&?ihe rﬁ%ﬁéﬁr?ﬁema’é

carrier gas to sweep the cy kene 10conposition and the silicon
cont ai ni ng clafpound iltﬂﬁﬁ@@gﬁbmﬁéOQOﬁWe@thﬁézﬁ"rEamsabmﬁ65@ REMf Aot

deposition Cﬂﬁﬁ}ﬂan P06 29 Iijpnrate Wlthln the filmdeposition

chanber of the I m depositi t ool I ntroduci ng the vapors of the
cyclic alitkene conposition and the S|I|con cont ai ni ng conpound into

th [ st |

a1 kene comoltion anguieHY torceAfaRAidd rdAipagerding dine Y, | ¥
deposi tion cmmeantlmrtarﬂi)emwkiyag amhthecapemﬁtr erosﬁ%? ggednga@pples®ff orm a
car bon dOpedSLﬁl’taE e cBHcé?ﬁn‘aﬂSn ?éﬁ%%l@@?romi Fiofm WBLE ShoSiphd cyclic

al kene conposition conp
from about 1 ppm to about 150 ppm, from about 1 ppm fo about 100 ppm.

15 Other suitable conceniration ranges would include from about 10 ppm to
about 200 ppm, from about 10 ppm to about 175 ppm, from about 10 ppm to
about 125 ppm, and from about 10 ppm to about 100 ppm. Other suitable
concentration ranges would include from about 25 ppm to about 200 ppm,
from about 25 ppm to about 175 ppm, from about 25 ppm to about 125 ppm,

20 and from about 25 ppm to about 100 ppm. Other suitable concentration
ranges would include from about 50 ppm to about 200 ppm, from about 50
ppm to about 175 ppm, from about 50 ppm to about 150 ppm, from about 50
ppm to about 125 ppm, and from about 50 ppm to about 100 ppm.

25 [0041] The stabilized cyclic alkene composition may inciude a single
phenolic additive or a mixture of two or more phenolic additives having
Formula (1), The mixture of two or more phenolic additives may be present in
any relative proportion to each other.

30 [0042] The cyclic alkenes can be obtained commercially or by synthetic
techniques known to those in the art. In commercial materials chemical
manufacturers who make cyclic alkenes, will often stabilize their products with
relatively high concentrations of BHT. Since most manufacturers are not
accustomed to making high purity products, their product handling techniques
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1) one or nore substituted or unsubstituted cyclic al kenes, and 2) an
ant i oxi dant conposition conprising at |east one conpound of Formula
(1), wherein the antioxidant conposition is present in a
concentration between 1 ppm and 200 ppm and wherein Rl 25through R5
can each i ndgpaadenivaly Peortandhlr, rhdisti dridRer.cobtaniiedIsl caPposaifl i C

al kyl, Cl-C8 linear, branched, or cyclic_al koxy or substituted or
unsubst i t ut RN CANRIRST BRIOTSy 6%"&9(9"@#3"[ ﬂ‘t"ﬁe TEsHD SAERMENEES, PReS

anti oxi dant gQERQHiiftb Mk BRSNS Chi Bﬂjsﬁ%ﬁéaéérhblb@égfadah@@toztﬁé C. 30
[0047] The cyclic al kenes suitable for this disclosure are the sane as

descri bed priiodusEitys storeddosany lgnath oi@maeios;.spmf&ﬁd%ﬁf B‘FFHPW@ the
conpoundss S%c{n‘ieiﬁér?afrﬂét hazssn@t%'p@ﬁﬁmo r&ﬁbwﬁ: ByYodlchs an@f silicon

cont ai ni ng no such as sil anes | anes, al koxysi |l anes,
al kyl al koxysadditives: ussalldasdisillationer subliny Qﬂar boxysi | anes,
al koxycar boxysi | anes, al kyl al koxycar boxysi | anes, |inear sil oxanes,

cyclic 5siloxanes, fluorinated silanes, fluorinated alkylsilanes,
f1uorinated HBOIxysi |falmverﬂouoamﬁammtyaandwt@mlw@%%Fiu%mersunﬁcation

ot SN L S R Sty s
al kyl al ko&ycmnﬁw@nm&de@dew’tu@lﬂ qeatreltedidonditienss i Thesameay, inglidesr i nat ed
cycl ic sil Oxanaan i BlpMhaliifs plddREGelaersREPb ERMioR AR InG! oot

it TR

descri bed above I nc but a not ose sho
Schene 1. is fiGkadiately stabilized once it enters the product recewer performing

distillations under dry, inert atmospheres, rigorously cleaning and drying
containers before use, using closed-filling techniques that prevent the product

15 from being exposed to air, filling in a cleanroorn to avoid dust and trace metal
contamination that could act as polymerization catalysts, and judicious choice
of containers to prevent exposure to air or other incompatible materials.

[0044] Many chemical precursors and precursor compositions for the
20 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 fransfers the chemical by a precisely controlled means, to retain product
and process purity and consistency, to process equipment, referred to here as
25 a film deposition taol.

[0045] The compositions of the disclosure may be used in any suitable
chamical vapor deposition process which requires a cyclic alkene. Preferred
processes are those chemical vapor deposition processes employing a silicon

30 containing compound to deposit a low dielectric constant film. Examples of
suitable processes include, but are not limited to those described in U.S.
Patent Nos. 6,815,373, 6,596,627, 6,756,323, 6,541,398, 6,479,110,
6,848,515, and 6,583,048 herein incorporated by reference.
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[00461

//G3i F.3c 'cT3 Scheme 1 H\ /OCH3 t., SI H3COCH3 H
3 F3C0 *L, OCF3 H3CQ\ /00:13 H3CO0I OCH3 113COCF3 \ /Si

The present disclosure is also directed to a process of using a

cyciic aikene compaosiuon Tor forming a layer of carbon-doped silicon oxide on

a wafer. The process comprises the steps of:

a)

b)

c)

d)

providing a cyclic alkene composition in a container, a silicon
containing compound in a container, a film deposition tool, a film
deposition chamber within said film deposition fool, a means for
connecting the containers to the film deposition chamber within said
fitm deposition tool, a stream of carrier gas to sweep the cyclic alkene
composition and the silicon containing compound through the
connecting means into the film deposition chamber, and a substrate
within the filrn deposition chamber of the film deposition tool;
infroducing the vapors of the cyclic alkene composition and the silicon
containing compound into the carrier gas stream;

transporting the vapor of the cyclic alkene composition and silicon
containing compeound into the film deposition chamber; and

using one or more energy means, to form a carbon doped silicon oxide
film on the substrate,

wherein said cyclic alkene composition comprises:

[0047]

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

2) an antioxidant compasition comprising at least one compound of
Formula (1), wherein the antioxidant composition is presentin a
concentration between 1 ppm and 200 ppm, and wherein R?
through R® can each independently be H, OH, C4-Cg linear,
branched, or cyclic alkyl, C4-Cq linear, branched, or cyclic alkoxy
or substituted or unsubstituted aryl with the proviso that the
components of the antioxidant composition have boiling point(s)
lower than 265 °C,

The cyclic alkenes suitable for this disclosure are the same as

described previously {vide supra).
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/  HCOOCH3 H3CCO0C113 H3CO0COOCH3 \Si\Si/\ /Si 411 " L H3COOC OOCH3
H3COOC u0OCCH3 H3COOC u0CCH3 H\ / COOCF3 H3CQ\ / COOCF3 H3C0\ / COCCF3
Si SiSi F3COOC uO0CF3 F3COOC u00CF3 F3COOC t OCF3 C113 CH3 H3cnw , _,

,CFB F? C 11%%4 » /11 ;E?c';%tco\ntallrllng'y: gocrlnpéu%gga‘;i ai'qu) @E&%&C%S%W!WCFB
CH3F3Q\  CF3inid c\dss of &iticon containing molecule such as silanes, alkylsilanes,
alkoxysilanes, alkylalkoxysilanes, carboxysilanes, alkylcarboxysilanes,
alkoxycarboxysilanes, alkylalkoxycarboxysilanes, linear siloxanes, cyclic
5 siloxanes, fluorinated silanes, fluorinated alkylsilanas, fluorinated
alkoxysilanes, fluorinated alkylalkoxysilanes, fluorinated carboxysilanes,
fluorinated alkylcarboxysilanes, fluorinated alkoxycarboxysilanes, flucrinated
alkylalkoxycarboxysilanes, fluorinated linear siloxanes, fluorinated cyclic
siloxanes, and mixtures thereof. Examples of each class described above
10 include, but are not limited to, those shown in Scheme 1.
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".S. 0\ ASi-0/ CF3// \ 0,1i-C1130Si-CF3 IIll F3CSi / \ | F3C 0-Sk
|  F3\CF3 C (0049] Suitabl e exanples of silicon containing conpounds
of the 5 disclosure are those described by Formula (11). In Formul a
(I'), R6 through RO can each independently be H, F, OH Ci1-C8
| i near, branched or unsaturated al kyl, Cl1-C8 linear, branched or

Sunsat urated, al koxy, substituted or unsSokemetled cyclic or cyclic
al koxy,

H CH H OCH; HsC OCH;
\/ \/3 N \/
H i?[ Hac CH3 H3C0/ OCH3 H;CO fJCHs
F. H,C OCF;
AN :/ \ / \ _ Aocr \ /
l
F T FsC ”crg, F3COI bcr, TFCO  OCF;

H  COOCH COOCH; H,CO_ COOCH
NI ? \/ ? NG }
/S;’ / Si
% % %,
H;CO0C <TOOCH; H;CO0C <€OOCH; H,COO0C <TOOCH;

H COOCF H;C COOCF; H;CO COOCF
N : AN 2 \ / ?
l ( Ve
F;COOC TOOCF; F,CO0C TOOCF; F,C00C <TOOCF,
CH
me [0 [UmG am me BN EG
\Si Si é'/ \ Si \ /
~. 1
H3C/ 0/‘\0/ “cn, F3C/ - o I~ / \CF3
CH, CF,
CH
B | 3 F3C\l 3
Si—0 H Si—o0 CF
/ N’ SN
T Sl:——-CH3 <i> Sil———CF3
H,C—5i 0 ¥,C—Si 0
TN >/ /
H 0—3Si | X 0—Si
Du | Ner
CH3 CF3 3
[0049] Suitable examples of silicon containing compounds of the

5 disclosure are those described by Formula (). in Formula (lI), R® through R
can each independently be H,
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substituted or unsubstituted aryl or aryl al koxy, substituted silicon
cont ai ni ng substituent, partially or fully fluorinated C1-C8 |i near,
branched or unsaturated al kyl, partially or fully fluorinated Cl-CB
" linear, branched, unsaturat ed al koxy, partially or fully fluorinated

substituted or unsubstitug cyclic R? cyclic al koxy, topartially or
. fully fluorinated substi tu /u/substl tuted aryl or aryl alkoxy,

partially or fully fluori natedSSubstl tute | i con containing

substituent, non-, partially o af ully flu ated carboxyl ate

| i gands, or nixtures t her eof ifﬂﬂ es of R6 through RO in Formula
(I'1) include, but are not |inBe H F, OH nethyl, ethyl,

propyl, isopropyl, isopropenyl, butyl phenyl, nethylphenyl, 15

cycl ohexyl, nethyl cycl ohexyl, nethoxy, et hoxy, propoxy, isopropoxy,
but oxy, phenoxy, nethyl phenoxy, cycl ohexyl oxy, nethylcycl ohexyl oxy,
trifluoronmethyl, trifluoroethyl, penatafluoroethyl, trifluoropropyl,
pent af | uor oprihye; Cdﬁmaaﬂ:iramheﬁrooplysaturated;aﬂwb@—()aﬂiegarf brochédapr opyl ,

trifluorogi 5&-{%5{&?&%‘ Iiohcg,ir B{u?%ﬁ‘ﬂr%sub‘%ﬁ&ie%féﬁ% 8P alkoxy,

nonaf | uor ob
(trifluor ormlbbtytpieétor ahdsujmtsmhétbmyl or ayl dikogy, Isubstitided Bilibexgdntaining

L 11 uor oot Ty o bR A ARG or e s ph BGlgg S brsaturated

Ee nt a; : uor oqdkyb,nmma,lly bebﬂlaﬂ?umabwl 0{96@(meahdxaicichad,rmsaumteﬁabkpxy,
t , .
nept af | uor LSRR P R bbb R BRI AP Gk o
(tri ]1: : uae onﬁrﬁgﬂptoefutlfa}‘ﬂhwmat@emmwieamdmemidtiummmymmm)agﬂm,{h
t uor o u in e case
511 near CorrARREEAY SRS s R Ckon dbEh N st héh-
pent ame';] hﬂjphrﬁelﬂiy@xmllytﬂuerﬁrmiécuérbuwjate :igaetdb%/dF]rsnlkmxe;al thersioit Ewdnehiles | oxy,
t aet i Sigl.0X 0X ri.me Si
Pr1 et hoxydPar BRYeh BE R SRR L Heliepohly T gy B Fy on
30triet hoxymethqkythyl; piopiyh teopeb s, Iiswpmpem&mmm;btwnydr@tﬂmmenyl

if-trimethy i, Sil ox si | oxanes

t he case of u
B R e S e A e St 2 T
<F3)ane of gbeiﬁefnosy, In@ﬂﬁmﬁﬁanow,cdycme@wx@méﬂhylbwwswbw aﬁﬂdoemett ﬁyl
referred e e net hoxy,
ethyl, et hoE@n‘;& %t'ﬁ%lr P%@a‘c 6‘?‘#‘%@'#%050&"?93? peﬁtaﬂH’aﬁoﬁiﬂpyYet hoxy ané
substi t gt e?héptém&fbp?@fjl BsHropi, He bl @Foi§dprogyh tﬂiﬂi!fomll prrﬁiﬂenﬁr?r use in
compounds. sEGIBPY B ERECoRH PP CBLSOBE Yy o ot 11 it ed
to, sil age, Parhethyi fludtophehyl| SrdeaarR: sloheigt, hyl si | ane,
t et rame?ﬁyl gz; e)t}m UI adrﬁI hM e g ordc? m] et hy|.si | ane,
ot oot S B s SR clof B ORI R IR BRI, | ane,
tetrapropyl Feﬁtaﬁvéroétr&g@r @sﬂN&:r@b*@Bﬁy pdhteﬁatnemyw, hetaituoropropoxy,
trilsopropylsilane, tetraisopro ane, si| ane, dibutylsil ane,

tributylsil B‘W@ﬂ”?r@lsf')&'@ﬁ?w §’FP§‘HE°F°WBPFH9?’EVP f”rﬁ@%‘l‘?@%?é)’l ane,

di met hyl di npéhsussdudd)g, nérdfitmidpytonRt ﬁbrbﬁﬁ@m 5 trimethoxysil ane,
tetranet ho>r<r§5| | ane, et h%/d’r@'[t hox oq?aﬂr?g Xinﬁt hoxysi | ane,

met hy| t 2 et HEUPEMeh)tetrivorRear st HB@&Féﬂ‘I“’&ﬂ clohexyloxy,
trimethyl ”E(thﬂl?b)’éihétﬁfl}ﬂecéﬂijdré@}cmméﬂyaﬂhmeﬂ‘g@Ib)w @i hecasé bRear

et hyl dl et hoxys poxy. ane r |Iane

trimethyl pr8 fw%% taws‘fhsr{sé%gHff@%@@#qxaﬁéemamthvldfsm dbthyision,

net hyl trii sQRERRINMS triediRiisiloxy, pentaethyldisiloxy, dimethoxysiloxy,
trimethoxysiloxy, trimethoxydisiloxy, pentamethoxydisiloxy, diethoxysiloxy,

30 triethoxysiloxy, triethoxydisiloxy, pentaethoxydisiloxy, n*-trimethyltrisiloxy (in
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20di net hyl di i sopropoxysi |l ane, trinethylisopropoxysil ane,

tetrai sopropoxysil ane, nethyl dii sopropoxysilane, nethyl phenyisil ane,
nmet hyl di phenyl si | ane, nethyl tri phenyl sil ane, di nethyl di phenyl sil ane,
trimet hyl phenyl si |l ane, nethyl (nethyl phenyl)sil ane,

met hyl di ( nethﬁwape]@fr@mbgsibames Aegh3e @Fﬁ@ﬁ@ﬂhﬂ@ﬁ@ﬁﬂpﬁrﬁ)@néﬂ -

met hyl phenoyy,

di met hyl di pﬁenoxy %@ ﬂ}{ltlﬁ]%&%’bq)é%&;}:s 8?(%)%?? gsne

met hyl di ( neod:tgrmphglnwwfsaéulanme)d|PmeferI*n§cl eb(aanmsf'gﬂ&?ﬂbﬂwglyﬁ?mm

e i {7 {SERSHRUTL TP B QLKA EL R e
trimethyb( C?mbnham%stlmwdesllomeanwmemtdwraﬂﬁot gh mwg)wsta fanese in

30mnet hyl di (e ilane, nethyltri(methyl cycl ohexyosil ane,
di net hyl di ( K& %‘L@é@r @@5 %ﬂiﬁ | ane,

tr|nethyl(nethylcyclohexyl)5|Iane met hyl (cycl ohexyl oxy) si | ane,

i ot iyl o ¢ IOBRE Ry EADEf PERICER RblliG FebincOPES BRI B US| ane,

met hyl di ( retiisgibsyre ireheey buvars aol lmmd fo, silane, methylsilane, dimethylsilane,

hyl h |
o ot 10 ( FesiiEng driyabysiane Bfhysiane, dietyisians, fistiiene,
f1 uor ot ri metdipkesiishar, pl‘ﬂpybyértef dﬁ:@@ﬂwsﬂ!bwtrmmwnﬂmyé Seﬂ'anepylsﬂane,

trifluororrethltrlf?&ferlf uor o thox% ane L{ otrlegﬂ si | ane,
triacet oxysi®® Wé’yls hg'WPFqF’X QPEGRS! %/?enfl SO I ane,
vi nyl net hyl dumsﬂérwui&butywﬂme tibutEsitanke stetrathutyisilanet hyl si | yi )pr opynoat e,

t t hyl si | I
t :: gt h§;| 2: ,nij/q Igyfltpqnp %llésg %%At%yl%:metﬁoxysnlane trimethylmethoxysilane,

tris(trifsl U@{r@é’fﬁéﬂ}ﬂaﬁe' aekr)ahfetﬁmgraaaométaylﬁ«.,etrtdscy@rhhg,l acet oxysi |l ane,
tri(trifluoroacetoxy)sil ane, rélt“ rn;is Fagw&&% S|Iane
10met hoxyt r Mty 'mﬁ P@é”'@@‘ﬂ%mqgw tiape fpetpylfig 80%xy) si | ane,
tetraacet OXYrﬁhétﬁﬂl%eﬂ‘Bﬁﬁdiﬁhé rtemh@eymﬁnbam@thylethoxysulane

phenyl di et hyI acet oxysl | ane, hengl di et hé)m%é% Ft‘ Si |

phenyl acet oxathYIdiethasysiane, pethyipropaxysilage, dipro oxysrane

pent anet hy143nah bl@:ﬁdﬂlsﬁéﬂé)@%ropoxysﬂane methyltruso ropoxysﬂane
met hyl tri acet oxh/il aneet hyl tri acet oxysi | ane, I'triacet oxg3| | ane,

met hacr y3%ox et @Iﬁyp@ppman%ttmﬁw S&E@PBW%#W% aispgropoxysiian
di met hyl di a‘?ﬁét%%ﬂ)!@ﬂ@xys%m-i n@ﬁ%eﬁ?@ﬂéﬁé}’ﬁ\&h ﬂﬁ)henylsﬂane

di benzyl oxydi acet oxysi | ane, hyl si | mal onat e,

bis(tri et hW%hMWBWM%%@W@QY’H@J@?‘PY&%“@"G é@ﬂ YROEMISHBR®Y | si | ane,
acet oxytri mphdiig ét@%en@?ﬁhﬁé}’rﬁ?ﬂwbwi(ﬂb mhym@ﬁ;ﬁxym | ane,

triethyl (trifl uoroacetoxy)silane tr| fl uor pacet oxy) sil ane,
20 phenyl di (fﬁf?*hkflﬂ”(m?tbﬁﬁlﬂWB&'!?@@OWS’MP&%OXVS' ane, methyldiphenoxysilane,

(pent af | 4401 Qﬁ}P&H Hl%)ﬁéﬁH%S/Qhéh@Cﬁé%l(ﬁlb{h?ﬁﬁenoxy)sﬂane

phenyl di met hyl (tTi fl uor oacet oxy) $i'l an

phenyl (trif m&ih\d@imtbydgb%ox%ﬂm gimaipdi(methylphenoxy)silane,
(trifluor Op*}ﬁé}b@{%c?ﬂ%é%bjézrahﬁ%B ;yﬁii(bﬁ&ﬁ]exyl)sﬂane

phenyl acet oxytri oromet h sIl’ane

1,1,1, 3, 3- pé‘ﬁ@ib)(’tfl(q!/ﬁhh%@ﬁtlﬂﬂ‘?y ﬂW%bﬁ@@V@}QWB$'FB%ane
25(trifluor qnﬁ&w&% 86N hANRRIIHAL EbRSS Sanel | ane,

(trlfluoromathg acet'oxysi | ane

(trifl uotonenethyli m¢thvipmrtswb%ag)m@taﬂwmﬁtpglpy%xyf)sﬂane
met hacryl oxy cf'ﬂ% IHi rfn!e ySIJkgﬁsﬁlah methylmethylcyciohe silane

(trifluoroet ri ace tr| uororret yl ydi acet oxysi | ane,
di - (nonaf| uonethylécvdow)@w&d@l&)m&ihy itsyclohexyloxy)silane,

30di benzy! oxy hgm%fr !S’ﬁgt h%gugﬁé()cﬁhleﬁgﬁ iy clohle)&[ Jsilane,

acryl oxytri ( r ane ytr uor onet hyD5| | ane,
acetoxy(trifluoronethyl)di nethyl acet oxysi | ane,
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tetra(trifluoroethvBsilane, (trifluQropropypsilane,

di (trifluoropropyl)silane, tri(tritluoropropyl)silane,
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15 net hyl (pent af | uor ophenyl ) sfl ane, net hyl di (pent aphenyl ) sil ane,
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30 [0052]In a typical chem cal vapor deposition process requiring at
| east two precursors, there are several nethods by which the
conponents-can be conbined. Referring to Figs. 1 and 2, such a
process is shown. One precursor (e.g., a cyclic alkene) is

t ranspor t eddiftifiemromeationtdilcvndshexdoxy)sitaheugh chem cal delivery |ines

(2), to a vaporizer ans. £3), housed in the film deposition tool
(11). The p @HWPgﬁhyﬁﬁﬁeﬁ‘é@%'aﬂ%@?‘ﬁé'ﬁf“Pr omthe container (1) through
thehd_el i veryr_iﬂhbPmﬁ@)dt(gietﬁy&wtapwowygiimans (3) by a vari e]'Ey ﬁf
o o R B 5ol TR o o3 i g moeh i i
gravity § eedlrifiordmetayTiRiihaithitigiohbr/iegfsiark) &ri(flaonthatieg)sise, (e. g.,
Cont i nor RS A GTeChSN et deretaBg bR s Spor zer
nmeans (14) gies§ltrifGorohRtidxysilgesn ewstiyi@fubewthddisiland he second
precursor can be transported fromthe ¢ ai ner (1% t hrough the
delivery | iW@th(ﬂﬂﬁtf'ﬂ‘ﬂ?ﬂ"’f‘ﬁ@"q}ﬁﬁg"f"?%WMH@@”PT@&W)SQ Nariety of 10

t echni ques, dirRtHyldtirbordatioxPRilard, Hrietlitruolneasenyisiiaké,on of the
container wth an inert gas n:})méi punpi ng mechani sm

| . use of a mecha
gravity If eeﬁl’?thMth’ﬂléﬂfB‘?thaﬁ)%‘?@?t W@W@ﬂt"ﬂ‘[_‘%%g lBne: event that the
second preCH}'éﬁ]?[étriﬁlﬁargpnopéxﬁ.‘sildn@?ﬂlm@@@?dﬁiriﬂh&ﬁi:r:bﬁo%Qil%@zé,nd) is a gas at
roomtenperature, or 1t requires subStantially little or no energy to

be vapor i zetlimeghi(trifluaroprrnoswistane, methyltd(exaliHeipisorIoPeXPsianss ocess 1 i ne
(5, a secopﬂle Eiﬁfnoﬁﬁ o;(cﬁ(@silé?@{ be replaced by a val ve, check
e, gl N

val ve, baffl¢ usi ng apparatts or simlar device nmeant to infuse
gas into a trimsthyhexafaptsdsopipraistiang, metwistihexalliawisoriapssy)siatei on. 20

0054] It .1 S ; t i byl ig abl e to have at
I[east] one v?8@?@%@“#@3‘%%@%@%@%&?%‘{p%”{fb'éﬁ'z%ﬁ@é'vapor process
line (5), imethyltd{pentapbeyuilsilane; gimedyHpentafhororhesylaee.vapori zer neans
3) directly; SRNebhd ; ; j ecting one
E)r) nor e addﬁnlseghr?g@%% vapg‘ﬁ%@2?Hrﬁgglﬁgwlg(ﬁshu?rgﬁng%@g?%bor ’

process |i nme(r[y}di[(iriﬂuﬁr@r.écmwk)phngHSi‘éﬂQimwiﬁi[(ﬁﬁuéﬁm)PbﬁI)y.!}SfIGNG,

firect !y to T EETaRIoAES 0 BRe! figrRipafARRTYoBRR et

vapor i zen mdiameshy(di(pentsfiuoophamosgisilance methyiltidbior@netayiphesmideiees to a

becones a1 DRYHIREBRT A BS0ARod R0 T) P2 ed o bhe. deposi ti on

chanber (4) dinjefid](trileatomethydlepanaxyleilarieeni cal delivery lines and

;/gfo; iMZ)erorgi‘%’@&@é‘?‘?céﬁﬁ%mw‘ﬁ‘)'%%%"%e%Cur sor, however it is possible
methyldi{undecafluorocyclohexyl)silane,

25 methyltrilundecafluorocyclohexyl)silane,
dimethyldi{(undecafiuorocyclohexyl)silane, trimethyl{undecacyclohexylsilane,
methyli(trifluoromethyl)cyclohexyljsilane,
methyldil{triflucromethyljcyclohexyllsilane,
methyltrif(trifluorormethyl)cyclohexyljsilane,

30 dimethyldi{trifluoromethyl)cyclohexyllsilane,
trimethylf(trifluoromethyl)cyclohexyllsilane,
methyl(undecafluorocyclohexyloxy)silane,
methyldi(undecafluorocyclohexyloxy)silane,

methyltrilundecafluorocyclohexyloxy)silane,
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vaporized using a single vaporizer nmeans whep the two precursors are
chem cally conpatible. Wen using a single vaporizer means (3) both
precursors are conbined or separately dispensed through a portion of
the chenical delivery line (15) to the vaporizer neans (3). Wen the
two pr ecur sdinsilyid{uadatsfinecbepelologxylony)gitgmel i zat i on, as shown in Fig.

2, the proces ol v hel . conbination in the chem cal
delivery |ifi¥ ﬁlﬁgﬁs'ﬂ”%?‘%ﬁ{?thq ‘6’53 i ‘Si“??ﬁr on of the two precursors in
t he vapori Zﬁfetﬁyﬁmtﬁﬂr(o%meﬂ‘\bbwddhexylmsnémurSorS are separately

di spensed thr a_sin r ans (3), the sequence to

di spense eaflf M@@UP%P'%EEMS@P@?W@ Wi¥o8%ve fiow of one precursor

t hrough tshe dghanji@ nﬂﬁ@thﬂTyﬂOcjrd!é‘r%xﬁrl&@}sﬂbﬁe tﬂmamemrdrsmeiaﬂa?ans (3) to
foll owed by flow o second cursor h t he m. cal delivery

| ne” (15§ oRRETokpRaE CHElsa SISt BT Oy Bipiorane,

Al ternati veHréthwthmémymmmeatmﬁaﬁyr&yerorﬁswame precursor, flow the
second precursor, and repeat these stegs unt i the desrred | ayer is

f or ned. Thetqiraa@éfyécye@&irasgowrsr pentaragfayienciarepiasiR@ne; | m properties

desired. '”tétﬁ%tf@%?ﬂbte?rﬂ@rbx@ﬁé3be‘ﬂfh%tﬁ9ﬁ:9&6;be’r%srH?e?rlés (3) is 15 used,
the second vaporizer nmeans (14) is not needed, [0056] In a process of

f1 owi ng ¥wo hgxameth¥exciqiisdioyans ostametyiryrlotedipailoxeee.cheni cal | i nes and

vapori zer ”‘aé&%etﬁyléwclpéﬁ{a%rt&fa@rﬁuﬁﬁﬂﬁre% Wtﬂﬁ?ﬁlaﬁ@r each precursor
can range from about m nut e. The vapori zer 20

nmeans (3, 1wrb@tmmaﬂwayﬁréaﬁemm@t%ﬂx}mmnaqdr(tﬂmﬁﬂa&ﬂlrgréﬁem!@ea
vapor or m %xa(ﬁmdorornemdrsﬁ&ca\f@r b&é‘(‘fnfﬁrsl‘bm@ﬂﬂﬁb ilogaeh as heat, high

pressure gas, or ot means to acconplish thi's task AIternatrver,
t he vapori zéms(frrﬂ@rrrgmetkwl)tmyoxm9 teiiiugtomsthyloydptrisiionaret hat hol ds a

vol ume of, l't&hﬁéﬁrﬂuérﬁh@ﬂ%p mtgrﬂas%exédéeséwm@oroﬁaétﬁ%eo@%aazogsﬁ@s to

(a) convert precurs roma liquid 25 vapor

transport tra@dmnetulwémrevfapor into the chem cal vapor process |line
(5). Regardless of the vaporizer neans (3, 14) design, the conversion
of the precursor fromliquid to gaseous state may take place either
in the vaporlP@¥j nearf¥efeged eAnmplesiohsitisen containingeorIRQINIS i beredda | i ne

o oo PL ol Rgfad Sl RS LBRB e B Sbugidaner, of st | Lo the

chem cal roce I"'I'ne y heat ed between
about 30D arteltramaiby!cﬂ%t@%lwmmethvihmiﬁemow vapor from

condensi ng |l olobBftat bbb oy biberRgeygser components

can take pI nt em ca or in
di fferent | actmeimdcyniotdtrasilotmmedmptivltiatioxysilmaeber (4), dependi ng on

another. - TREnEfeERREns Byl RERpESIaL Arlcliiiho e
degoi’sir ; r[ gn( diisiﬂhmthﬂsﬂ!yi)aoﬁyim rrtmhy‘ldrdnmr\diep?iamet ammﬁqldlﬁthd))sslawd
Geposi 1 6 el ageellsbiint A TERR R MR ifrg
oper at ed at anfiiimathylsidsstylend areengst pfertany o) ysehintthe semsobduztaso
comon to operatte bel ow at nospheric pressure, fromabout 0.01 tomto

about 700 tdf ? "¥o enhance vapori zation of the precursors and to help
keep the precursors in the vapor phase.

30 [0052] In a typical chemical vapor deposition process requiring at least
two precursors, there are several methods by which the components can be
combined, Referring to Figs. 1 and 2, such a process is shown. One
precursor (.g., a cyclic alkene) is transported from a container (1), through
chemical delivery lines (2), to a vaporizer means (3) housed in the film
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[0057] 1t should be understood by those skilled jn the art that the 10
connecti on between the chem cal vapor process line (5) and the
deposi tion process chanber (4) can vary from deposition tool to
deposition tool, depending on the requirenents for the process. For
.exanpl e, deslegositionetpoli(nt). ukhe pracurserssan hpdraspstes frdnathegiohtainer {He

These iy 1| MUDHOILE B e i (8 en Bl 8P pRbrPRRE) ANebibe, "0 28 °F

heat ed zone téahnhypas, igdsdaﬁg bait noi:dimmeg ta,pnessuozation lof thaswsatairer atithanber to
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over the su'apd%%'g%qs,gs %%eb ?@H@%@? rﬁﬁcﬁg“'%ﬁ‘aﬁﬁ%@*e?gu e chem cal
vapor s f rsomcbimbirzatiens matedfla‘ﬁm sqmmd@mui'sonﬁeg 53 silitorocataiaingaf f | ed

t h h
berors 20"t iampaund & PatbeRs g fobH s aa R ALRL G BT RISHET0 i on
_CEanber k( :1) deﬁ#@ytimstd‘le) wgpiaﬁ?ﬂzb%mhr&siasb gmetlhatheeﬁlra dapesifiabl e in
't he market an eir variagbili ased, on nee rocess,
t he opti ons%%‘ﬁé ﬁ b&‘? P 8FFFC§'7""¥°H C@‘éﬁ% I Oﬁ'et%‘a corgtém[eb ]1n our
general exafmlo@gh me:lemv@ytun )V@w\@r\apamrtrreanspmobgd: viahietywgh t he

h | I the subst
Gopost 11 8 CRARRES ALy 1 RPLTRO GRS AR 5 DR B Vo | zer

means (3, 14n ;ngﬂﬂga§ﬁs§@ﬂhﬂfecﬂ§ﬁic$l$mﬁ1¢ﬂ@|m&ﬁahlsmmfavapt%@eort ank (7)
and flows thro s delivery line (8) to the chem cal vapor
process |Iné30(1§;$na '?Hg?‘l?f?"gtream of gas, having a flow rate of about 5
sccmto about 10,000 sccm is often heated to enhance vapori zation of

t he precursors to help keep the precursors in the va pha The
gas used mayl0Bel; nert!?1 t@%@\‘ﬁrﬁ@f’r"lﬁler??@%é)p'i’?é\“rﬁar Ceft %1? 8%‘ CO(E‘

simply tes acéon%ﬁ)uﬁdﬁ'gﬁfb%sta@ rdon@teRirdtuiel er upre@amé§mbsmguy Iitie 6rh©
substrat e, it may be a reactive gas, Suctgﬁﬁﬁ?mﬁé ozone,

ammoni a, ni t‘?ﬂﬁﬁ‘! *@)hed@mff@do%ﬁ"ﬂt @l“ﬁ?ﬂdﬁéed atpy 9@8*’ P!'gc?aﬁﬁ fine
silanes, sil(5¢Qisdcghd @édddi'féé:' rﬂeansmldr R&) B8 rédMsbetig d Ve, cRe@nadece the

deposi tion process. precursor vapors are trans&grted to

t he subst rat%ﬁfﬂ%)‘j'ﬁu@nﬂﬁéﬁ’ar@ﬁiﬁ Cﬁé‘rﬂ‘ﬁféé"'?ﬁ’ pgaghie e gasdMoatPant s, in
addition to ‘th Sndet MBORE MR tolePaBBRBP&GEatidrs deposition onto the
substrate. e reactants nmay be reactive gases as nentioned above, or
t hey may2be ot her chemical precursors such as am nes, am noal cohol s,
al kanes, al k@ﬂs al kﬁiﬁﬁ]p,oﬁéﬁqe%%th&t?hﬁﬂéit iskRLPAAS to dviaRyales

ds’ an i ke. The

carboxyllc a d the _ . B
one vaporizer means (3) attached to a chemical vapor process line (8), itis

also possible to connect at least one vaporizer means (3) directly to the
deposition chamber (4), optionally connecting one or more additional

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

30 that is optionally attached to the deposition chamber (4).

[0055] Ideally, separate chemical delivery lines and vaporizer means
are used for each precursor, however it is possible for two precursors o be
vaporized using a single vaporizer means when the two precursors are
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to reactants are carefully selected to enhance the, deposition 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 introduced into the filmdeposition tool (11) by various neans
and at various locations in the process, depending on the desired

effect. It icheMRally EQNYAMIENWHER ubiRd beMdfBrapofiSaGhais é@ﬁbdtﬁ‘t o the
filmdeposition tool (11) in gaseous form so it would be necessary

to have an #IRRWSBRAle caspireserserpiaialy digpensed dgusin epeion ofilied

reactants arcﬁeM&%ﬁdel?@Brﬂﬂﬂi(%)%%{e %Bﬁiér%ﬁ‘éan@‘% DSAhEX thHeamodel i very
line used to introduce 'a reactant can be, pl aced near_the point where

the gas del iPFeeUSArs Ake eabipgchprior thanoRzaioRafs $kayer indie e 18 Arpsass ( 5) |
upstream or : AVE: TaTal M A= icHERk { | 3411 or
near the 5gl asgﬁn%‘? 9) %gﬁﬁ%&r@éﬁge Eedrtéggﬁg@he S g%rsy(ﬁh%gﬁ) %Slrldvfb%o?t om of
t he fil m depgysieppizationghthertwp pyecyrsormia the vaﬁoaé@'dge@nmft%en thet) .

[ 00601The pr. i : I
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may be preh H‘ﬁ%qc R_F%q : cont act
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substrat & Aolsivaesirhy floswyofed sazobeé plesursor hraugtl theehayyicalsietivesy fimeedd) sor
vapors and : . it | [Aﬂg; t4 ] may be
pul sed on aﬁg'ﬂ@e;\fa?)to hg%hrg%%%e@ﬁ%h%drug%gﬁ e %%H?Ar?ggl&'e%g% '-Bé:"gﬁﬁl m The
pl asma powernezddo fiow see grrcatsoofloartbe secontlpréouras) @tk regestdheselsdemse t he
deposition of... UL . h . i he
chon cal 1 dalitl 08 BRERINS e ofnd Hothidicte MRk PuckRiley e
substrate. Thefilpl prepartieagesitezo 1béheapeht thdt anheonavarsmiger medns (3) is
frequenci gs, i . asnma power nmay range
from aboltllé9 Ws\é@e@gﬁép%&%%%??%%wﬁ@%%ﬁ%&%%g&e may al so have a bi as
of between about 0 and about -400 VDC to enhance naterial transport
to the subst . The, su t ) r about
500 Cto 5 enb?{@r caul&ea 8’%’%%%&4? ﬂ%@éﬁ&@%@%%éefwf’ {?38%'? g’?ﬁ}r’gsugkﬁéé%ﬁ&%?e
substrat e, athemigal hessmebvaporizarimaesne, 4 bdtablewscursar lonf raterfeceachor on
the substrate. Unreacted terial xh t through an exhaust
[ine (10) roBeIarranan o oa eoau R B e T Efahier P8 AR EAT S 't he
fil mtoprepenbaess, mrsﬁlmmsaai{ mmba?:hktbxcohm iltcmid %lecm%&bﬁr\labngoxsi | : coE
cont ai ni ng coprpound, the cyclic ene e oye and the use or |ac
of e of va P @ sabt e dbipleBmifias S sbtest BT 38 e o
the fil hm depstBért hedhs tb%c&rﬁb[ltshaﬂ'lis 'ieis!leltaMa&ﬁalyﬂ,Shétéd}j&izéﬁﬁeérQ (a, curing
step. The cufjng steps mpy also oyed to L e.q. the
density or e{‘gr‘?g?ﬁ%ﬂns%gg%g?”tt?‘%‘?fgﬁﬂf%%?‘#@y ‘qu"l"ﬂ% Oﬂ&”tié?{ﬁlégq’f‘f"‘lg"gl? an
pr ﬁperti es Siﬁéﬁg%;sfﬂok\@dh ?qslrﬁmegrﬁﬁs toQhpdoroért the freastaiionad dquidtd #Us
ot her properties of the film ese curing steps, nmay conprise a
Cher mal - £ oaYAROR NGB} FRNSREB e R PSR GEPRAT (PR BRITHALIEOLR OGRS ous
heati ng rreaniﬁA\IeS(Q): FR@@aerras 8lhehapdizer Peamns(3, i Af desiggineaBAdersion of
M Cronaves. ’chetp?e;crtlxai?stolr\f/r%my quutlcp t% g%lélééunsgstaqg%ay take place either in the

vaporizer means (3, 14) or in the chemical vapor process line (5) The

precursor is injected in the form of a vapor or mist into the chemical vapor

30 process line (5) that is commonly heated between about 30 °C and about 120

°C to prevent the precursor vapor from condensing inside the line (5). Mixing

of the precursor components can take place in the chemical vapor process

line (5), or in different locations within the deposition chamber (4), depending

on where the vaporizer means (3, 14) are located with respect to one ancther.
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conprise a plasma treatnent, or a chemical treatnment of the film
These curing steps may take place in an inert atnosphere (e.g. noble
gases), a reducing atnosphere (e.g. hydrogen, or hydrocarbon), or an
oxi di zi ng at rosphere (e.g. oxygen, air, ozone, nitrous oxide, carbon
di oxi de) dejfhadhemicdaoor briveeskliier(8ds comectal to dradermsition tthamberi t i al
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neauspace OlhpréafdrLaMeUARIT phase.t hen purged three times with roomair
over the course of 6 seconds prior to the container being seal ed at
anbi ent pressure. 5 [0064] Sanpl es were then exposed to tenperatures
of 60 or 80[6a57pr a MeghHoOM @u%rﬁ&ﬂ@m@s§$mﬁdahmm%mt ed

decorrp05|t|on conditions. After the experine Iete t he
vol ati | e i forngckonhefween iR Fhemiehyaery Hrﬁﬁﬁg%@@”ﬁ ROS{98Y at ur e,

and the nonyyqbas bﬁé?nbiﬁ({@fwﬁl'édfﬁ&n%@@&iﬁﬁrﬁob!&oﬁ@ﬁ@éﬂ’&dcbﬁhl nd. The
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of the cont gd\Rfe @ﬁ&@gspgdaatusé@%tmtthemﬂnglﬁefaqﬁgrubam{geween the
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under t hose dishitution ehgasesydthingibe systemp d hggrimay Inclugeananparal ‘é:?t ed out
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occurred, I nal mass was nmultiplied by 2 |ve t e am)unt
of solid thdecopigperhe qhamb@rtmallpwmr@ﬁsuwﬂ@fatmm

Conparative o@fﬁ%&%ejs obeﬁﬁxe[sf&%éé Fesyhics @éﬁ@ﬁmgyﬂfer é&%mp‘?e %onﬁémw

that for pure Sl gnl I cant anount of ecorrp05| t1on was
observed wheheimicalwaposxisondae cheraical vaper racass ling (5) through a bafled

mixing apparatus, through a heated zone and through a showerhead before

20 the gases are passed to the subsirate (6) in the deposition chamber (4). Due
to the complexity of designs that are available in the market and their
variability based on need driven by the process, the options are described
only in general terms here.

25 [0058] In our general example, the precursor vapors are transported
through the chemical vapor process line (5) to the substrate (6) in the
deposition chamber (4) by a stream of gas flowing past the vaporizer means
(3, 14). The stream of gas is supplied from a source tank (7) and flows
through a gas delivery line (8) to the chemical vapor process line (6). The

30  stream of gas, having a flow rate of about 5 scem to about 10,000 scem, is
often heated to enhance vaporization of the precursors to help keep the
precursors in the vapor phase. The gas used may be inert, such as nitrogen,
helium or argon, chosen simply to act as a means to transport the precursor
vapor to the substrate, or it may be a reactive gas, such as oxygen, ozone,
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Tabl e 1-.

Stabilizer

Deconposition Tests of NBDE Exanple # T (C) Reactive Gas

Resi due (glL) Conparative 1 80 Mr None > 3.00 Conparative

2 60 Air None >3.00 Conparative 3
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ammonia, nitrous oxide, carbon dioxide, carbon monoxide, SiHg, silanes,
‘silicon feffafluoride, Rydrazine and the like to enhance the deposition process.

[0059] As the precursor vapors are transported to the substrate (8),
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 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 introduced inte the film
deposition tool (11) by various means and at various locations in the process,
depending on the desired effect. 1t is most convenient to infroduce 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 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 downistream of the vaporizer
means, directly into or near the plasma (9), and/or somewhere on the sides,
top, or bottom of the film deposition chamber (4) of the film deposition tool

(1),

[0060] 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 fo

enhance the deposition of the precursors on the substrate. A plasma may
also be used to atld energy to the precursor vapors and enhance the
deposition. Additionally, the plasma may be pulsed on and off to change the
properties of the deposited film. The plasma power and pulse duration are
carefully selected to enhance the deposition of the precursors on the
substrate, and to modify the chemical identity and properties of the layer
deposited onto the substrate. The plasma may also be applied over a range
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80 Air 100 ppm BHT 2.29 Conparative 4 80 Air 50 ppm BHT 2.72
Conparative 5 80 Air 25 ppm BHT 3.00 Conparative 6 60 M
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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 transpori to the
substrate. The substrate may be heated from about 25 °C to about 500 °C to
either cause thermal breakdown of the precursor on the substrate, or may be
used to enhance the deposition of precursor on the substrate. Unreacted
materials are exhausted through an exhaust line (10).

{60613 The elemental composition of the film, and thus the film
properties, can be adjusted by the choice of starting silicon containing
compound, the cyclic alkene employed, and the use or lack of use of various
reactive gases in the process.

[o062) 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 density or elemental compositions of the films to change film
properties stich as film strength, dielectric constant and various other
properties of the film. These curing steps may comprise a thermal treatment
by the application of heat through one of various heating-means such as hot
plates, ovens, infrared lamps, or microwaves. Alternatively, the curing may
comprise a plasma treatment, or a chemical treatment of the film. These
curing steps may fake place in an inert atmosphere (e.g. noble gases), a
reducing atmosphere (e.g. hydrogen, or hydrocarbon), or an oxidizing
atmosphere (e.g. oxygen, air, ozone, nitrous oxide, carbon dioxide) depending
on the desired chemical change in the initial film. Such processes are
described in the art and known to those skilled in the art.

EXAMPLES

[0063] A series of tests were devised to compare the decomposition of
pure NBDE under various conditions against NBDE which has been stabilized
with an additive. In these tests, glass ampoules were filled with approximately
50 mL of stabilized or unstabilized NBDE, leaving approximately 15 mL of
headspace. The samples were prepared in a nifrogen-purged glovebox to
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50 ppm BHT <0.01 Conparative 7 60 Air 25 ppmBHT 0.40 1 80 Air, 100
ppm VHQ 0.61 2 80 M 50 ppm MHQ 221

prevent exposure fo adventitious gases befare the experiment. The
neagspace O eacn container was then purged three times with room air over
the course of 5 seconds prior to the container being sealed at ambient
pressure.

[c064] Samples were then exposed to temperatures of 80 or 80 °C for a
period of 24 hours to simulate accelerated decomposition conditions. After
the experiment was complete, the volatiles in each ampoule were removed i
vacuo at room temperature, and the non-volatile decomposition products

10 remained behind. The extent of decomposition, or residue formation, was
determined by comparing the mass of the container after the experiment to
the mass of the container before the experiment. The difference between the
two masses is the amount of decomposition that resuited in the sample under
those conditions. The mass of the additive was subtracted out to give a resuit

15 that only represents the decomposition that occurred, and the final mass was
multiplied by 20 to give the amount of solid that would be found in 1L of
sample.

EXAMPLES 1-5 and Comparative Examples 1-7

20 [0065] Results outlined in Table 1 show that for pure NBDE, a
significant amount of decomposition was observed when it was exposed to air
for 24 hours,

Table 1 - Decomposition Tests of NBDE
— Example# T(C) | Reactive Gas] Stabilizer | Residue (giL)
|~ Comparative 1 80 A None > 3.00
| Comparative 2 80 Ar None >3.00
" Comparative 3 80 A 160 ppm BHT 2.29
™ Comparative 4 80 Air 50 ppm BHT 2.72
Comparative 5 80 Air 25 ppm BHT 3.00
|~ Comparative 6 B0 Air BOppmBHT | <0.01
Comparative 7 80 Air 25 ppm BHT 0.40
1 80 Air 400 ppm MHQ .61
2 80 Alr 50 ppm MHQ 2.21
3 80 Alr 25 ppm MHQ 2.683
4 [d] Air - | 50 ppm MHQ 0.27
5 80 Alr 25 ppm MHG 1,15

32



380 Alr 25 ppm VHQ 2.63 4 60 M 50 ppm MHQ 0.27 5 60 Air 25 ppmMHO
1.15 Wien stabilized sanples were exposed to air, |ess deconposition
was observed in all cases :conpared to unstabilized sanples.

Conmpari son of BHT and MHQ stabilized NBDE shows that at 80 C for al

o At e ieBhaRd bAfblks W LIASPRAE oY RBSMBERRRad o' due

formati on an
" ‘obsefvédin all casées compared to unstabilized samples. Comparison of BHT

and MHQ stabilized NBDE shows that at 80 °C for all concentrations of
stabilizet, MHQ unexpectedly showed less residue formation and thus, better

5 performance than BHT. While these stabilizers inhibit one decomposition
pathway, it is believad a second decomposition pathway is also active at 80
°C that is. hot completely prevented by the addition of stabilizer at these
concentrations. On the other hand, BHT performed better than MHQ at 60
°C. Regardless, of temperature-dependent performance, it is clear that MHQ

10 effectively reduced the amount of decomposition compared to unstabilized
NBDE.

[0068] It is important o note that vaporizer means typically used in the
semiconductor industry for chemical vapor deposition applications often use

15 heat as one means of vaporization, but the amount of time that chemical
resides in the vaporizer means is commonly less than one second. The tests
performed above, with a 24 hour heating period, were designed to test the
limits of the chemistry in the presence of a stabilizer. Further, the tests were
designed to accelerate decomposition that might occur over much longer

20  periods of time (e.g., one year) during shipping and storage of the chemical
prior to use.

00671 Though the data above suggest that higher concentrations of
stabilizer are preferred, the actual concentration needed is a fine balance

25 between appropriate stabilization of the chemical (where higher
concentrations are preferred) and reduction of the amount of potential
residue, such as the stabilizer itself, that could be left behind {(where lower
concentrations are preferred). The best balance between the two is met by
stabilizing a cyclic alkene using 25 to 50 ppm of stabilizer such as MHQ,

30  where the concentration is dependent on the type of stabilizer used.

EXAMPLE 6

33



5 performance than BHT. While these stabilizers inhibit one .
deconposition pathway, it is believed a second deconposition pat hway
Is also active at 80 Cthat is not conpletely prevented by the
addition of stabilizer at these concentrations. On the other hand,

BHT perfor tter f .
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rr?ch Iongfertrﬁ&e@ﬁrth_edlswojfnﬁéth‘ﬁdi(eﬂmogysilam@mm? h)irdﬁrp:m[gmgim'tqipi Bg and
storage o e chem 0_usge. ou e _data_abpve
suggegt thataﬂﬂrﬁﬁﬁ?te@?rqggﬁd"agplgoﬁf?s @A’ é@&% Ilr;l;?eqa%dp' Lﬁ?@fe@ﬁppﬁ%‘ﬁot he
actual canceapasing anaeadm Ws Thefsubstrdi@isdradid 1beamdh aqpspatei at e

tabilizati f ot I cal .hi gh trati
o1 cforrd) oS Plerdd AR HoRAE SRS PR TG PRPOTEU PR cuch as

the stabili zg@striteebing théxricomaibgs,.be | eft behind (where | ower
concentrations are preferred). The best bal ance between the two is

nmet by stabilizing a cyclic alkene using 25 to 50 ppm of stabilizer
such as MHQ 30 where the concent r gKAMPLES dependent on the type of
stabilizer used. EXAMPLE 6 [0068] The precursor, NBDE, stabilized

with 50 gpmof MHQ is transferred, with the aid of helium pressure,

froma stai njoegs) stee’rh&?ﬂ%aisaﬁwsm,%mlmz@d GRRBO@PM sfliH@esy line to
a heated vapori zer at_a

. low rate of 1 mm n. The precursor, |S
vapori zed i nf@sieredelite Hie ‘ﬁ‘)‘aﬁghelbﬁ%ﬁ‘@%@@-%@" f ﬁgﬂnl ¥ Beg{eataleto 80 C
and transpor {edigh® chefiiths tie it 106 thR&aepbad atanbanta@igddi de as a
transport gas wth_the systembase pressure held at 6 tor E ,
mL/min. The precursor Is vaporized into a chemical vapor process line that is
20 heated to 80 °C and transported to a substrate using 500 sccm of carbon
dioxide as a transport gas with the system base pressure held at 6 forr.
During transport to the substrate, the precursor vapor and transport gas is
mixed with a flow of TMCTS in a proportion of approximately 60% TMCTS
and 40% NBDE. This gas mixture is exposed to a plasma power of 250 W.
25  The substrate is heated to 150 °C with a substrate bias of —15 VDC, A carbon

daped silicon oxide film is deposited on the substrate using these conditions.

EXAMPLE 8

30 [0070] This example employs the process in Example 6, however the
carbon doped silicon oxide film is treated by a post-deposition curing step.
The film is annealed at 425 °C under nitrogen for 4 hours to remove
substantially all of the NBDE porogen that remains in the film. This treatment
typically gives a slightly thinner film with a lower dielectric constant.
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During transport to the substrate, the precursor vapor and transport
gas is mxed with a fl ow of nethyl di et hoxysilane (MDECS) in a
proportion of approximtely 60% M DECS and 40% NBDE. This gas mixture
is exposed to 10 a plasma power of 250W The substrate is heated to
160C with a substrate bias of-15 VDC. A carbon doped silicon oxide
filmis deposited on the substrate using these conditions. EXAMPLE 7
15 [0069] The precursor, NBDE, stabigymmetmbth 50 ppmof MHQ i s
transferred, with the aid of heliumpressure, froma stainless steel
contai ner thr a chemcal _delivery.line to.a_h aporizer at a
Frow rate of W0t n THReaats poBpw e fesef ERaive 7. lidier
vanr pr oges;i:afﬁoﬁggbétﬁéitid:cﬁifcﬁ&lé’rgﬁiieﬁ;aht@gig@@ pastadpositispeutinglstep. a )
substrate usi scc n di oxi de as trapsport gas wt

the system bé@' f @s%W?PgPea@It ggét8@“gﬂrmtfoglﬁU??rr@’cW%ﬁ%'%Bﬂveto t he
substrate, thebstasmy 8P6f MaNBDR perdyeRiRP@aigan thesfim. XHds tkdtteat f | ow

of TMCTS in a proportion_ of roximately 60% TMCTLS and 40% NBDE.
This gas ni xttunu@ﬂveiveméwalﬁgﬁa%ﬁi@% %’8’«7!&?3’8%86‘3% s The
substrate is heated to 150 C with a substrate bias of-15 VDC, A
carbon doped silicon oxide filmis deposited on the suggéir atgiusi ng

these condfl tilBR]l Exavebie we bave shwr A «eseh eyeIZhBm Brocess

in Exanpl e 6,,BOUaN@ withGurcAsdiairsl ane ve didfRuinasistddithhithe samé eat ed
by a post-deposition curing step. The filmis anne%h&ﬂ@e}[hBMS C under

ni trogen for e RéieeRtitieq RFRHEUS GRANNSAAPBATPY taoPe §KVg BE: por ogen
that remains THér%g&%, \fvé B nof Rish th heakiE o th¥ BEGAS LoVl M@S déscvbedbitl ¥
thinner filmwth a |lower dielectric constant, EXAMPLE 9 [0071]This
exanpl e enpl oytend teshercrliechanges endmpriEications, whish sprenithin 11255802 Bloped
silicon oxid L i 8al ed by a post-deposition curing step. The
filmis aﬁgne:tpéegbé;eﬁd%grac under nitrogen for 4 hours to renove
substantially all of the NBDE porogen that remains in the film This
treatnment typically gives a slightly thinner filmwith a | ower
dielectric constant. 10 [0072] Wil e we have shown and descri bed
several enbodinents in
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accordance with our disclosure, it is to be clearly understood that
the sane are susceptible to nunerous changes apparent to one skilled
in the art. Therefore, we do not wwish to be limted to the details
shown and described but intend to show all changes and nodifications
whi ch come within the scope of 15 the appended clainms. CLAIM A
conposition, conprising: one or nore cyclic al kenes, and at |east one
anti oxi dant conpound of Formul a (1)QLRAVS RR I (1), wherein R1

t hrough R5 each independently is H™ OH Cl1-C8 |linear, branched, or
cyclic alkyl, or C1-C8 linear, branched, or cyclic al koxy; and
wher ei n t helant i &coamAsities ¥pHANINg's present in an anount between
about 1 ppmyand. abau d%gﬂﬁﬁﬁghn@nd wherei n the anti oxi dant conpound
has a boiling polnt tower thdn that of

2, 6-di -t ert atludsy bnadantipkkiyhtoemotnd of FormulaZl), The conposition of claim
1, wherein the antioxidant conppund is gt |east one conpound sel ected
fromthe group consisting of:n% A~ met hyl phenol , 3-net hyl phenol
2- net hyl phenol , 4-ethyl phenol, py| phenol , 4-i sopropyl phenol ,

4- butyl phenol , 4-sechbutyl phenol, - but yl phenol ,

4-tert-butyl phenol, 4-nmethoxyphg met hoxyphenol , 2-

met hoxyphenol , 4-ethoxyphe%o GUFVI phenol ,
2-tert-butyl -6-nmet hyl phenol, and

y
di hydr oxybenzene. 3. The
conposition of claim?2, wherein e anti oxi dant conpound is 4-
met hoxyphenol .

R M,
wherein R! through R’ each independently is H, OH, C,-Cs linear, branched, or cyclic alkyl, or

C,-Cg linear, branched, or cyclic alkoxy; and wherein the antioxidant compound is present in an
amount between about 1 ppm and about 200 ppm; and wherein the antioxidant compound has a

boiling point lower than that of 2,6-di-tert-butyl-4-methylphenol.

2. The composition of claim 1, wherein the antioxidant compound is at least one
compound selected from the group consisting of: phenol, 4-methylphenol, 3-methylphenol, 2-
methylphenol, 4-ethylphenol, 4-propylphenol, 4-isopropylphenol, 4-butylphenol, 4-sec-
butylphenol, 4-iso-butylphenol, 4-tert-butylphenol, 4-methoxyphenol, 3-methoxyphenol, 2-
methoxyphenol, 4-ethoxyphenol, 2-(1-methylbutyl)phenol, 2-tert-butyl-6-methylphenol, and 1,2-
dihydroxybenzene.

3. The composition of claim 2, wherein the antioxidant compound is 4-

methoxyphenol.

4. The composition of claim 1, wherein the antioxidant compound is present in an

amount between about 1 ppm to about 100 ppm.

5. The composition of claim 1, wherein the antioxidant compound is present in a

concentration between about 100 ppm and about 200 ppm.
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4. The conposition of claim1, wherein the antioxi-dant conpound is
present in an anmount between about 1 ppmto about 100 ppm 5.
The conposition of claim1l, wherein the antioxidant conpound is
present in a concentration between about 100 ppm and about 200 ppm

6. The conposition of claim1, wherein the cyclic al kene has the
general formula CnH2nnx .yRy, wherein nis an integer from4 to 18, X

i's an integgr WrekecohiHoditioN of Slai 1, WhRAE thoMyelicalRerR- hhd thégen @ictonil 8
at | east one conponent selected fromthe group consisting of: Cl-C s

| i near Comandhethereingads an ttessr from 4cipdBi % isgnpyteger @her B ki FEadry is an

branch r d.,.0 i ' ) ituted
vyl eest BABH ¢ eFooiRi RHER €A tte cotftpbic Ry RboRSHAR)
coNnposicdnstafing bf: & griidear rarched) ubbeeurayd| dreydickding, €aS;stlineargemrshatl,
formul a Cl1H2n47x+2) . yRy, ereinnis an integer from5 tq.18, x IS
an i nt SERFUHRGCE F}‘F%W%?Oéyai\ﬁ’g%tﬁ‘t‘té% SFUART YR B o %?(1#1’25“,‘“%@“@“ cenigpng
| east gRRugepPONent sel ected fromthe group consisting of: Cl1-Cl18

| i near, branched, unsaturated or cyclic alkyl, CL-C 8 Ilinear,
branched, unsaturated or cyclic al koxy, substituted or unsubstituted

aryl, or a substi ] tal Ni-NG..S ] . !
conposition%bf cF%?%% fégﬁg%ggﬁl Eé§%€%P9§”§P@%ﬂ§&ﬁ§§SFﬁé@ggﬁg?%?“m
f or mul &JHH}}‘ITQQ;.)(RZ?(Wﬂer&inW an idogeeiromrb tod 8anisiantimgen wheosin ¥ o2, ¥8s aix i s

an integer wherein xy is,an_jinteger erein 0Cn-(2x+4), ., R is, at |east
one confEEIPeR GV Sk AR Brivd SIS SPPRECE pele d e s Hew
br ancheghsiding af: ur,at e dn@h. Wr¥itchi& vabdtiated Gt cfeli8 alkiyN€AIG 3 RAGR WA hed,

unsaturated or cyclic al koxy, substituted or unsubstltuted_aryl, or a
subst | tnsasgatsd pr exstic epraisnbsaigited ersmsthynted aryl, or a gibstityied sbigpIINEIHAS
of cl aig S#uwgperein the cyclic alkene is at |east one conpound

sel ecte romthe group consisting of: dipentene, phell andrene,

di cycl opent adi ene, al phat erpi nene, gamra-terpi nene, |inonene,

A AW e T
CoHazn.2x+4)yRy, wherein n is an integer from 7 to 18, x is an integer wherein x <n/2, y is an
integer wherein 0 <y =2n-(2x+4), R is at least one component selected from the group
consisting of: C;-Cyg linear, branched, unsaturated or cyclic alkyl, C;-Cs linear, branched,
unsaturated or cyclic alkoxy, substituted or unsubstituted aryl, or a substituted silicon containing

substituent.

9. The composition of claim 1, 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, norbomene,

norbornadiene, 5-vinyl-2-norbornene, and 5-ethylidene-2-norbornene.

10.  The composition of claim 1, 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-norbornene, and 5-ethylidene-2-norbornene, and wherein the

antioxidant compound is 4-methoxyphenol.
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10. The conposition of claim 1, wherein the cyclic akkene is at |east
one conpound selected fromthe group consisting of: dipentene,
phel | andrene, dicycl opent adi ene, al phat er pi nene, gamma-ter pi nene,

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

nor bomadi ene, 5-vinyl-2-norbonmene, and 5-ethylidene-2-norbonmene, and
wherein the antioxi dant conpound is 4-nethoxyphenol. 11.A nethod for
stabilizingia cyglh&hcl eaehilisagp E;,veﬁicrhﬂceﬁ@,fﬂalr%ki@iﬁ bmbRaptat A& one

ant i oxi dant conpound of fornmula (1): R4 -H R2 1(I§, wherein R1

t hr oughniRxideat¢pninedapeh@eneleyllis H OH, C -Cs |inear, branched, or
cyclic alkyl, or C1-C8 |inear, branche§§ or cyclic alkoxy, with the
cyclic al kene; wherein the antgcxidant conpound is present in an
anount between about 1 ppm and about 200 ppm and wherein the

ant i oxi dant conpound has a boili ' | ower than that of
2,6-di-tert-butyl 4-nethyl 1

wherei n the anti oxi dant c&gg

fromthe group consisting of: anol // 4- met hyl phenol , 3-net hyl phenol ,
2- met hyl phenol, 4-ethyl phenol, A-proRyl phenol, 4-isopropyl phenol,

4- but yl phenol , 4-secbutyl phenol; 4-isoybutyl phengl,

4-tert-butyl phenol, 4-nethoxyphenol, 3Fnethoxyph&ﬁol, 2-

et hoxypheAPk! thfb’u%h lw)éymﬁﬁ'éyende%ﬂgk HP@HK&P@% YihdPNeARhed, or eyclic alkyl, or
2-tert-butyl-6-nmethyl phenol, and 1, 2- di hydr oxybenzene. 1%.
The meChdéd liokarcbranghed.2or ekl adkaxyt Wish dhetdyelid albene; wherpmuhelattipxidant

4- met hoxyphenal . . 14 The nethod, of claiml &l -

Syor o APRATAT e ip il SRR AL ro 5 Bt od PIRGRLE ahifein e
an i nt egedxidanocomdpduad hiks a boilise pdint 1otveg@sn hbesfe, 6hyi-les-balyHinked glphenol.
wherein 0 n-2x, and Ris at |east one conponent selected fromthe
group consisting of: Cl-Cl18 |inear, branched, unsaturated, or cyclic

al kyl, C-GCis | PRamenBA aﬁagl%du,%@éwﬂ@faﬁﬁoxi@im ENEpdud ¥ KPS one

EV_I met hod of claim 11,
o] conpound sel ect ed

substituted or unsubstituted aryl, or a substituted silicon

cont ai upmpowdiskerted dnm the group consbstingleé plrendottmethytphgnah rmethyipberetn2-
the cycl i,c.al ken r . - , erein
nis AR FARR N, A58 Bhal g Mioblipt TRy Anb e

i nt egebumlishiers]n4-e-Huppithol, anert-Boiyiphatol] asthoapsheoolypomeinixypieinet; Led
fromt rﬁ?a}%&?p"’l?engf Q:seltl;sotxlypnkgenol, 2-(1-methylbutyl)phenol, 2-tert-butyl-6-methylphenol, and 1,2-

dihydroxybenzene.
13.  The method of claim 12, wherein the antioxidant compound is 4-methoxyphenol.

14. The method of ¢laim 11, wherein the cyclic alkene has the general formula C,Ha,.
2x-yRy, wherein n is an integer from 4 to 18, x is an integer where 1 <x <n/2, y is an integer
wherein 0 <y <2n-2x, and R is at least one component selected from the group consisting of:
C-Cig linear, branched, unsaturated, or cyclic alkyl, C;-C,g linear, branched, unsaturated, or

cyclic alkoxy, substituted or unsubstituted aryl, or a substituted silicon containing substituent.

15. The method of claim 11, wherein the cyclic alkene has the general formula C Ha,.
exi2)yRy, Wherein n is an integer from 5 to 18, x is an integer wherein x <n/2, y is an integer

wherein 0 <y <2n-(2x+2), and R is at least one component selected from the group consisting
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of : Cl-C18 linear, branched, unsaturated or cyclic al kyl, Cl-C18

| i near, branched, unsaturated or cyclic al koxy, substituted or
unsubstituted aryl, or a substituted silicon containing substituent.
16. The method of claim 11, wherein the cyclic al kene has the general
formula C11H211 (2x+4) _yRy, wherein nis an integer from?7 to 18, X
IS an integer wherein xy is an integer wherein 02n-(2x-E4), Ris at

| east @pe QOPRRERVrakBbe Ghefurhic@ B} EREc ANQUT, VR Shék, | BighcBéd, ubdatt@d@d or
| i near, branched, unsaturated or cyclic alkyl, C -CH |inear,

br anchexelicigheoay ulstieted pr ensubgticuted gk yr a subisEted silicgn sentainggsy bstitupng d
aryl, or a substituted silicon containing substituent. 17. The
met hod of claim 11, wherein the cyclic alkene is at |east one
conmpound selléct edhd metmwd héclginolly wheresi 8ieicpgicafikend hpetht geresral formula C Ho,.

phel | andr ege, .di cycl.opent adi ene, al phat er pi nene, ganma-t.ei pi nene,

1 roneRe sy RN Aenth Is2erand 1 § R ABILHE! VG Boae Y = &b intoeer
nor bomggeRNE) <R~ ¥ iyix+2y, ROk ROIRRABne edifhone@lBieticd @B Be BRIUP QFMMEIng of:
18. The nethod of claim 11, wherein the cyclic alkene Is at |east one
conpoufi-Geliesar.dgarchehupsiarged oncysbn sikgl Cné 1 olineay ibgragheds ansaturated or
phel | a [ [ ' ) -1 ei ni

i onond ey S RRAEEL A e uph 3 ELlRERG RN Th AR dElfent
nor bomadi ene, 5-vinyl - 2-nor bornene, and 5-ethyl i dene-2-norbonene, and

wherein the_ antigxi dapnt  conpou i.S 4-net hgxyphenol . 19. A
method of 1 8im nateeRya PP REL b st B S TSR bt iy Zmpolnd
subst r a¢igsted HEmMRE ROt EERIhSbM dipeh@nd pREITEnAfehe, i ¥ lodbiadiane Xiha-C

al kene conposition, a silicon containing conpound, and a substrate;
and f ofaPingns Bemmaywipingke, tifenenss Biohe-giserl 3siarnedarielans. rbamene,

SUDSLI b GorilIRhEl I ibAS LYBbEnl bEPOLIGATBRS hdBBERIPY | ses: one or
nmore cycli ¢ alkénes; and at |east one-anti oxi dant conpound of fornula
(1): RZRI(lI), wherein RI through R5 each independently is H, OCH,

Cl1-C8 i b hed, yelj | kyl,, .Cl-C8.1i b hed,
of Oycl i o alkoxy TERaTGA ST LR | ity bineHelin KO DegPRBENE | o
an anoyékcteefiv@ehe @b@%bo&isﬂﬂ@bﬂaqaemb@@tphamgmamdi@ad)pm@diewaltphe.

ant i oxi dant conpound has a boili nlg poi nt | ower than that of
2, 6- di 18BINENTG GRPMAACTRECRS; |11gw§ﬁlgﬂ, alpha-pinene, 3-carene, terpinolene, norbormnene,

norbornadiene, 5-vinyl-2-norbormene, and 5-ethylidene-2-norbornene, and wherein the

antioxidant compound is 4-methoxyphenol.

19. A method of forming a layer of carbon-doped silicon oxide on a substrate, the
method comprising the steps of:

providing a cyclic alkene composition, a silicon containing compound, and a substrate;
and

forming the layer of the carbon-doped silicon oxide on the substrate,
wherein the cyclic alkene composition comprises:

one or more cyclic alkenes; and

at least one antioxidant compound of formula (I):
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20. The nethod of claim 19, finther conprising the steps of.:

provi ding the cyclic al kene conposition in a first container, the
silicon containing conpound in a second container, a filmdeposition
tool, a filmdeposition chanber within the fil mdeposition tool, and
a streamof carrier gas to sweep the cyclic al kene conposition and
the silicon containing conmpound through a connection into the film
deposi tion chanber, wherein thgssubstrate is disposed within the film
deposi tion chanber of the filmyeposition tool; connecting the
first and second containers to the n1dep05|t|on chanber within the
filmdeposition tool; au0|\g vapors of the cyclic al kene
conposition and the silicog into the carrier gas
stream and transporting % e cyclic al kene

iti i ini conpound into the film
deposition chanber. 21. The met hod of \cl ai m 20, wherein the cyclic

al kene has the general formul agC11112" p12X-y y, 8 wherein n is an
|nteger from4 to 18, x is an iInteger ere %y is an integer
wher ei mh@reBﬂRQ?hrou%H (R5 Badlﬁmﬂépeh@'ﬁﬂ’y 1s)HeOHQG’pQJ§I ﬁﬂéar Sehettddr Eyadinatiig or
group consi stin Cl1-C18 | jnear, branched, unsaturated, or cyclic

al kyl , Cefsdingan lﬁ%%hed W expiakexyupavkeren dbe angipxidynt coppadgs present in an
subst i Lub e HfwddpSHAR i ottt S0 A6Y! ZOO%Em?a&PQﬁ&bﬁﬁB@ﬂﬁ&kid‘aﬁ%mpound has a
cont ai ni ng substituent. 22. e nmet hod of claim20, wherein

t he cyobbiling abielvavehden thae of2 Aek-tdrt-bwydrmethglfhenol. (2x+2) -yRy, wherein
nis an integer from5 to 18, x is an integer wherein xy is an

i nteger wherein 0 Lcy n-(2x+2), and Ris at |east one conponent

sel ect ed frgﬂlthEhgﬁ@wdeDﬂ5ﬁ§19ﬁ@Mﬁﬁco&%mﬁﬁ@ﬂkbm@ﬁﬁf br anched,

unsat urated or CyC||g$§#§%i Cl1-C18. | i.near, branched unsaturated or

cyclic al koRSP"“@EﬂJ@? °5F CORRQPHION 1 4k caﬁ“ﬁaner ‘silicop 5aptpiniged
sili CO@OI%E&EI@' ik @Q:o%&' Q§ﬂth1‘hb‘re Blim deposnm%?teolTﬁﬁlnﬂ@éﬂ%@i@ofﬂh&x’l&i With B the
wherein the cyclic al kene has the general fornula Cl11-1

(2,,4) fWepcwtmnépcpi, ¥ndi ssstamiof carger edsite AV Epttbe q)@hc »lkere @mﬂmmeg @nd the
wher ei n / 0 +4

tbeponaitel &SP EOSE EOSLELR AR AN b Sl Pl iR
br anc h@ﬁbsﬁ'dﬂ&ﬁﬁﬂﬂ}ﬁ(&é@dfltbm thy flm depmkiiph phﬁibaﬁbsthleifmaaﬁeposﬁﬁcmrtodﬂed

gz;gt Iu: 3% :g cquhef(:: gg%IE gri?cﬁgleﬁ%ncg(g%tg{n%#%tgglﬂeo {'1111%‘J ggp%?l%l%:!l E:llljt %%r ?vrl ' the %lm

deposition tool;

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

compound into the film deposition chamber.

21. The method of ¢laim 20, wherein the cyclic alkene has the general formula C,Ha,.
2xyRy, wherein n is an integer from 4 to 18, x is an integer where 1 =x =n/2, y is an integer
wherein 0 <y <2n-2x, and R is at least one component selected from the group consisting of:
C-Cg linear, branched, unsaturated, or cyclic alkyl, Cy-Cjg linear, branched, unsaturated, or

cyclic alkoxy, substituted or unsubstituted aryl, or a substituted silicon containing substituent.
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24. The nmethod of claim 20, wherein the cyclic alkene is at |east one
conpound sel ected fromthe group consisting of: dipentene,
phel | andrene, dicycl opent adi ene, al phat er pi nene, gamma-ter pi nene,

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

nor bomadi ene, 5-vinyl-2-norbonmene, and 5-ethylidene-2-norbonene.

25. The nethod of claim 20, wherein the antioxidant conpound is at

| east one compPOUNg: $6he8 bedaihd FINWHRRIOME YPcIRAUNENS hhdWe QénerA B&RRNa C, Ho,.
4- et hyl phenol , 3-net hyl phenol, 2- nethyl phenol, 4- ethylphenol

4- pr Oank@thovhmm R éopr r@fﬁgﬁtﬁmélm 18, s ey krﬁmnwherem% s8ul Y %éw«éw
4-15s0- %te%hrp 5' O%‘{-f]zrg%-?%tan@ Rtly LtRFa%P %e’ coﬁ 8’39&& géé/cﬁ@c?f}glln’the group consisting

3- met hox eno heno
2- (1- mef: Iml(bluﬂmd:a)r,phmnhbd uﬁszftlﬁ’ated brtydlic ﬁ}hyhﬂ]ﬂlphﬁmlhlaﬁbhai unsaturated or

di hydr ox ze 6. The t hod of cl.ai 5, wherein the,
ant i oxF ﬂ@éﬁp%‘ﬁﬁ&“‘?g Oauw?%w%ﬁa gr 2 Subsumteryf ICO%ﬁantﬁJ@t%aQ%wem-

cl aim 20, mhereln the cyclic alkene is at |east one conpound sel ected
fromthe group consisting of: dipentene, phellandrene,

di cycl opent aa. enéhe mebhd pbelpim2h evheg@armhacv@;cmlk@ﬂ das 1 geneegl dormula CoHoy,.
al pha- pi neg heré:ighﬁf@% i e%@%(ﬂg%g ?Erifeﬁg 59 ?wh&%fnb)? %g”sean infeger

5-vi ny[#2: nﬁﬁ%onene i de Mene,
ant i oxiwdhardn ¢ (ﬂypﬂlmdlxl-l—g) &-igat ]}am y)phecnﬁ;ianent selected BA8m t]ibl eronp mmstmg oﬁ

of claim wherein opne of Rl .thro e co 03| on
of cl a%q&s I BER g Upsstisped or Cyehd 3%55%%&1@?@%63’&%0@ R
wher ei RydiRaiant! @xbdal of ARRHRtted ryll o2a sEsAMNEHINYRE RSB Ing subsume%il
The net%od of claim11l, wherein one of R through R5 is OH

The nethod of claim 11, wherein Rl is CH. 33. The net hod of

claim 11, rei F QX i S e.
S The ot R ot {HEmBa b Oifinr 80w AP ANl Catfon 1o ANIMES RESBOARD
35. Theelagthzamalie ghoap conkBiingwi dipientefRy, phellagiiene, dicyclopéntadibe, aiphérod of
claim19,. wherein the. antbQX|daangg ound is 1,2-.dih drog benzene.

37. A é%'ﬂlaal%q gill'alﬁla t%%?‘? fl}?a-ﬁne a nene, >-carene, terpmo e11e, noroormene,

norbornadiene, 5-vinyl-2-norbomene, and 5-ethylidene-2-norbornene.

25. The method of claim 20, wherein the antioxidant compound is at least one
compound selected from the group consisting of: phenol, 4-methylphenol, 3-methylphenol, 2-
methylphenol, 4-ethylphenol, 4-propylphenol, 4-isopropylphenol, 4-butylphenol, 4-sec-
butylphenol, 4-iso-butylphenol, 4-tert-butylphenol, 4-methoxyphenol, 3-methoxyphenol, 2-
methoxyphenol, 4-ethoxyphenol, 2-(1-methylbutyl)phenol, 2-tert-butyl-6-methylphenol, 1,2~
dihydroxybenzene.

26.  The method of claim 25, wherein the antioxidant compound is 4-methoxyphenol.

27.  The method of claim 20, 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, norbormene,
norbornadiene, 5-vinyl-2-norbormene, and 5-ethylidene-2-norbornene, and wherein the

antioxidant compound is 4-methoxyphenol.
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one or nore cyclic al kenes selected fromthe group consisting of -
phel | andrene, al phaterpi nene, gamma-terpi nene, al pha-pinene,
3-carene, terpinolene, norbonene, norbomadi ene, 5- vinyl-2-norbonene,
and 5-ethylidene-2-norbonene, and at | east one antioxi dant conpound
of Formula (1), wherein one of Rl through R5 is OH, and the

remai ning of RI through R5 each independently is H, OH C1-05 |inear,
branched, opgcycriEcido¥ition 6 clitn I WiRadin obs aneharbugP R’ eyoHi ¢ al koxy,
or substituted or unsubstituted aryl; and wherein the anti oxi dant
conpound is present in an anount between about 1 ppm and about 200
ppm . T 11 I 1, erein Rl is OH

39. The con%%sit?@%&%ﬂR§ﬁ§%8?§9§J&ﬁg@%$%§tﬁg&ghtioxidant conpound is
1, 2- di hydroxybenzene, 1, 3-di hydroxybenzene, hydroqui none, or
3-tert-butyl-1, 2-di hydroxybenzene . 40. A method for .stabilizin
a cyclic al R&ne, Tl&%"rPﬁ‘i‘Hoé’it‘%B Ogéﬁﬁ? b Wipreip dheAptipyidan] cREpRUTg if ﬁvaat I eastg
one angh@ﬁﬁgﬁggmggﬁpound of formula (1): RARS R2RI (1), wherein one
of Rl thfough R5 is OH, and the renmaining of RI through R5 each

i ndependently is H OH Cl1-05 |inear, branched, or cyclic alkyl,

O et | eag, b anchefu BFIRKEL] SaBldPie ool bzl k! Hicad, o
unsubstitutéd aryl; 8" anti oxi dan conpound Ts present in an anount
bet ween about 1 ppm and about 200 ppm and the cyclic alkene is
selected fr th ro consi stjng of phellandrene, al pha-terpinene,
ganna-terpigg%e,%Q?ﬁﬁégﬁPﬁgﬁ@3}gy%§F@hg,mt pi nol ene, norbonege,

nor bomadi ene, 5-vi nyl -2-norbonene, and 5-ethylidene-2-norbonene.

41. The nethod of claim40, wherein R is OH 42. The nethod of
clai m 40, whér ei hhe methadef dxiny hhtwhesnpbgratipddant pompuad dy biybenzene,

1, 3-di ne, hydroqui none, or
3-tert?%%?§ﬁ¥@$%- I hydr oxybenzene. 43. A nethod of formng a
| ayer of carbon-doped silicon oxide on a substrate, the method

conprising %Q.e sll‘ﬁg 1%681];& of claim 19, wherein one of R' through R’ is OH.
35.  The method of claim 19, wherein R' is OH.

36. The method of claim 19, wherein the antioxidant compound is 1,2-

dihydroxybenzene.

37. A composition, comprising:

one or more cyclic alkenes selected from the group consisting of phellandrene, alpha-
terpinene, gamma-terpinene, alpha-pinene, 3-carene, terpinolene, norbornene, norbornadiene, 5-
vinyl-2-norbornene, and 5-ethylidene-2-norbornene, and

at least one antioxidant compound of Formula (I),
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providing a cyclic al kene conposition, a silicon containing conpound,
and a substrate; and formng the |ayer of the carbon-doped silicon
oxi de on the substrate, wherein the cyclic al kene conposition
conpri ses: one or nore cyclic al kenes selected fromthe group
consi sting of phellandrene, al phaterpinene, gamma-terpinene,
alpha-pinene, 3-carene, terpinolene, norbonmene, norbomadi ene, 5-
vi nyl-2-norbonene, and 5-ethylgp4dene-2-goérbonene; and at | east one
anti oxi dant conpound of fornula\(l): R4RS5 wherein one of Rl
through R5 is OH, and the renai ning Rl through R5 each
i ndependently is H OH Cl1-C8 |i branched, or cyclic al kyl,
C1-C8 linear, branched, orgp @p_sypstltuted or
unsubstituted aryl; and wherein ' |0X|dant conmpound i s present
in an anount between about 1 pp about 200 ppm 44. The
met hod of claim43, wherein Rl | . 45. The net hod of claim
43 wherein the antioxi dant c ound i ®il, 2- dihﬁyroxybenzene,

, 3-di hydr oxybenzene, hydroqui none, or
3 t er t wieteihlonk, TR ity aglOR YR €L ene the 1416211&1@01?@31[1@11@1’1]& @@Hp’fdlep&rﬂgntly is

one or _more cyclijc al ke es sel ect fro onsi

di pent Eh&H: Shts mgeL B’ﬁ‘éc e %r;féfplbcpémla& ghénea& Plffﬂﬁpbmil &%K% or
ganmma- E%sﬂhr?@ﬂﬁﬂunladb@ﬁt@%% 1%&%%&%eaméxlea{t%&%pomm ﬁﬁk&l@ﬁhan amount
nor bomene, nor bomadi ene, SYV|n | -2-nor bornene, and

5- ethyMMd@m@ﬂzmnbpbmmed@bmﬁﬁﬂoapmleast one anti oxi dant conpound of
Formula (1),

38.  The composition of ¢laim 37, wherein R!is OH.

39.  The composition of claim 37, wherein the antioxidant compound is 1,2-

dihydroxybenzene, 1,3-dihydroxybenzene, hydroquinone, or 3-tert-butyl-1,2-dihydroxybenzene.

40. A method for stabilizing a cyclic alkene, comprising combining the cyclic alkene
with at least one antioxidant compound of formula (I):

R* RS

R? R! o,
wherein one of R through R® is OH, and the remaining of R' through R> each independently is
H, OH, C,-Cg linear, branched, or cyclic alkyl, C;-Cg linear, branched, or cyclic alkoxy, or
substituted or unsubstituted aryl; the antioxidant compound is present in an amount between
about 1 ppm and about 200 ppm, and the cyclic alkene is selected from the group consisting of
phellandrene, alpha-terpinene, gamma-terpinene, alpha-pinene, 3-carene, terpinolene,

norbornene, norbornadiene, 5-vinyl-2-norbormene, and 5-ethylidene-2-norbomene.
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RAR5 R2ZR I (1), in which one of Rl through R5 is OH, and the

remai ning of RI through R5 each independently is H OH CI-Cs |linear,
branched, or cyclic alkyl, or CI-Cs |linear, branched, or cyclic

al koxy; wherein the antioxi dant conpound is present in an
anount between about 1 ppm and about 200 ppm and the anti oxi dant
conpound has a boiling point |ower than that of

2, 6-di -terthutylTHe mehBY bPOSRPL0, wherein R' #OH.The conposition of claim
46, wherein Rl is CH 48. The conposition of claim46, wherein

t he anti oxi dant compound is 1,2- dihydroxybenzene. 49. A

met hod for abi i zi L1 &y ahker My b.Si ﬁg?l i hg t he
cyclic alkeﬁ% mﬁ#hgggﬁfgggé%gkgla%%?%ﬁ?ﬁgﬁgB%%%%ggﬁﬁ 0 lls?io’?lnula (n:
RARS diiy@oxybenheareei A-dihydroxybaezend, hirotjinoneg or Reert-but@-,2-dihgdiohgbenzene.
remai ning of RI through R5 each independently is H OH Cl1-C8 |inear,
branched, or cyclic alkyl, or Cl-C8 linear, branched, or cyclic

al koxy; 43. A method of forming a layer of carbon-doped silicon oxide on a substrate, the

method comprising the steps of:

providing a cyclic alkene composition, a silicon containing compound, and a substrate;
and

forming the layer of the carbon-doped silicon oxide on the substrate,
wherein the cyclic alkene composition comprises:

one or more cyclic alkenes selected from the group consisting of phellandrene, alpha-
terpinene, gamma-terpinene, alpha-pinene, 3-carene, terpinolene, norbornene, norbornadiene, 5-
vinyl-2-norbornene, and 5-ethylidene-2-norbornene; and

at least one antioxidant compound of formula (I):

R? R! m,
wherein one of R' through R’ is OH, and the remaining of R through R’ each independently is
H, OH, C;-C; linear, branched, or cyclic alkyl, C;-Cg linear, branched, or cyclic alkoxy, or
substituted or unsubstituted aryl; and wherein the antioxidant compound is present in an amount

between about 1 ppm and about 200 ppm.
44, The method of claim 43, wherein R' is OH.

45, The method of claim 43, wherein the antioxidant compound is 1,2-

dihydroxybenzene, 1,3-dihydroxybenzene, hydroquinone, or 3-tert-butyl-1,2-dihydroxybenzene.
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t he antioxi dant compound is present in an anount between about 1 ppm
and about 200 ppm t he anti oxi dant conmpound has a boiling point
| ower than that of 2,6-di-tert-butyl-4- nethyl phenol; and t he
cyclic alkene is selected fromthe group consisting of dipentene,
phel | andrene, dicycl opentadi ene, al pha-terpinene, gama-terpinene,

| i monene, al pha-pi nene, 3-carene, tem nol ene, norbonene,

nor bonadi engg. 5- xm@m@nan@pkag_ §18g: and 5- ethylldene 2- nor bonene.

50. The nethod of claim 49, erein R is 51. The npet haod
of cl ai m 49on@TaReEsyelitellenes WC%ﬁtO%&W&OP%ﬁ%@f dipentene, phellandrene,
di hydr y f 0
carbongg% @éﬁﬁﬁfgoﬁp%&Fgg onﬁ% su %gﬁ#ﬁ%ﬁ B £Q ﬁ?#a g%ﬁ%%ﬁ?ﬁﬁ% t he
st eps msﬁpmplexw indibogeae, cyocﬂqmadwnkéwmngbhﬂpoﬂmmeon,ané Sathyilidare-2-ootbainehe g
conpound and a substrate; and formng the |ayer of the carbon-doped
silicof® %X|de on the substrate, wherein the cyclic al kene conposition
cConpri ses: st least one antioxid@t@ofipolil & Foyahiagl)al kenes sel ected fromthe
group consi sting of dipentene, Phellandrene di cycl opent adi ene,

al pha-terpi nene, gamma-terpi neRg, |inoRene, al pha-pinene, 3- carene,

t er pi nol ene, nor bonmene, nor bomady 5-vi nyl - 2- nor bonene, and

5-et hyl i dene-2- norbonene, and ay—=ast one anti oxi dant conpound of
formula (1): R2RI(I), in through R5 is OH, and the
remai ni ng of Rl through R5Re Qy—its H, OH, Cl1-C8 linear,
branched, or cyclic alkyl, or C i/near, branched, or cyclic

al koxy; t he anti oxi dant co d\i S present in an anount between
about 1 ppm and about 200 ppmR

R! .

in which one of R through R’ is OH, and the remaining of R' through R® each independently is

H, OH, C-Cg linear, branched, or cyclic alkyl, or C;-C;g linear, branched, or cyclic alkoxy;
wherein the antioxidant compound is present in an amount between about 1 ppm and

about 200 ppm and the antioxidant compound has a boiling point lower than that of 2,6-di-tert-

butyl-4-methylphenol.

47.  The composition of claim 46, wherein R' is OH.

48.  The composition of claim 46, wherein the antioxidant compound is 1,2-

dihydroxybenzene.
49, A method for stabilizing a cyclic alkene, comprising combining the cyclic alkene

with at least one antioxidant compound of formula (I):

R4 RS

R? R m,



t he anti oxi dant conmpound has a boiling point |ower than that of
2,6-di-tert-butyl-4- nethyl phenol. 53. The nethod of claim 52,
wherein Rl is OH 54. The nethod of claim52, wherein the
anti oxi dant conpound is 1, 2- di hydroxybenzene.

wherein

one of R! through R’ is OH, and the remaining of R' through R® each independently is H,
OH, C,-Cy linear, branched, or cyclic alkyl, or C,-Cg linear, branched, or cyclic alkoxy;

the antioxidant compound is present in an amount between about 1 ppm and about 200
ppm,

the antioxidant compound has a boiling point lower than that of 2,6-di-tert-butyl-4-
methylphenol; and

the cyclic alkene is selected from the group consisting of dipentene, phellandrene,
dicyclopentadiene, alpha-terpinene, gamma-terpinene, limonene, alpha-pinene, 3-carene,

terpinolene, norbornene, norbornadiene, 5-vinyl-2-norbormene, and 5-ethylidene-2-norbornene.
50.  The method of claim 49, wherein R' is OH.

51. The method of claim 49, wherein the antioxidant compound 1s 1,2-

dihydroxybenzene.

52. A method of forming a layer of carbon-doped silicon oxide on a substrate, the
method comprising the steps of:

providing a cyclic alkene composition, a silicon containing compound, and a substrate;
and

forming the layer of the carbon-doped silicon oxide on the substrate,
wherein the cyclic alkene composition comprises:

one or more cyclic alkenes selected from the group consisting of dipentene,

phellandrene, dicyclopentadiene, alpha-terpinene, gamma-terpinene, limonene, alpha-pinene, 3-
carene, terpinolene, norbornene, norbornadiene, 5-vinyl-2-norbornene, and 5-ethylidene-2-
norbornene, and

at least one antioxidant compound of formula (1):
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R? R! ,
in which one of R' through R’ is OH, and the remaining of R' through R’ each independently is
H, OH, C,-Cg linear, branched, or cyclic alkyl, or C,-Cg linear, branched, or cyclic alkoxy;
the antioxidant compound is present in an amount between about 1 ppm and about 200
ppm; and
the antioxidant compound has a boiling point lower than that of 2,6-di-tert-butyl-4-

methylphenol.
53.  The method of claim 52, wherein R' is OH.

54, The method of claim 52, wherein the antioxidant compound is 1,2-

dihydroxybenzene.

47



