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TITLE OF THE | NVENTI ON:  STABI LI ZERS TO I NHI BI T THE
POLYMERI ZATI ON OF SUBSTI TUTED CYCLOTETRASI LOXANE
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
application is a continuation-in-part of U S. patent
application Serial No. 11/484,094, filed on July 11,
2006, which, in turn, is a continuation of US. 5
pat ent application Serial No. 10/602,279, filed on
June 23, 2003, now U.S. Pat. No. 7,101,948, which, in
turn, is a continuation-in-part of U S. patent
application Serial No. 10/029,892, filed on Decenber
21, 2001, now U.S. Patent No. 6,858,697, the

di scl osures of which are incorporated herein by
reference. 10 BACKGROUEIOBTHEINYENENANON [ 0002]
Silicon dioxide filnms have been used for sone tine in
the fabri STABNNZERS TOUNBHIBITETHE iRQLYMERIZATIGN PF
sem conduct or gEBSTTUTEDIGYCLOTEFRAEOX many
exanpl es of the preparation of such thin filnms of Si02
in the open and patent |literature. See, for_exanple,

the publ i cAROSSREFBRENGE TOREMTER ARFLIGATION

Products and Chemicals, Inc., e.g. User's Cuide For: ,

Ebomlc'y Peagiplicationvstd cortmUaiorrrepat tof &8 ( patemapplication Serial
Tetraethyl Othosilicate) Product Data Sheet. See

NoS Q11/4dacksdd, e bn LRty P1 22606, evideimoisi turroris @f caitbRation of U.S.
Deconposition of TECS, and The Deposition of Silicon

bt ABplddtioh SérdRad!CrRYB0Z, 223 Uiled ofhkine 28,e2003, menoUsS. Pat.

ournal articles that review various CVD techni ques

Ak ' ' - 3.t patSntodpplication
r r?@l’gn}sﬁzmggﬁpég&gé?%g@g Sﬁé%@cﬁ?qﬁggp Y

S 5 B B o5 B, T o
S 6 R LI AL el Wikt BreSRYShARTe #Re@iPby reference.

BACKGROUND OF THE INVENTION
[0002] Silicon dioxide films have been used for some time in the fabrication of
integrated circuits (IC) for semiconductor device manufacturing. There are many
examples of the preparation of such thin films of SiO; in the open and patent
literature. See, for example, the publications of the Schumacher Group, Air
Products and Chemicals, Inc., e.g. Users Guide For: Glass Deposition with
TEOS, and Extrema® TEOS (Tetraethy! Orthosilicate} Product Data Sheet. See
also, Modeling of Low-Pressure Deposition of SiO» by Decomposition of TECS,
and The Deposition of Silicon Dioxide Films at Reduced Pressure. There are
numerous journal articles that review various CVD techniques for the deposition

of SiO, and the properties of thin films deposited using such techniques.
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m cron patterned el ectronic devices were devel oped.
Films deposited fromb5 tetraethylorthosilcate (TEOS)
show superior step coverage properties conpared to
SiH4. TECS is considered an industry standard source
for the C/D preparation of Si02. TECS is a volatile
liquid, providing for efficient vapor delivery and
general ease of handling. It is nonpyrophoric, and
therefore, provides a significant safety advantage
over silane. It produces dielectric filnms 10 with
excellent electrical and nechanical properties

[ﬁgb@ﬁkga%ygglg@gﬁmg g?e(erg'ocepospéaél B{; HUY ARAHER Y sfidid EFL). New
sk s g Doe kbt 1 PP e e Bgyerase es su

Carl sbad, CA) is under 15 devel 0 S W,

misren ipatiernad @iRCtIONS geuisas PG dByeiaped” o Fums dg%t%ﬁ from
TOMCATS type siloxane is a high purity volatile d
tptraethykosthosiicate cﬁﬁEOﬁ)@hovvssupﬁ@!@é ismpc \asagR er S( 80’""’3’9
satisfy the critical demands of the sem conductor

wWeGide TEQS aist vonsigerieddast industry ketangard seegeates the CVD
type sil oxane can be used for the chem cal vapor
grepagitionoof G0gl aSESS imad dolatie gqtags@smﬂ@ngvf@neﬁj@ent vapor
dielectric 20 filmapplications such as trench fill,

daivery el gehefaadasecof dmindlimd It hisc kompyraphoric; and ‘therefore,
provides simlar safety advantages because of its

El‘b@fd%%@%@ﬁﬂcﬁnﬂ@df gl atieaitags iover sidne. elt prbducasr diglectric films
1 ng pol nts of TS type siloxane and TECS are

%@%ﬂeﬂﬁ%@ctﬁﬁ% ineRhenicah royieaties swithbiei fart yraoy device

type siloxane allows it to be delivered at

%fac‘tt&‘?@e%@hﬁéﬁorg with higher -2 efficiency at

conpar a nperature. Its deposition rate is 10

times that of TEOS at 600C, with a deposition
efficiency 3 times that of TECS. It is superior ?
[004)eThad shenical t o, 3EFTemamethyloyalolstrasiioxgneand(such  as
step coverage of the

TOMCATS® siloxane available from Schumacher of Carlsbad, CA) is under
development as a new source material for the CVD preparation of SiOz glass.
TOMCATS type siloxane is a high purity volatile liquid precursor chemical that is
specifically designed to satisfy the critical demands of the semiconductor device
manufacturing industry. Like TEQS, TOMCATS type siloxane can be used for
the chemical vapor deposition of glasses and doped glasses for various dielectric
film applications such as trench fill, interlevel dielectric, gate and thick oxide. It
provides similar safety advantages because of its non-pyropharic and
noncorrosive nature. The normal boiling points of TOMCATS type siloxane and
TEOS are 135°C and 168°C, respectively. The higher volatility of TOMCATS

type siloxane allows it to be delivered at lower temperature or with higher

.2-
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resulting films. 5 [0005] In general, SIQ2 filns
deposited from TOMCATS type sil oxane exhibit
excel | ent nechani cal and el ectrical properties. The
films are dense with |ow carbon content and
refractive index values conparable to thermal oxide.
TOMCATS type siloxane is effective for |ow pressure
chem cal vapor deposition 10 (LPCVD) and as a liquid
i njection source for plasm enhanced chem cal vapor
deposition (PECVD). The later nmethod utilizes plasmas

éfA&iBAEY talh ajdm %ﬁml tenfRrawye.t dtgodepusitior Inatei sall0 times that of
reactions. TS type siloxane PECVD is typically

THOSHt AT Wi aspdsiticn bifieientPC\itnéstBRE ol TEOS. It is superior
500- 600C). 15 [ 0006 Despite these advantages, TOMCATS

Ié{//%ﬂ’ar% 'aﬂ&a:?ﬁulﬁﬁ% exEesi AR confoffhality @t eppaooeerage aof the
source for the manufacturing of sem conduct or

e di sadvant age of TOMCATS type sil oxane is
'%tg}éllhﬁﬁ%lmgq ity wwth respect to polynerization when
exposed to certain chemcals or process condi ti ons.
This results in a lower volatility i UId or geI t hat
[0005] eis gaferal, BiCsilde depusited drans sk gsﬁqxgge exhibit
si | oxane polynerization is catal yzed by aC|d base or
ExcflehBfdtMadical @A 7dletiriohiopgpdrtiesat The fomsTawodasse with low
type siloxane (Exanple 1) has also been shown

SXPBhi BBRieAt | and Nrefrhstivey GadeX vialuesnicomparabler tordhermal  oxide.
pol ymeri zation. -3 The degree of polynerization can

PONGAYS rﬂ/ﬂ%@lloﬁdiﬁo@@ﬂe%ﬁvé f3r 16w CPfe§ﬁlt§ rohlemidat vapsr déposition
a percent nder nore severe conditions of prolonged

gmg\?sé%nhoa §'| i F‘rﬁeétfé RédING Slastha drtiahabd cheimical vapor
r ases, a

tanti rrerlzatlon wll occur,
h
ggg&%&q@g&m\@)g'hgw&wawﬁmﬂ%d Uitk Blaskitls RARGRIEMhermal

energy to promote chemical reactions. TOMCATS type siloxane PECVD is

typically run at lower temperature than LPCVD (400°C vs. 500-600°C).

[0006) Despite these advantages, TOMCATS type siloxane has experienced
limited acceptance as a CVD source for the manufacturing of semiconductor
devices. One disadvantage of TOMCATS type siloxane is its instability with
respect to polymerization when exposed to certain chemicals or process
conditions. This results in a lower volatility liquid or gel that creates CVD process
handling issues. TOMCATS type siloxane polymerization is catalyzed by acid,

base or free radicals.

[0007] Prolonged heating of TOMCATS type siloxane (Example 1} has also

been shown experimentally in the present invention to promote polymerization.

-3.
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5 oligoneric or polymeric material. [0008] Severa
references in the prior art relate to the
stabilization of siloxane. Hirabayashi et al. teach
the use of a triazine or sulfide "control agent" to
stabilize a mxture conprising an aliphatic

unsat urated group, containing an 10 organopol ysi | oxane
compound, such as TOMCATS type sil oxane, and a

pl ati num group catal yst. Those inventors teach the
use of the triazine or sulfide agent to give a
Thedegfed BRIpolymaizatibe candbe acing ainor, taccousting dereonly several
gelation at room tenperature and thus providing

RriRNeed [sdreemue Unbiab nmdrb Ysevihe £OAGIAMNS of praibnged exposure 1o
di scl ose the use of di- and trihydrocarbyl phosphi nes

B 5Bd a8k pe Rtu@USH Bk draiN RSP bases, BB tiEl polgmerization will
conpr|3|n5? (1) alkenyl radicals; (2) conpounds

%&i"%@b@ﬁgiﬁ 'a'slfﬁ@ﬂy( hivedad iGud Ed;;.b%ﬁ cahtaliing 6ver- 10% by weight of

oxane); and a pl ati num group

| at. claimthat the inhibitor
&f#?@%qr%ﬁé%dy%%%%%r% with the platinumcatal yst

rendering it inactive 20 for subsequent curing.

[0010] Ina simlar patent, Chalk teaches the use of
FODOB CBéverhl mitrences imbeupdsr art elater tedtheestalbifization of sijpxane.
of the platinumcatalyst deterring the

ARBBAYHERT bEal tedithahe usardf auisiaringtanrselfidef ‘control agent” to stabilize
pol ysi | oxanes. -4 [0011] Berger et at. propose the use

f nﬂﬂct@rbhyécﬁﬂbﬁahg?(y afn's aliphatit e dunsiarateah ugriup, Wrootaining  an
unctions In a |like manner to deactivate the Pt

6@%@5?6@5"6)&% LR SIAHPAS TOMBATS YYpeséiloxaaecand a platinum
C oSl

ron sta to premature gelation. 5 [0012]

i Ichi et i bl eyideagent to
bR Gy, FAATrlafoRs fRlch thE sBTbfthe A2 of SUde Bgen

Gve"s' Mikturd Hhat ¥ YIRS YARP! rUSisteX AB8CPremature gelation at room

temperature and thus providing extended storage stability.

[0009] Lutz et al. disclose the use of di- and trihydrocarbylphosphines which act
as curing inhibitors for compositions comprising: (1) alkenyl radicals; (2)
compounds containing silicon-bonded hydrogen atoms (e.g., TOMCATS type
siloxane); and (3) a platinum group metal catalyst. Lutz et al. claim that the
inhibitor functions by complexing with the platinum catalyst rendering it inactive

for subsequent curing.

[0010] In a similar patent, Chalk teaches the use of acrylonitrile type compounds
that reduce the activity of the platinum catalyst deterring the copolymerization of

various mixtures of polysiloxanes.
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such as 1,1,1,3,5,5,5-heptanethyl trisil oxane. 10
[0013] The patent references cited all teach the use
of various agents that in one manner or anot her
inhibit the polynerization or co-polynerization of
pol ysi | oxanes for various applications in the silicon
rubber industry. None of them specify or suggest
appl i cations as polynerization inhibitors for CVD
sources in the sem conductor device manufacturing
i ndustry. 15 BRI EF SUMVARY OF THE | NVENTI ON [ 0014] In
one enbodi nent of the invention, there is disclosed a
rocess for stabilizing a substityted‘

1Dt 2erg8Ei Pbx@he PIRPASRs e o MSke o 220 Sihyienigally, ynsaturated

chem cal vapor deposition process for silicon oxid
isacyanstateowhichnfunatioas inoafliker mﬁbﬁoc%ﬁﬁ?'l‘@eng"e P catalyst
provi ding an effective anobunt of an antioxidant to a .
mndedng arasablexaganapoiisigranscarapositignsabltaprgmatuse gelation.
H Ii-OR 7i/ 1 i \ RB Ri\ OS/ R\ RA RS where
R1'7 are individually selected fromthe group

VR0 oy JERE s abua A B, gipgggifouas
B@g{f%&&?ﬁégﬁ&%%ﬂ'tﬁ%”&se E)th ?rtS 20° w%ﬁg?ﬁl"}gscﬁdp(fl\(methylpolysiloxanes,

such as 1,1,1,3,5,5,5-heptamethyltrisiloxane.

[0013] The patent references cited all teach the use of various agents that in
one manner or another Inhibit the polymerization or co-polymerization of
polysiloxanes for various applications in the silicon rubber industry. None of them
specify or suggest applications as polymerization inhibitors for CVD sources in

the semiconductor device manufacturing industry.

BRIEF SUMMARY OF THE INVENTION
[0014] In one embodiment of the invention, there is disclosed a process for
stabilizing a substituted cyclotetrasiloxane against polymerization used in a
chemical vapor deposition process for silicon oxides in electronic material
fabrication comprising providing an effective amount of an antioxidant to a

cyclotetrasiloxane having the following formula:



cycl otetrasil oxane stabilized agai nst pol ymerization
used in a chem cal vapor deposition process as a
precursor for silicon oxides in electronic materi al
fabrication, conprising; (a) the cyclotetrasil oxane
having the following formula: RL H'~ [i-OW3 RR6
CSi\ a | R RS 10 where RL 7 are individually
selected fromthe group consisting of hydrogen, a
normal , branched or cyclic Cl.10 al kyl group, and a
Cl. 4 al koxy group, and (b) an ‘antioxidant. -6 [0016]
In a further enbodi nent, there is disclosed a

conposi tion of cyclot¢¢ra$|loxane stabilized agai nst
pol ymeri zation and used TR | enlcahzvapor

deposi tion conpri sing; yclot |onane havi ng the
followng formula: Rl Si -0 \”KIORG\OSmIR
R5 R?
\Sl
O—Si
6
R l\ R4
Rs

where R'7 are individually selected from the group consisting of hydrogen, a
normal, branched or cyclic Ci.10 alkyl group, and a Cy.4 alkoxy group.

[0015] In another embodiment, there s disclosed a composition of
cyclotetrasiloxane stabilized against polymerization used in a chemical vapor
deposition process as a precursor for silicon oxides in electronic material

fabrication, comprising; (a) the cyclotetrasiloxane having the following formula:

R1
H|
~Ns—o R2
SN
Nl
2 | | R
T—8j 0
/ No—s?
R® ‘\\\ R

where R'7 are individually selected from the group consisting of hydrogen, a
normal, branched or cyclic Cy.10 alkyl group, and a Cy.4 alkoxy group, and (b) an
antioxidant.
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5 where R1-7 are individually selected fromthe group
consi sting of hydrogen, a normal, branched or cyclic
Cl.10 al kyl group, and a C,-a al koxy group, and from
10 to 10,000 ppm by weight of an antioxidant. [0017]
In yet another enbodinent, there is disclosed a
process for stabilizing a 10 cyclotetrasil oxane for
ext ended periods of heating wherein the
cyclotetrasiloxane is used as a precursor in a

chem cal vapor deposition process conprising the

[ebwp IR a PﬁJﬂhbﬂ' BGbblrneniC | Wiesd 1 ksi diseiesed havicogpdséion  of
foll'owing formula: Rl Hii-O RR3 II~-RR5 0 R6

éf}/bf%itetﬁ’as'iloxﬁ'i—é stabi264 @ ?%SF pélfrﬁ\ehf@l!dﬁ shihLised el eémital vapor

romthe group consisfting of hydrogen, a nornal,

Jﬁ:ﬁb@ﬁi’&ﬁ%o %g%gg%?é%sﬂ?%éﬂe I%Wthe%ﬂovﬁm@oﬂnula

oxy gro rom 10 to 10, 000 ppm by

ght of an anti oxi dant tgr the cyclotetrasil oxane. 5
DETAI LED DESCRI PTI ON OF THE | NVENTI ON (0018] The
chemcal 1,3,5, 7-tet rarﬁat\h | cycl otetrgsil oxane (such
as TOMCATS(r) sil oxane 9} irra8le fBm Schumacher of
Carl sbad, CA) is used ag’a precurgdr for the chemi cal
vapor dep03|t| on (CVD) f SSI2 fo \SQr%ﬁonductor
devi ce manuf acturllhg\ C]\/CATS ty&e siToxane is
currently under eval ua g by 1 em conduct or devi ce
manuf acturers for us L as OQJD:‘,iKcursor for Si2

R’
where R'7 are individually selected from the group consisting of hydrogen, a
normal, branched or cyclic Cy.10 alkyl group, and a Cs.4 alkoxy group, and from 10
to 10,000 ppm by weight of an antioxidant.

[0017] In yet another embodiment, there is disclosed a process for stabilizing a
cyclotetrasiloxane for extended periods of heating wherein the cyclotetrasiloxane
is used as a precursor in a chemical vapor deposition process comprising the

steps of: providing the cyclotetrasiloxane having the following formula:

R1
H
N 2
Simeene ), R
SN
; Np
R ,
g 0
6/ No—s
R
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because of its ability to formhigh quality film wth
excel l ent electronic and nechanical properties.
TOMCATS type siloxane is known to polynerize when

subj ected to extended periods of heating or upon
exposure to certain chemcals. In this invention we
di scl ose the use of various free radical scavengers
that inhibit 15 the pol ynerization of TOMCATS type

sil oxane. The | ow concentration of the additive does
not significantly inpact the overall product purity,

\Wére' R’ tare QH&\/@UEW gdlccod from mmggmp amsnsttmcof bydrogen, a
the critical properties of the res

rpnrmob,fan@nemycbe Groo byl gioLPet 'Bgfveﬁﬁugf and adding
(ﬁf‘%br‘ﬁrbvw & drf%r'itﬁ‘ixﬁjaﬁt td mbld?cbtétmuoxane
10

ynerlz TS type sil oxane under typica
CVD process conditions. These TOMCATS type sil oxanes
i ncl ude substituted cycl otetrasil oxanes of
formul a: -8 DETAKED DESORIPTI®NOF THE lNVEQ!aT'O& e Ra RS
where R17 are individually selected fromthe rou%
[o018] SThélah@rfucthB;EgMetramemglcydbtetrasdm@nedSw ay JOMCATS®
Cl.10 al kyl group, and a 01.4 al koxy group. 5 [ 0020]

di ﬂixﬁné v Rale tone Sehuiraehersel Oaristadi CA)ds usbdasianpresursor for
the polynerization of TOMCATS type sil oxane under

s, Aty g TOVOY b6 S0 fo ymmondicor dove
ARSI S TOMCATS type siloxane is currently under evaluation by
semiconductor device manufacturers for use as a CVD precursor for SiO;
because of its ability to form high quality films with excellent electronic and
mechanical properties. TOMCATS type siloxane is known to polymerize when
subjected to extended periods of heating or upon exposure to certain chemicals.
In this invention we disclose the use of various free radical scavengers that inhibit
the polymerization of TOMCATS type siloxane. The low concentration of the
additive does not significantly impact the overall product purity, nor is it

anticipated to have a negative impact on the critical properties of the resulting

films produced by CVD.

[0019] Therefore, an object of the present invention is to eliminate or inhibit the
polymerization of TOMCATS type siloxane under typical CVD process conditions.
These TOMCATS type siloxanes include substituted cyclotetrasiloxanes of the

formula:
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effective at inhibiting polynerization, such as
antioxidants, e.g., free radical scavengers. TOMCATS
type sil oxanes are sensitive to oxygen, carbon di oxide
10 and nitrogen trifluoride (NF3) at el evated
tenperatures. TOMCATS type siloxanes react with
oxygen form ng oligoneric and pol yneric species at
tenperatures equal to or greater than 60C. This is
signi ficant because oxygen, carbon di oxi de and
nitrogen trifluoride are commonly used in the

manuf acture of sem conducg'or devi ces, such as the
oxi di zing gas in plasnmg enhanced chem cal 15 vapor
deposi tion (PECVD) processgs {@Qr thegdep05|t|on of
Si02 films from TCNCATS ype s ne In certain
enbodi nents, these ant|OX|dants cavengers wor k by
deterring chen1callpeac i ons that ed by a
free-radical reacttomgat hway. anples of

anti oxi dants or free pddigal sc engers cont enpl at ed
for the conposition pro@§§§ sed herein as
02-, C02 -9 and/or NF3- stablljzersRlncIude, but are
not limted to, 2,6-di-tert-bu 4- et hyl  phenol (or
BHT for butyi hydroxytol uene), 2 6,6-tetramethyl - 1
ephdi Nyl isting of hydrogen, a
\Qﬁ?@ [R’ Lé}& @QXWu%TE\@?ﬁtesd rom the group consisting ydrog

dornedlf br’ant:lyéd or tgodic @(yaaikglcgreupfrﬂm .4 @dkoxy group.
3,4,5-tri hydroxy-benzoic acid,
2- (1 1-dinethylethyl)-1, 4- benzenedlm

ﬁu&bf NyhiBiis syhditoaghyihe ubetafraddiivey tnmumtmmne polymetization of
hyl ani I i ne, p- nethoxydi phenyl am ne,

FORNGAYS %&énoxbhéfundep&ﬁmiormmwm merinallyi fagor p-
hydr oxydi phenyl am ne, phenol,

gﬁlgﬁ%ﬁié(ﬁor{g 1o Eréibnf iﬁ%ntkbﬁ d8méndiseoapbenaih additives are

I'onat e aki's (nethyl ene

ére?%vglaﬂrﬂf]ﬁmngh)ﬁ{g}ne‘hzgﬁgr{ an Y @ntexiBaAERs Q), free radical

€no zi nes, alky an1don0|soureas

B%H %%% res gﬁ\g&A'?ﬁsr&é% 8?%5‘@%% ??é Ee_lns;tﬂle to oxygen, carbon dioxide
%pﬁj ityogi H@f' %notgy(h{/FA)r %&@5\25%@@1"@&‘?&{?9%21‘%@‘% dddne.

siloxanes react with oxygen forming oligomeric and polymeric species at
temperatures equal to or greater than 60°C. This is significant because oxygen,
carbon dioxide and nitrogen trifluoride are commonly used in the manufacture of
semiconductor devices, such as the oxidizing gas in plasma enhanced chemical
vapor deposition (PECVD) processes for the deposition of SiO; films from
TOMCATS type siloxane. In certain embodiments, these antioxidants or
scavengers work by deterring chemical reactions that proceed by a free-radical
reaction pathway. Examples of antioxidants or free radical scavengers

contemplated for the composition or process disclosed herein as Oz, CO»-
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but ane, cyclic neopentanetetrayl bis (octadecyl
phosphite), 4,4'-thiobis (6-tert- butyl-mcresol),

2,2' -nethyl enebis (6-tert-butyl-p-cresol),
2,6-di-tertbutyl-p-cresol,

methyl-2,4,6-tris(3 5 -di-tertbutyl-4-hydroxybenzyl)be
nzene, oxalyl bis 15 (benzyli denehydrazi de) and

natural ly occurring antioxidants such as raw seed

oils, wheat germoil, tocopherols and guns. Further
exanpl es of antioxidants that may work as free
aharirve,- stbilizBgsinslude, bitare nhbimited foa @ E-AktertRitymethy!
but are not limted to, aromatic amnes (e.g., . ‘
cHleboPiap BHT fir bllr3otoxyesibene) 2 26,6 getramethy |- fniratidny oxy
N; N - di - sec- but yl - p- phenyl enedi am ne, _

(‘ﬁ'EN/}FQbﬁ BUbRAINE-hydrdxdarisble, 3-tert-butyl-4-hydroxyanisole, propyl
t rimethyl -1, 2-di hydr oqui nol i ne, and o

'3 BisStiRyarosBehavic Bere 2L(1 di-ieayietyhe) 4-behzenasiald

eé?ﬁ%n%g’s?@%&,oqg{%, 6,|6-tet r a(rret hyl pi perdi ne),

' DeRa efiol, NLvaihganilimel pur
Cﬁéﬁ%%lé@@?%"fg@em tgrﬁgtgphorous glgrrpounds, net al
deact| v - G r.diphenyl-p-phenylenediamine, p-
@P@M%?b?ﬁ@%ﬁ&ﬁ?kﬂhgﬁﬁge, '?NI\'IthidlsP( g_, %Ilp -1y0 t ent
ey SR e Y SRR, 1§52 S buty-4-hycroxypheny)
PPl I ERITS (EHEY 0 23 a Qusd-hycrony-hydrocinnamate)
et hyl enedi am netetra-gcetic acid and.its.sal : _ditort.
ethane, soengihiaginascagamAdoRouTe sk HibgiBtriEebiE 55 ditert
exanpl es of antioxidants are fqund, fqr exanple, in
oot B ey deaannanealer hay p(B e R T e
Ki rk- & hmer Encycl opedi a of Chemni cal Techn_%l og)ﬁ, \{ollj. |
Bydrpsyhysiradimaraayl) hydrazine airis (&mgsayirshydroxyRaatitutyiphenyl)
conpounds, or conpounds containing at |east one g.henyl
putane, cyslic heapentanetetrayl bis (actadagyt Rhosphite), 4,4'-thiobis (6-tert-
2,6-di-tert-butyl-4-nethyl phenol, may be used. [0021]

Bingl-@Reressl), /M2 emetitylemebisaBtiertimibd-prereadlh 3ngli-tert dlybg-cresol,
al one based 10 upon its nethod of inhibiting

D e o ot Lo dant s hat
{gehizPider Al aiERidet ahi Patualy eccliririamtivkidants such as raw seed
oils, wheat germ oil, tocopherols and gums. Further examples of antioxidants
that may work as free radical scavengers or via other mechanisms include, but
are not limited to, aromatic amines (e.g., N,N-phenyl-N'-(1,3-dimethylbutyl)-p-
phenyldimanine, N, N-di-sec-butyl-p-phenylenediamine, dihydroquinoline, 2,2,4-
trimethyl-1,2-dihydroquinoline, and 4,4'-Bis(a,a-dimethylbenzyl)diphenylamine),
hindered amines (e.g., 2,2,6,6-tetramethylpiperdine), hydroxylamines,

benzofuranes, divalent sulfur derivatives, trivalent phosphorous compounds,

metal deactivators, (e.g., aeroxalyl bis(benzylidene)hydrazide, N,N*-bis(3,5-di-

-10 -
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nmet hodol ogies (e.g., free radical inhibitor +

hydr oper oxi de deconposers). [0022] In certain

enbodi ments, it nay be preferable that the anti oxi dant
added be soluble in the cyclotetrasiloxane. In this
and ot her enbodinents, it may be 15 preferable that
the one or nore antioxidants added volatilize at
tenperatures at or bel ow the processing tenperature of
the cyclotetrasil oxane to mninmze the accunulation
of antioxidant and/or its transformation products in

{ePEORyIO-R§GioRgIhy @DdinparTDlIhydrdzre, @ axamidbtis-pthyl(3,5-di-fert-
Further, in certain enbodinents it may be preferable

tS L4 Srcﬁ(?wmbciﬁﬁamﬁté , % Neatigaliagiitievie)-1{25propanediamine,
nsf Ormation products be 20 present in the

Qﬁ@ aiifdte n%rhéa[@ehé‘ a8id sHEO¥alefanteriie dek) sand 6@raBinations

n cer arn e nments, the antioxidant is provided in
u Hefop efdmplein the
RHTP i Eri R Rp e B puRdpLe ey
mount _af, 50,280, £t | Heical
Jorpts bﬁﬁms POy eay ta%ﬁ?“?*h“??ﬁ'&"é i
uch wher u
Sov. 4%, P9688 109753 11 saluh ¥pndimonts, phenai
her tenperature C
e@r@apevdso o fmoapﬁsg %g%t%mg aﬂsa%jeqn%sﬁﬁa‘nﬁf 9@8% 45, but not
gmeater osure to éﬂgﬁp' %Qﬁ d/or ot her
ﬁeéﬂhe%ﬁ -t hytyl- 61’“%IPV'| Ry of the
foregoi ng, higher amunts of ant|OX|dant na
(02 e3¢ ceeissdmare rodhas gesaR ) 5&%%6 afgeitrsed
an anmount ranging from10 to 10, 000 pm ( 'ﬁﬂﬂ %
apon its mathgd of inbititingsolBNe DZativere @t frqe fﬂd*%‘]' Iﬂﬁ% or
ranging from 50-2,000 ppm (w.). For exanple
eltemtivey irs awhigtugs of antioxidants thabinhibit wqixraﬁezat@mwﬂiﬁerem
and the antioxidant is BHT, it has been observed 10

neahoddlbiiés fe.gy freeaadical inhibétor e$iydtoperoxide decomposers).
oxygen- pronot ed pol yneri zation as the anount of

g:(tiz'oqu;lrrg@éﬁaih eAfbimehts) inmalyibe prefmable thattke ankigxjdant added
be IOsoTul::JIe in the cyclotetrasiloxane. In this and other embodiments, it may be
preferable that the one or more antioxidants added volatilize at temperatures at
or below the processing temperature of the cyclotetrasiloxane to minimize the
accumulation of antioxidant and/or its transformation products in the processing
equipment or the deposited film. Further, in certain embodiments it may be
preferable that the amount of antioxidant and/or its transformation products be
present in the as-deposited film in an amount of 1% or less,

[0023] In certain embodiments, the antioxidant is provided in an amount of 10-

1000 ppm {wt.); more preferably an amount of 50-500 ppm (wt.); most preferably,

an amount of 50-250 ppm (wt.); optimally, an amount of 100-200 ppm (wt.).
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| evel s consisting of a nolar ratio of 02 to TOMCATS of
1:1 for a 24 hour period, higher anounts of BHT,

e.g., 150 ppm 500 ppm and 5,000 ppm was needed to
stabilize TOMCATS at hi gher tenperatures, e.g., 90C
105C, and 120C 15 respectively. [0025] To attain the
obj ect of the present invention, to elimnate or
inhibit the polynerization of TOMCATS type sil oxane
under typical CVD process conditions, a standard

| aboratory test was established with the intent of _
[0658] 95 2ldther t BRb3GnRmgTRl suenl yaer tiesei owhereocthss. sulplituted
accelerated aging test is meant to simulate the

fo‘?@thﬁ‘ileidéﬁ@ iy 86 askpasedOloy BRI, i torhighert tanperatures (e.g.,

ypically occur "over a nore protracted period of

éq(h?f?r Z&Q&%rh?ébﬁ;é"%}%mi SBCUr graaen)] longer sttt lifd; greater

anpo 0 TS type siloxane to el evated

%f%ggﬁfﬁa{%@%u@ﬁwzﬁgshﬁh%ﬁ°f étﬁ?nr Shssohdrié gabes;tdiaat least one or

‘accel erated aging test".
The -12 condit ,0ns n ; dded. In these
%'Er?iﬁ'a%rfgfﬂ%?"ﬂ;or%é@%v%&éﬁ?%aﬁp%mtwgg bes ial oiane
woul d. be sypjected ta.in a. hcal 2 R0d0 10,000
Sipbodiarents dab POt i Pridelth R tihBanGEaTrom f0to |
with approximately 1.3 to 5. f T V. :
e r aamenbriong: fom s B obar (L g e dfiount ranging
anti oxi dant such as a free 5 radjcal_ scavenger.to :
fremi 150-2,600y oM z&tidon. FPRe® sin y‘iJBbOd'ﬁ‘e"ts wherein the
sil oxane/ additive mxture is cooled in a Liquid
cyclotetyasiloxana js TOMCATS andAberastitwidant i BT, ities Ragp pRserved
type siloxane is evacuated for 5 mnutes. If this .
that TOMCAT Somayl dieeoine mbee resistanidogixygaaipromated prlymerization
the neck of the quartz anpoule is sealed using a

Ky dieo aATLPK W antibxidant.indrbasdd. s In this régardoubderdoxygenrexposure
the 10 presence of 02 or CO2, the anpoule is isolated

lver mwn?m@ bR s POk ¢ FOMOATStofdi: 1 6@ aR4drir period,
i s added, after which the anpoule is sealed as

RigReF 8MduMts of BHT, e.g., 150 ppm, 500 ppm, and 5,000 ppm, was needed to
stabilize TOMCATS at higher temperatures, e.g., 90°C, 105°C, and 120°C

respectively.

[0025] To attain the object of the present invention, to eliminate or inhibit the
polymerization of TOMCATS type siloxane under typical CVD process conditions,
a standard laboratory test was established with the intent of accelerating the
normal polymerization process. The accelerated aging test is meant to simulate
the normal course of gradual polymerization that would typically occur over a
more protracted period of time. This test, which consists of exposing a sealed
quartz ampoule of TOMCATS type siloxane to elevated temperature for 24 hours,

is referred to in the present document as the “accelerated aging test’. These
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descri bed. The seal ed anpoule is placed in an oven and
held at one or nore tenperatures ranging from90 to
120C for atinme ranging from1l to 5 days. The anpoul e
is renoved and all owed to cool to roomtenperature.
Its contents are 15 anal yzed by gas chromat ograph (GO
to neasure the degree of polynerization. [0026] The
degree of polynerization is measured quantitatively by
GC. This technique is very sensitive to detecting the
onset of polynerization as evidenced by the fornmation
@hdltionl e ERIET t0'B6 gbhsidpmblyemoné sbvererthan TOMCATS type
retention tinmes 20 than the parent TOMCATS type

sgbkm@%umsuﬁ@@&@m X Repical GG peocesamin adypivaltacgelerated

etermned to be of "high viscosity" by visual

dcgﬁ%?ecstti 8 é}ﬁﬁoﬁl?'is Ida@Ed Wil Apgrosinenely e3 @C5.0Tmk of TOMCATS
igoneri ¢ or polryneric sSi | oxanes tend to

t&@ gﬁﬁjaifgb%dé %?géﬁgf‘%ﬁtrbhéxﬁérmétﬂé"%h aptiosidant sucheas a free

r Tow solubility and | ow

val atilit ch, sanmpl; Al | velphedeTOMOATS  type
riaﬁ'CPLe Sc?%%nieruresgont mﬂggnﬁﬂrﬁ%@dﬁg@e greater than 10

. % pol.yier, _cqnsi sie I t r @ OUS,; f 1 ONMmhen, the
Hlowandanifive pERTE, oo Coadd ;R B RURU RIS e
cyclical polysiloxan Y% 0L o tal eminutes. If
SHiecints BRbs i TORRGATENRE sl BlgvaBH el o Soinutes
s tad Ecloribp 6Pe o hardb i e el bk, s Bpfe B fre quartz
t hi d ti oxi dant be ,added ,
Aol analo B v hByY oo 1k (S 1554 e gono in e
free radical inhibition. Laborator observati gns .
preggnea of Qar O the gmepuleds isplated ¥rpmpm 9\58 the appropriate
siloxane is 10 particularly sensitive to exposure to
amlpgahobﬁ_g IdrtG(aan?jdc:édi ladter idnish mmpoulgms ?naledr@s previously
sil oxane i s expose 0 in use in sem conduct or
deduribad! UTies sddledanipduly és plateddnidmedvemandireld at one or more
invention formsolutions with TOMCATS type sil oxane at
{dhtperatures ranging from 90 to 120°C for a time ranging from 1 to 5 days. The
ampoule is removed and allowed to cool to room temperature. lts contents are

analyzed by gas chromatograph (GC) to measure the degree of polymerization.

[0026] The degree of polymerization is measured quantitatively by GC. This
technique is very sensitive to detecting the onset of polymerization as evidenced
by the formation of higher molecular weight species with longer retention times
than the parent TOMCATS type siloxane peak. TOMCATS type siloxane
samples that are determined to be of “high viscosity” by visual inspection are not
routinely run on the GC. The oligomeric or polymeric siloxanes tend to
irreversibly contaminate the stationary phase of the GC column due to their low

solubility and low volatility. Such samples are qualitatively described in the
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tested concentrations. In addition, these additives

are not anticipated to have a detrinental inpact on

the overall CVD process by virtue of their

concentration 15 and their chem cal and physica
characteristics. [0028] |n-house experinents have
establ i shed that TOMCATS type siloxane is sensitive

to oxygen and/or nitrogen trifluoride at el evated

tenperatures. TOMCATS type siloxane reacts with

oxygen and/or nitrogen trifluoride formng 20 _ _

?}és@ﬂﬂﬁﬁ/bﬁticﬂﬂ% hale/gieater thare ¢0 aet.Satpolyenare consisient wijln grevious
o or greater than 60C. This is particularly

bBRSY/AfidHs. S| nce oxygen and/or nitrogen trifluoride is
commonly used as the oxidizing gas in PECVD processes

for the deposition of SIQ2 filnms from TOMCATS type

sil oxane or as a cl eani ng gas, bet ween producti runs
[a0RTDaltds denlieved dhat the PRlyMENzatiaN %55“0%98}&?@3’{%5%% may be
siloxanes in the presence of oxygen, carbon dioxide .. f
cathlyzedr by dreet radidalsr iHweyes, ethefrmeghanigms for pelysigfization o
To address this reactivity TOMCATS type sil oxane was
spilicatipolysitodanes aBe latacewithiof the rasebe aif ShevepawOosliABLaNShProcess
as free radical scavengers, i.e., antioxidants. These

ABEEMEdIBSis. Olln 3nie repael; Dneeyr morek abtjoxidards mhayy be added that
chem cal reactions that proceed by a free-radical

ISt pByniHZANGY in BNRanfér Gtkibe &in fee fradiealriabibition. Laboratory
scavengér investigated as O2-, C02- and/or nitrogen

' | tHdtZ@eS izati f TOMCATS type siloxane is
ShseryHREA¢RgBb & e ptigmerization of TOMCATS e

?ﬁt%@tu'ia’&rf@f %&féﬁ}%%%os&@%@g&ﬁ driifoder BifRBAdEASOth of which

_ _ Irmre_ esl st ant _toward_ 02, CO2 aﬂd/'or
TR0 484 1§y e, BB pRladB, Tho adatives
BB RRY bt W ol RS ) SERRCATEbE diane at te
VB it el b i ol e
atom c njtrogen

ch . . ,
detrimental impact on thle overall CVD process by virtue of their concentration

and their chemical and physical characteristics.

[0028] In-house experiments have established that TOMCATS type siloxane is
sensitive to oxygen and/or nitrogen trifluoride at elevated temperatures.
TOMCATS type siloxane reacts with oxygen and/or nitrogen trifluoride forming
oligomeric and polymeric species at temperatures equal to or greater than 60°C.
This is particularly important since oxygen and/or nitrogen trifluoride is commoniy
used as the oxidizing gas in PECVD processes for the deposition of SiO; films

from TOMCATS type siloxane or as a cleaning gas between production runs.
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'3-(3,5

15 reportedly gives rise to undesirable basic film
properties. TEMPO is also expected to be an effective
02, CO2 and/or nitrogen trifluoride-stabilizer. [0030]
These tests clearly established the benefit of the use
of relatively low Ilevels of antioxidants or free
radi cal scavengers to greatly reduce or elimnate the
20 sensitivity of TOMCATS type siloxane to 02, CO2
and/or nitrogen trifluoride, thereby, reducing the
l'i kel i hood of plugging problens occurring by the 02,
568 coNBeledr forithe eebllity rof MTOMCATS fypensitozdnes in the presence of
pol yneri zati on of TOMCATS type sil oxane. The

&b icarteRtisgse ifRBRIE hesisiown InTableti ity
c|§§/§Fﬁ'de: ;ﬁ g%’%ﬁa bgtyl - 4- et hyl phenol ,
2,2,6,6-tetranethyl -1 -pipe ridinyl oxy,
2-tert-butyl-4- -15 hydroxyani sol e, . . .
[eoger ttdoadgnesa-thigdsa&ty' iTﬁM@,ATﬁ Bipg| siloxang was spiked with low
3,4,5-tri hydroxy- benzoic acid, , I
iavéld  of -cttiermicaiy véichy function asdreec rastinas scavengers, i.e., antioxidants.
di phenyl pi cryi hydrazyl, 4- tert-butyl catechol, )
Thast intloxiddntsier sgavengersxndy mhpya:{atefgpg chemical reactions that
di phenyl am ne, N, N -di phenyl - p- phenyl enedi am ne, )
profyéed cng/@i nBsndieal reactioh epathwanct Tbegritiogidant or free radical
-di-tert-butyl -4-hydroxyphenyl) propionate,
%ﬁv&ﬁ?&ﬁin@%ﬁé‘a{é@% 63, TOU--dreVér nitrogen trifluoride- stabilizers was
utyl J-4-hydroxy-hydroci nnamat e) net hane,

%,:%gﬁl?%ﬁ{g@ﬂa-ﬁ%ethty?:Eﬁtﬁbﬁ”idi‘%m'sf@ﬂ 'b%ﬂﬁhgdrb*ﬁdbéh@yl JGMCATS

s i-ter - 4- hydroxy- hydroci nnanat e,

ﬁ@é}%@}(%%é %vf{r%r Igt'éﬁétﬁﬁﬁml?%&le' fushBisitonswaYd s ICAERMA) nitrogen

- -4- hv 5 .
B0 el RS oL (T SR o kpinsy et of o
4, 4" -t hi obi 6-tert-b = L)
arest e Rading ebSiuty YLTOMBATS eigioxang towsyg Gy Gs andlor

b lid hyd id d m xt th f. o
REORE A ITHcoe At eiona o i aperalt 55 SBRWATHIRg sefies & 1ests run ot

d oil wheat ils .t h I d ,

G074 (Tae| Do fnoineribense Jtiay Bihis fiee”loriRmlr iogey, which
of TOMCATS type sil oxanes may be . .
reportedly gives rise to undesirable )()asm film properties. TEMPO is also

expected to be an effective Oz, CO» and/or nitrogen trifluoride-stabilizer.

[0030] These tests clearly established the benefit of the use of relatively low
levels of antioxidants or free radical scavengers to greatly reduce or eliminate the
sensitivity of TOMCATS type siloxane to Op, CO. and/or nitrogen trifluoride,
thereby, reducing the likelihood of plugging problems occurring by the Oz, CO2
and/or nitrogen trifluoride promoted polymerization of TOMCATS type siloxane.
The scavengers/antioxidants contemplated for this utility include: 2,6-di-tert-

butyl-4-methyl phenol, 2,2,6,6-tetramethyl-1-piperidinyloxy,  2-tert-butyl-4-
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catal yzed by free radicals. The conposition and net hod
descri bed herein denonstrates that certain
antioxidants or free radical scavengers are effective
additives for inhibiting the polynerization of TOMCATS
type sil oxanes, such as 2,6-di-tert-butyl-4-nethyl
phenol , al so known as butyl hydr oxytol uene (BHT). 20
However, other nechani sns for polymerization of
cyclical polysiloxanes are also wthin the scope of
the conposition and process described herein. In this
RREakghnisole BtertrbLyl-a+tydoosiydaisole, mpyoe &etREd 3. ﬁé[-trlhydroxy-
inhibit polynerization in a manner -16 other than

bémRid ki ab-(HMhidthgethylfes-behzaredialn aliphenyinigrylnydrazyl, 4-
ant i oxi dant s may be used by thenselves or in

NIRRTk N LS rvicktedxydiphiehjlamiinese diphenylamine,
radl tgféh{ém%\ﬁ 3“21 Tov at tlal n F?he objyect of the present

pbl ;‘ﬂéh&g&atplt éﬂ?%ﬁ gr P ype sil oxangﬁmg%rprt\eynpc:lcgtl:tadecyl-
P R R T Ypeny) rSpeatel 18ARS (RIbRoe(6.5-dert
E‘%ﬁ E%‘i%ge'h?he&%c Lgnggssg‘?é ﬁeséoi Inﬂl 2i Fgréi';@tﬁlazines,
llena s oas ”Earthw%iebﬁﬁeﬁé?f”zéiﬁ. o RRERI 5PV hyaroy-
5235%%@;%@58&#?%33 %pﬂi—% #—?p@@i‘i $*Jr{yéfq%gﬂam hydrazine,

carried out at 90C in the absence of contanm na

i (Reme oy 6P DUBRRRIND O IANE o AYELR mﬂeﬁawe"ay' bis
whi ch TOMCATS type sil oxane was intenti oni Bci %
{ectadenyi mhoe-nh@mom dhipbiss é6-tart-butyhaseresal R,Qa'@% ylenebis (6-
CO2 and nitrogen trifluoride. Al three of these
tarsbetykperesql), cakalyl (isd(benzyisepehydrazideh and midures  thereo.
processi ng or mai ntenance for the chem cal vapor

tzparally ibocurpihg Ardidxidants caFOMSATLS ugerksuch asaaw seed oils, wheat
precursor. Oxygen and NF3 are known sources of free

8gﬁh®ﬂb%00m5nﬂnﬂm§l | oxane is often diluted with
and/ or during a

[0031] It is believed that the polymerization of TOMCATS type siloxanes may be
catalyzed by free radicals. The composition and method described herein
demonstrates that certain antioxidants or free radical scavengers are effective
additives for inhibiting the polymerization of TOMCATS type siloxanes, such as
2,6-di-tert-butyl-4-methyl phenol, also known as butylhydroxytoluene (BHT).
However, other mechanisms for polymerization of cyclical polysiloxanes are aiso
within the scope of the composition and process described hersin. In this regard,

one or more antioxidants may be added that inhibit polymerization in a manner
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typi cal PECVD process. Nitrogen trifluoride is
comonly used in the chanber- cleaning step of such
processes. 20 -17 Exanple 1: Polynerization under
vacuum conditions. Stability of TOMCATS type
siloxane, with and wi thout BHT [0033] Six quartz
anpoul es wth a nom nal volune of 80-90 ml were used
for 5 this test. These anmpoules will be referred to
in the present exanple as 1A, 1B, 1C, 1 D, 1 E and 1
F. These anpoul es were prepared by rinsing twice with

haf tHd G4l inkibitieR. Widte' BRI GHo O mdee antibxidants may be
c?*héfr]tﬂanzfg%%\l’%?% "611 |dryi ng oven at 175C for 16-18

i tinkibivy digals.
%elgmr%ﬁgse?véécﬂm%ﬂnﬁﬁa%ﬁ QithelftivRidahtsana nl1 ibhnee ra

sti warm Approxi mately 5.0 of
additive free TOMCATS type siloxane was 10 | oaded into
anmpoules 1 AL 1 B, 1 Cand 1 D. Asimlar amunt of ..
[0OBZRTE Bytam thei bbiecnef thenpresanhipvesiion, je glisynale; efinpibit the
BHT was | oaded into anpoules 1 E and 1 F. Teflon

q_@ﬂrmeﬁzWrﬁofa[(Dn'ﬂm?S typetsilexaneeundardypitatGhD prgaags sonditions,
he end of anpoule 1A was inmmersed in a |liquid

RbbfAGYNeRFIrnérits OasrRe nan withather intent ofTSAahg wpaditions that
si|l oxane to condense. The air was evacuated fromthe

jféM@ﬁﬁs P66 NbxArEE WP Bb esubject ubjircd typgeal tCVD pracessn The

or 5 mnutes. The anpoule was seal ed at the neck

H " . - e f
gﬁnépdgﬁﬁggé’%’ %f g‘?élas'é/ﬂ)ﬂﬁfb%% w88 l“d&ugérﬂ %gr SorRpAYintpthebstability of neat

were sealed’in simlar fashion.

TERCR TSN btSelte fvannEpolymrsBlen D] AHERS] TOMCATS
Bie ¥15Rng. Bt Vi Sordamstus deTHT S TRRSP Sebly fosts were
CETRI  e T M L o L W
Et%ggﬁég tol#rce.‘:intaminants, in which TOMCATS type siloxane was intentionally
exposed to controiled amounts of selected gases such as Oz, COz and nitrogen
trifluoride.  All three of these gases are typically used at some point in the
processing or maintenance for the chemical vapor deposition of SiO: from
TOMCATS type siloxane precursor. Oxygen and NF; are known sources of free
radicals. TOMCATS type siloxane is often diluted with O, and/or CO; during a

typical PECVD process. Nitrogen trifluoride is commonly used in the chamber-

cleaning step of such processes,
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[0034] GC anal ysis showed no significant

pol yneri zation for the control sanples (1A, 1B)
relative to the lot nmaterial. The heated sanples with
no additive (1C, -18 1D) showed an average

pol yneri zation of 0.136% The heated sanples with 150
ppm BHT had an average pol yneri zation of 0.079%
Results are summarized in Table 1. 5 Exanple 2:
Sensitivity to carbon dioxide. Exposure of TOMCATS
type siloxane to 0.50 wei ght % carbon di oxide [0035]

Four quar tg,aapeUyl: esolfmérizaidn (HaeRvaculioh conditions.eaned
and dried as 10 _described in Exanple 1. Appraoxinately
5.0 g of SEOIHAVETOMEATS haessiexanmouinai wHBORBRT ve
was | oaded into anpoul es 2A and 2B. A simlar anount

of TOMCATS type siloxane spiked w th 15(2)%5)§m b')z/ di
(0088t SinfqUBHE ampouleaddih & mominalnyriumeofR-4i gnbyere used for
Each of the 4 anpoul es was equi pped with a quartz

wiglest. ahesx aepxiutes, willdyepredened fo in theppresentenasple asalA, 1B,

~was cooled to liquid nitrogen 15 tenperature and

EATD At Bantiol 7. eThsse drhpoules were prepabachioy fasieg twise with distilled
anpoule was isolated fromthe vacuum and 19 sccm of

WA OWicE with G8aghim gralfe aestone,thes piatediiptoa dyingigesn at 175°C
t hrough the septum cap on the side arm The anpoul e,

for 6l 18 HOGR! THE I EhSAlled WoRs Hirfovatisormahé edenaindgused while
torch as described in Exanple 1. The remaining 3

SIEOH Prodfs it et mas mOMO TS pwskonare vos
DERRA T RimBdaBR A 18 1200, LA b TOMOATS e
G54 MBS 1o bl S A 508 G5 1€ anc
P 'g‘l %‘?\roinzv% \ife%nwgrfe gt'ta(l)c Se%toFfﬁg %lpte?l énd-of® t%%b&ﬁgs. The end of
ampoule 1A was immersed in a liquid nitrogen bath to cause any vaporized
TOMCATS type siloxane to condense. The air was evacuated from the
headspace of the ampoule by subjecting it to vacuum for § minutes. The
ampoule was sealed at the neck using a hydrogen/oxygen torch. The remaining
5 ampoules (1B-1F) were sealed in a similar fashion. Sealed ampoules 1C, 1D,
1E and 1F were placed in a nitrogen-purged oven, and subsequently held at a
constant temperature of 90°C for 24 hours. Ampoules 1A and 1B were kept at

room temperature and served as control samples. After 24 hours the heated

ampoules were removed from the oven and allowed to cool to room temperature.

[0034] GC analysis showed no significant polymerization for the control samples

(1A, 1B) relative to the iot material. The heated samples with no additive (1C,
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in Table 1. 25 -19 Exanple 3: Sensitivity to oxygen.
Exposure of TOMCATS type siloxane to 0.50 wei ght %
oxygen 5 [0036] Four quartz anpoules (3A, 3B, 3C and
3D) were cleaned and dried as described in Exanple 1.
Approximately 5.0 g of TOMCATS type sil oxane
containing no additive was | oaded i nto anpoul es 3A and
3B. A simlar amount of TOMCATS type sil oxane spiked
with 150 ppm by wei ght of BHT was | oaded into

anpoul es 3C and 3D. Each of the 4 anpoul es was

1 oMY MM hVerag waljerkatien 400 AB8YeXTlenbeated sampbesiwith 150
W

a septum Anpoul e 3A was cooled to liquid

h BROe RN 24 plyAReZ RTHIR0.079%0 Resuitsere samanarized in
F%Hr?t't € ﬂ%da g‘pace@é{'ﬁeyan’poul e was isolated fromthe

m and 19 sccm of oxygen was injected via a
syringe through the septumcap on the side arm The
anpoul e, still under sub-anmbient pressure, was seal ed
using a torch as described in Exanple 1. The remaini ng
3 15 anpoul es (3B, 3C and 3D) were prepared and seal ed

in the sanme maRner. | . es were
heated for 24 %ﬁpﬁ)téﬁ% é&%gﬁg't%@gé:a?ﬁ%@g&? }#e'Exanpl e 1.
TOVOEYSodurd ef FOMOATS typd Sitoxtna telD S0wesightdihendrizen dioxide

average polynerization of 6.462% The sane chem cal
with 150 ppm of BHT additive showed an average

Lzradu swoTemléared and dried as
[pgglsgeqé&%ua%? %PQUI%J(%«, Basptt ande®) @ and drie

anple 4: Sensitivity to nitrogen

S, Bl ABOTNGRT 5 poof OMGHT sty sl
#cﬁ‘é&eﬁiﬁﬁeﬁc’? a88iivé GRsiCafihtrhfpbhies O f4d DB EResimilaf amount of
TOMCATS type siloxane spiked with 150 ppm by weight of BHT was loaded into
ampoules 2C and 2D. Each of the 4 ampoules was equipped with a quartz side-
arm extension, capped with a septum. Ampoule 2A was cooled to liquid nitrogen
temperature and evacuated to remove the air in the headspace. The ampoule
was isolated from the vacuum and 19 sccm of gaseous carbon dioxide was
injected via a syringe through the septum cap on the side arm. The ampoule, still
under sub-ambient pressure, was sealed using a torch as described in Example
1. The remaining 3 ampoules (2B, 2C and 2D) were prepared and sealed in the
same manner. All four sealed ampoules were heated for 24 hours at 90°C as
described in Example 1. TOMCATS type siloxane without additive showed an
average polymerization of 0.216%. The same chemical with 150 ppm of BHT

additive showed an average polymerization of 0.028%. Results are summarized

in Table 1.
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= radical scavengers, such as BHT, to inhibit the
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nitrogen trifluoride pronoted -20 polynerization of
TOMCATS type sil oxane. Because of the potenti al
reactivity of NF3 and the corrosive nature of

possi bly byproducts, these conpatibility tests were
carried out in a 300cc stainless steel Parr Reactor. 5
[ 0038] 49.956 g of TOMCATS type sil oxane was | oaded
into the 300 cc reactor. This sanple of TOMCATS type
sil oxane did not have BHT, but did have 125 ppm by

wei ght 2, 4- pent anedi one. The 2, 4- pent anedi one was

devel oped as an earlier additjye to stabilize TOMCATS

type siloxane. THexaja@eid SNsitiviyie 8XYIRladspace was
' {
i UEAYd oo o

ation was 636 ppm by wei ght
(0.0636 weight 9% . The reactor tenperature was raised

3 | O S D} MRré Rfsankdeshd dried as

[bﬁﬂélo%%&%gg ﬂg@&?lgﬁ@/@dé%y?»%ﬁ#’f%gs out the reactor.

he | eact of. was, opene : T bAPRa hattbxane
‘Iecﬁ?ﬁf’%@e'r'y Eé%rp\plgdﬁ. Ti@qpéc’;v\;g‘;% te:]ig r'es?dﬁfgﬁ.@“ﬁbqui dﬂ?ﬁ
the reactor. 15 [0039]. Sanmpl e r Y AVdi ount of
eantyeinad a@@}%\*ﬁ é{é\s ?q#@eﬁdﬁf?ﬂo%ﬁeéﬁ“ﬁé g and'3%, Apér“i'ggﬁ?“
exanpl e, are jndicatjve af i gh degre -
FOMGATS sata sloxecs Spspaart 150 pEmY JRGALE! BHT yes loaded into
sanpl es are not anenable to anal ysis by CGC due, i
amppulesidsandBD. i Egch of the thamPauiga s %%'w#@!tﬁ & fyprtz side
sanpl es are assigned a degree of 20 polynerization,of
Herl @xioaisipnt cappdcdwith Rsaptmodenpaule BAW e%%ﬁi?f? hqlﬂ? nitrogen
Exanple 5 Sensitivity to nitrogen trifluoride.
fermsaiute ahd TEVMCAABd: ppremvectvarair il the headspare sifing gmpoule
nitrogen trifluoride o ) .
was isolated from the vacuum and 19 scem of oxygen was injected via a syringe
through the septum cap on the side arm. The ampoule, still under sub-ambient
pressure, was sealed using a torch as described in Example 1. The remaining 3
ampoules (3B, 3C and 3D) were prepared and sealed in the same manner. All
four sealed ampoules were heated for 24 hours at 90°C as described in Example
1. TOMCATS type siloxane without additive showed an average polymerization
of 6.462%. The same chemical with 150 ppm of BHT additive showed an

average polymerization of 0.031%. Results are summarized in Table 1.

Example 4: Sensitivity to nitrogen trifluoride.
Exposure of TOMCATS type siloxane without BHT to nitrogen trifluoride

[0037] Compatibility tests were carried to evaluate the effectiveness of free

radical scavengers, such as BHT, to inhibit the nitrogen ftrifluoride promoted
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[ 0040] 49.863 g of. TOMCATS type sil oxane was | oaded

into the 300 cc reactor. 5 This sanple of TOMCATS

type sil oxane had been previously spiked with 150 ppm

by wei ght of BHT. The gas in the reactor headspace was
evacuated. NF3 was expanded into the headspace such

that its final concentration was 631 ppm by wei ght
(0.0631 weight 9% . The reactor tenperature was rai sed

to 100C and held for 24 hours. After the specified

tinme, the NF3 was renoved by punging out 10 the . tivity of
p@?«uenxaﬁoﬁm TRHOATS type sipanal BeeAuss ¢fjhe polgntig] eac
colorless liquid was recovered. The loss in me%%ht__

NES apkoiabtorrsiiee hatuengdi pagsinly biypradugts: dhese compatiifyy tests

of the experinment to renove the NF3. The |iquid was

WhANSAAEH Ott froa 800G StHdTs! stea! Rant Rbacton sanpl e was
anal yzed by GC, establishing that the purity of

TOMCATS type sil oxane stayed the sanme at 99. 95% before
and after anal ysis.

15 No pol ynmeri zatipn Was
9381 401956 ZooNERMEAT SrivpeigXAng as Jgadkdiribe,3pg.cc reactor
siloxane with and wi thout BHT inhibitor_ [n th
Phisssampie of TOMCATS teprediaxane sisinelchavgr B F ohut dis hayg 125 ppm
Exanple Gas in % Purity of Spiked Time Extent of .
By sveight 2/4-pRotaneadianepdthe 2Aapanianedipne,was developed as an earlier
Pol yneri zation Polymerization type 150 90C after
heditivetp efabifizpl TMCATS type siloxangnT beige} in dhe Emaeirdiwadspace
(after (before BHT? testing) testing) 1A None 99.962
NasOevadlafith <NP; Q@i ekPamtett IR6. $e2 helbdgpace0swd®E that its final
concentration was 636 ppm by weight (0.0636 weight %). The reactor
temperature was raised to 100°C and held for 24 hours. After the specified time,
the NF; was removed by pumping out the reactor. The reactor was opened.
The TOMCATS type siloxane had completely gelled. There was no residual

" liquid in the reactor.

[0039] Samples that are very viscous or gelled, such as the one described in the
present example, are indicative of a high degree of polymerization for TOMCATS
type siloxane. These samples are not amenable to analysis by GC due to their
insolubility in common organic solvents. Such samples are assigned a degree of

polymerization of “>10 weight %" for the purpose of this document.
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1C None 99.962 No 24 0.113 0.136 1D None 99.962 No 24
0. 159 1E None 99.962 Yes 24 0.084 0.079 1 F None
99.962 Yes 24 0.075 2A CO2 99.962 No 24 0.242 0.216

2B CO2 99.962 No 24 0.190 2C CO2 99.962 Yes 24 0.028
0.028 2D CO2 99.962 Yes 24 0.027 3A 02 99.962 No 24
6.482 6.462 3B 02 99.962 No 24 6.442 3C 02 99.962 Yes
24 0.006 0.031 3D 02 99.962 Yes 24 0.057 4 NF3 99.93
No 24 V> 10.0 $ > 10.0 5 NF3 99.95 Yes 24 < 0.01 <
0.01 5 * Al contam nant gases were spi ked at 0.50

wei ght per cengxamplel:t Sensitivilytoinitrogen thfidride. Exanpl es
#4, and #5, _that s present at. Q.06 % i ;
WEXDESUre ShTOMGATS typeaiokpng, “P‘Qr?p?g’r it i felfpfe fiborice

No GC was run since this sanple had fully gelled. This

is indicative of > 10% pol yneri zatiop. , -2 ;
[B0401] 149,563 of GAMGATE oo SIperk AT BAdes TTRgE SB0 S dpactor
of the antioxidant BHT subjected to an equi al ept th 150
Thik avanpie it TOMOAT Sityrsosiloxese, hadi heen RiRYIPURY SRIkeG L
[0041] Three clean 85 m quartz anpoul es were pl acect NF
pmychvgightjob BEIT. aThe as I the wactordeedsprgeawas evacuated. NFs
noi sture. The clean, dry anpoules were imedi ately

was expanded into the headspace such that its final concentration was 631 ppm
by weight (0.0631 weight %). The reactor temperature was raised to 100°C and
held for 24 hours. After the specified time, the NF; was removed by pumping out
the reactor. The reactor was opened and 45.631 g of clear colorless liquid was
recovered. The loss in weight was probably due to pumping on the reactor at the
end of the experiment to remove the NFs. The liquid was transferred to a
polyethylene bottle. A sample was analyzed by GC, establishing that the purity of
TOMCATS type siloxane stayed the same at 99.95% before and after analysis.

No polymerization was detected.
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transferred into a nitrogen dry box.

5

box 1.3 granms of TOMCATS

was added to each of 3 anpoul es using gl ass

Wthin the

dry

contai ning 150 ppm of BHT

pi pettes

to mnimze the anmbunt of TOMCATS on the neck of the

vessel .

Tefl on val ve assenbly,

One of

a septum cap. The nmain val ve was cl osed and the

the three anpoules was fitted with a
equi pped with a 10 side-arm and

anpoul e assenbly was renoved fromthe dry box and
connected to the glass vacuumline. The base of the
anpoul e was cooled in |iqgu t§ogen for 5 mnutes

whil e

nltrogenmqhg
was again 1's

oXygen was i nJ ect ed

keeping its contents

anpoiihe stekility néﬁOMﬁ%E‘éi tyre 5"\%@%%‘

ggllfate

I sol

at

i granoaf BT ighibRor
BefdsRafLchehBalaivieet dfdreenmdicats. 15

from dynam ¢ vacuum and 130 sccm of
into the anpoul e through the

septumreap—the q“ﬁ'ﬁ}g—rﬂgaqﬂﬁﬁé WaSEk@Riofl N| [ A®rage %
El"a'ﬂi ni F?a(? a’? U § Hpre m nutes to . conde g; ization
t ho.ox g-dnadﬁpémef AOMGAESIS padth . | A@ t hPSlymergatiop Cﬁ‘@%?{
of the |anpoul e was f -$eqkgd | wpP@y aftertesting | of duplicate
hydr oggn- oxygen forch. The anpoul e thus pyepared
pl aced |i n a I abol afle¥gneso PE'B at"8he. Th{§ pr oge %%\i%e.s (after
was repeated to prepafors tchmmf ¢ anpoul es such [t hatesting)
the tegt was don¢ in tr* icatef After 24 hours,| the
anpoul ds were refoV8¥"9} r om t he loven] allowed td coal
andAL r NSt Noheed 1| Nt 99,9622 dryNdno>. OTh¢ arp@00®s |wer & 0.005
br-eken{eopep—and—sarples tHhe—htetg—ne gasi de
f or'Bac anaN%? s. Th%9 96?2 Gd{l%\ncll VSi 4 ofé B2 duig
shaged |an Huee age degeamiat]i dﬁnof @412 % Oeldtive to 0.136
f l"\t: : A ulluul‘ of \.}IVL‘ATC\ nnAZ] Tlli UVE [ eSt S
vverQ repea{\I trip atie 'g? Og% and JPZ% 105C
appEOX| mat bee 3000 0$9.96% ||| qmsd @WCATS IQaQMgeI I ed 0.079
+R ;nn‘-;n\d ouuotn A lll:li d.lIUII | url‘ed

q'fi TUNO%R "t e Wm h’% 24 057

CO: 99.962 24 0.242 0.216

2B CO; 99.962 No 24 0.190

2C CO; 99.962 Yes 24 0.028 0.028

2D CO; 99.962 Yes 24 0.027

3A (0 99.962 No 24 6.482 6.462

3B 0, 99.962 No 24 6.442

3C (0 99.962 Yes 24 0.006 0.031

3D (O 99.962 Yes 24 0.057

4 NF; 99.93 No 24 ¥ >10.0% > 10.0

5 NF; 99.95 Yes | 24 ¥ < 0.01 < 0.01

* All contaminant gases were spiked at 0.50 weight percent, with the exception of NF3 in
Examples #4,and #5, that was present at 0.0636 wt.% and 0.0631 wt.%, respectively.

¥ Testing temperature was 100°C.

1 No GC was run since this sample had fully gelled. This is indicative of > 10% polymerization.
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gelled. The results are sunmmarized in Table 2. Exanple
7: Stability of TOMCATS type sil oxane contai ni ng 500
ppm of the 10 antioxi dant BHT subjected to an

equi val ent nol ar anobunt of 02 at 90, 105C, and 120C
for 24 hours [0043] Three clean 85 ml quartz anpoul es
were placed in a drying oven at 175C to renove
surface noisture. The clean, dry anpoul es were

i mediately transferred into a nitrogen dry box.
Wthin the dry box 1.3 grans of TOMCATS 15 cont ai ni

n
508y aRmES: Sbilinesr FONCA TStype slioxsnescanipoiige5ARM Q? the

glass_ pipettes to mnimze the. a ) °C,
D astionidsint 85 1 sebiedisd s an gaogient FEgal Hpdin HEXEAT 0% os°C
fitted with a Tefl on g vmeadeesdhpursequi pped with a
side-arm and a septum cap. The nmain valyve cl

[8041} HEhreesiears 528K SWBIY: HAROVIRSIVAIR plrged i & Smﬁg&’e” at
and connected to the glass vacuumline. 20 The bas%n%)fdiatel
1155 Catgpramavensisrfansometstura. | Thurlgan; SRRBROYIGS were Immadiately
m nutes while keeping its contents isolated from S
waesfoned Tite aanitoger draboxhaNithipdhe @ry §ox a3 giams of TOMCAT.
evacuate the nitrogen fromthe headspace. The .
SorsRiged5anpe | of BWETS wagaaddeds ¢ seetl ofr Snampelas cusing glass
vacuum and 130 sccm of oxygen was injected into the

AiPBALE & MR thehansentol MAMBATShen theseeal oftthe vessel. One of
anpoul e was kept in 25 the liquid nitrogen bath for 5

[ e TR SSLIES WRNIESE Withhe Tefipgevalie assermbly, eRBipped with a
eadspace. At this tinme, the neck of the anpoul e was

§ihéfﬁfr§§ﬁﬁe§l éé?itd?ﬂ t?ag. hyiHeO gifiin Qan@e Wakotiosed Enel the ampoule
anpoul e thus prepared was placed in a | aboratory oven

%ﬁemyﬁi rAmdval ‘?n%\‘nﬁ Enae}’@r? HokRFRI RMnketcBIt6 AR §lak¥@acuum line.

re " ul'és such he test was done in
5P PAFRTHE b At B Bl FRIALARDES, g wne
&geepir% )lltsbé)oxriter-\rtg %soalg?é%ugrgn‘i’t vacuum. The ampoule was then opened to
vacuum to evacuate the nitrogen from the headspace. The evacuated ampoule
was again isolated from dynamic vacuum and 130 sccm of oxygen was injected
into the ampoule through the septum cap. The base of the ampoule was kept in
the liquid nitrogen bath for 5 more minutes to condense the oxygen from the
headspace. At this time, the neck of the ampoule was flame-sealed using a
hydrogen-oxygen torch. The ampoule thus prepared was placed in a laboratory
oven at 90°C. This procedure was repeated to prepare two more ampoules such
that the test was done in triplicate. After 24 hours, the ampoules were removed
from the oven, allowed to cool, and transferred into the dry box. The ampoules

were broken open and samples of the liquid were set aside for GC analysis. The
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wer e_broken open and sanples of the liquid were set
aside for GC analysis. The GC analysis of the liquid
showed | ess than 0.20% degradation relative to the
initial anount of TOMCATS. [0044] The above tests were
repeated in triplicate at 105C and 120C. At 10 105C

| ess than 0.20% degradati on was observed. At 120C
approxi mately 50% TOMCATS had gelled. The results are
summari zed in Table 2. Exanple 8: Stability of TOMCATS
type sil oxane containing 2,000 ppmof the 15

tiraristiont tHHlqsd Rheweadr average qiegradation ofdd.42 % relative to
%dl?%psﬁaw atq 90, 105C, and 120C for 24 hours

t{,@ﬂ{fﬂd F6R of roMCRPsN quartz anpoul es were placed
in a

rayl ng oven at 175C to renove surface noisture.

R kRd ATRIiGAs! at 105°ahdr 1201C. At
[ﬁﬁw;ﬁ’% ??g%é/ertl r%giewg\i’thi n tﬁ,:e dry box 1.3 grans

e YRR RRfiP Gk oR e 80P ROMEATHT nea geldda irdicating

eS using glass pipettes to mnimze
the anount, of L e oEhgIl WP IRe! TOMDATS had
%pstqrﬁgym}yg@rg%;@go%é&%@t% fvgotﬁ a Teflon val ve
asse , equi pped wth a,. stde-grmand a septum cap.
Qeﬂ'@dﬂg'il% r@gﬂlﬁ%g "E'PBE%‘%’ 'Q?]fo&ﬁ%g' anpoul e assenbly
was renoved fromthe dry box and connected to the

gl ass vacuum line. 25 The base of the anpoul e was
cooled in liquid nitrogen for 5 mnutes while -26

e
QB 31 S8 6o 10 3 R ird)PAbEnt AR, AB0°N105°C.

fTomdynam c vacuum and 130 sccm of oxygen
was injected into thanhi@PQ lerAMSeUEh t he septum cap.

RS SER o chOF A BBt e faEad 74 dino ven
? %(g%e{]o ];errr?g&et QSrface moisture. The clean, dry ampoules were immediately
transferred into a nitrogen dry box. Within the dry box 1.3 grams of TOMCATS
containing 500 ppm of BHT was added to each of 3 ampoules using glass
pipettes to minimize the amount of TOMCATS on the neck of the vessel. One of
the three ampoules was fitted with a Teflon valve assembly, equipped with a
side-arm and a septum cap. The main valve was closed and the ampoule
assembly was removed from the dry box and connected to the glass vacuum line.
The base of the ampoule was cooled in liquid nitrogen for 5 minutes while
keeping its contents isolated from vacuum. The ampoule was then opened to
vacuum to evacuate the nitrogen from the headspace. The evacuated ampoule
was again isolated from dynamic vacuum and 130 sccm of oxygen was injected
into the ampoule through the septum cap. The base of the ampoule was kept in

the liquid nitrogen bath for 5 more minutes to condense the oxygen from the
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headspace. At this time the neck of the anpoul e was
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 titiad amaup oh THMG

flanme-seal ed using a hydrogen-oxygen torch. The

anpoul e thus prepared was placed in a | aboratory oven

at 90C. This procedure was repeated to prepare two

nore anpoul es such that the test was done in

triplicate. After 24 hours, the anpoul es were renoved

10 fromthe oven, allowed to cool, and transferred

into the dry box. The anpoules were broken open and
sanples of the liquid were set aside for GC anal%gia. ing a

%ﬁ?’spéﬁé.aw thid Sl thévandek ofi thestropeule| was flamensealopising
egradation relative to the initial amount of

MV&#Q JRi ke hehamvsoule tius preparedesas plagedrin a laboratory
trip |rfg)t(% at 105C and 120C. At 15 105C | ess than

%‘{@Og%?éﬂ% ig?ébe\éﬁ?e RRas eapetled f8 piepa bupmoxe AmpsUes such

0 d gelled. The results are summari zed in

EB%-E#'% ﬁelshg?é%%% !ﬁp}mﬁg tng«?%rz 8ﬁ§w§§mﬁmgﬁ werearamoved

figelche' Shn. Dudled B 4. AR P e T

uart z , anpoul es r S ' ha . Th

878 biGE BrendSHripBs B e LA wEla LGRS G shéeis. The

wer e i mredi at el Lransfer ' i :

G Analvemeoiinp o SPOWEEL (65 Jhdk B0 SSRAGNGH Telate to the

5,000 ppm of _BHT added to each of 3 anpoul es using
&fé'to mnimze the anmount of TOMCATS

on the neck of the-vessel. One of ,  the three, [,850

@044 The abaventesisTwere feraatee '%éﬁ%'f?&?%/ ,ali] e@g’. @B@S&J vﬁ’hc' At
a side-armand a septumcap. The main v |\{)§ was . lv 50%
¢ D52 tbsarttian PR3k Pegrasiation sasbsened. A TROSG FRRAimately 50%

dry box and connected to the glass vacuumline. 5 The
NONCATStHae! getiedu Thevresultsoaresimmarnizeslind able 2ogen f or
5 mnutes while

Example 8: Stability of TOMCATS type siloxane containing 2,000 ppm of the
antioxidant BHT subjected to an equivalent molar amount of O at 90°, 105°C,
and 120°C for 24 hours
[0045] Three clean 85 mi quartz ampoules were placed in a drying oven at

175°C to remove surface moisture. The clean, dry ampoules were immediately
transferred into a nitrogen dry box. Within the dry box 1.3 grams of TOMCATS
containing 2,000 ppm of BHT was added to each of 3 ampoules using glass
pipettes to minimize the amount of TOMCATS on the neck of the vessel. One of
the three ampoules was fitted with a Teflon valve assembly, equipped with a
side-arm and a septum cap. The main valve was closed and the ampoule
assembly was removed from the dry box and connected to the glass vacuum line.

The base of the ampoule was cooled in liquid nitrogen for 5 minutes while
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keeping its contents isolated fromvacuum The anpoul e
was then opened to vacuumto evacuate the nitrogen
fromthe headspace. The evacuated anpoul e was again

i sol ated fromdynam ¢ vacuum and 130 sccm of oxygen
was injected into the anpoul e through the septum cap.
The base of the anpoule was kept in 10 the liquid
nitrogen bath for 5 nore mnutes to condense the
oxygen fromthe headspace. At this tinme, the neck of
t he anpoul e was fl ane-seal ed using a hydrogen-oxygen
kespifg itShsoraems Ussiatedusomnagaund Whe Phpedd was then opened to
| aboratory oven at 90C. This procedure was repeated

L ScRING RS b9ad e TR Ritogealirem the hbadsdere. t The peatualed ampoule
done in triplicate. After 24 hours, the anpoul es were

{rﬁg‘ﬁs@ﬂw lso1dt5@ Fohi ByRarfAie. vasllLigngst 180 @eom, ofaoxygen was injected
ran

erred 1nto the dry box. The anpoules were

Py ooy, T oyt s o
P PG o B YR E AR rRes i Sl e oRosy flom the
SSBEENFA. A HPRECES, Sl PR A ploa® uan o
Bydfaeee-oryoostaEh 17 SPeeuRCRTe FgRRel frasiaged in atdborator

cont ai ni ng 10, 000 m of the nt.i oxi dant, B

ovie @ BRi+ 3 hisProseia vas repeRiEd ‘arPéﬁ?ﬂ"*J\”°5g°'§tarBB?”'es such
105C, and 120C for 24 hours [0049] Three cle

hatthe testpuas denet tibivaiee Al 24 BOYSnISABROY
175C to renove surface noisture. The clean, dry

Snopo thecevam raliowereaicoobiand trangfered inta they0py Boki (Theqampoules
dry box. Wthin the dry box 1.3 grans of TOMCATS )

evEne brokemgopidn atdsamplesfof M liquid wate sat agide ferGeranalysis. The
anpoul es usi ng gl ass

GC analysis of the liquid showed less than 0.20% degradation relative to the

n 8 m
gs were removed

initial amount of TOMCATS.

[0046] The above tests were repeated in triplicate at 105°C and 120°C. At
105°C less than 0.20% degradation was observed. At 120°C approximately 10%
TOMCATS had gelled. The results are summarized in Table 2.

Example 9: Stability of TOMCATS type siloxane containing 5,000 ppm of the
antioxidant BHT subjected to an equivalent molar amount of O at 90°, 105°C,
and 120°C for 24 hours
[0047] Three clean 85 mi quartz ampoules were placed in a drying oven at

175°C to remove surface moisture. The clean, dry ampoules were immediately
transferred into a nitrogen dry box. Within the dry box 1.3 grams of TOMCATS

containing 5,000 ppm of BHT was added to each of 3 ampoules using glass
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pipettes to mnimze the anbunt of TOMCATS on the neck

10
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20

of the vessel. One of the three anpoules was fitted
with a Teflon val ve assenbly, equipped with a 10

si de-arm and a septum cap. The main val ve was cl osed
and the anpoule assenbly was renoved fromthe dry box
and connected to the glass vacuumline. The base of

t he ampoul e was cooled in liquid nitrogen for 5
mnutes while keeping its contents isolated from
vacuum The anpoul e was then opened to vacuumto

;ﬁgé}fééatbergrrﬁ}ﬁizaithé QaRurt P TOMEGA TS atsthececk THighe vessel. One of
evacuat e

anpoul e 15 was again isolated from dynam c

ﬁﬂmb MRl i 2L Tenos viahieeassainbly nequiphed with a
tﬁﬁ;‘ﬁu ea roﬁ%hwtg%e septum cap. The base of the

GRS CaMF S 'SBBu Reap! NThb Adirdlvaiver was TisEch ahdring ampoule

condense the oxygen fromthe

%ﬁ?ﬁiﬁi @%ﬁé@ﬁp&@b $rohl fi‘\ﬁ’d REx AR8lcoRhedtBE t& fRoglass wacuum line.

I'hg a hydrogen-oxygen torch. The

e “a'g.? tgﬁ@wse A o%ggeg@sggo&%cﬁduéédid il 68K 360BY mitkLtes while

re was repeated to prepare
two nore anpoul es  su t hat e t iHan opened to
keqning dgicontetts é$°'§‘$8:}6 Sv%cyh&l. a‘ﬁﬁ% uqré@,&vl\g ?’g%r Ermov o
fromthe oven, allowed tq cool . and tran ' oule
variian §0 BuRCLAR ahe, AGRRSST dne. R GA B I B amp
sanples of the liquid were set asj for IS it
e agairDis0ieR Ry fnaIcReU N 39 5o O, PR08Y i injected
degradation of 0.20 %relative to the injtial arfnuntketin
into TevaApsLle thosgh thesepbin sapeding Base-oh1Be ARAYIe was kep
triplicate at 105C and 120C. At both 105C and at 120C h
thees liquibianitrOgel0 tathe forallanorenmindes e sondensertiie PXYgan &om the
are 5 summarized in Table 2. Table 2 Oxygen exposure .
heatispdcel AOWR&TIEns otheanetin of e iampcele wasl Barge-sgafpd using a
hydrogen-oxygen torch. The ampoule thus prepared was placed in a laboratory
oven at 90°C. This procedure was repeated to prepare two more ampoules such
that the test was done in triplicate. After 24 hours, the ampoules were removed
from the oven, allowed to cool, and transferred into the dry box. The ampoules
were broken open and samples of the liquid were set aside for GC analysis. The
GC analysis of the liquid showed an average degradation of 0.20 % relative to
the initial amount of TOMCATS.
[0048] The above tests were repeated in triplicate at 105°C and 120°C. At both
105°C and at 120°C less than 0.20% degradation was observed. The resuits are

summarized in Table 2.
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Al'l tests were done for 24 hours using an 02 to
TOMCATS nolar ratio of 1:1. Tenperature BHT
Concentration (C) 150 500 2,000 5,000 10,000 PIPM m m
mm 90 stable* stable stable stable stable 105 30%
pol ymer stable stable stable stable 10 120 100%

pol ymer 50% pol yner 10% pol yner stable stable *
"“Stable" indicates that | ess than 0.20 % degradati on
was measured after testing [0051] The present

i nvention has been set forth with regard to several

mEairmslead: SeibiohFOMCA TS typesilokané conteiingf00R8 ppm of the

present invention uld be. a f, €40E°
P e oxa T PUPoiRA 10 90 QURIET Mdtaifloytbr G40 d0%°108°C,
St abi l'izing a cyclot G&Irfcﬂﬂ!d°®¢0ﬂ24agarmst
ol yneri zation used in a chem cal vapor
[@Ddelas'g’\fﬁarc@am 850 Ml uagigsaMRoYRs e P'éggmﬁ 4 c@f]ng oven at
fabrication conprisin provi ding an effective am
t75°Entcaremove saface mO?SQJfgal'H“Q:y‘l‘? Be 80 %@PPB%&A’&G’RAW%"'“'V

the followwing formula: 1'Il H~ii--QO
fRandfed itSid nidrogen dry box. Within the dry box 1 3 grams of T?bMCATS

containing 10,000 ppm of BHT was added to each of 3 ampoules using glass
pipettes to minimize the amount of TOMCATS on the neck of the vessel. One of
the three ampoules was fitted with a Teflon valve assembly, equipped with a
side-arm and a septum cap. The main valve was closed and the ampoule
assembly was removed from the dry box and connected to the glass vacuum line.
The base of the ampoule was cooled in liquid nitrogen for 5 minutes while
keeping its contents isolated from vacuum. The ampoule was then opened to
vacuum to evacuate the nitrogen from the headspace. The evacuated ampoule
was again isolated from dynamic vacuum and 130 sccm of oxygen was injected
into the ampoule through the septum cap. The base of the ampoule was kept in
the liquid nitrogen bath for 5 more minutes to condense the oxygen from the
headspace. At this time, the neck of the ampoule was flame-sealed using a
hydrogen-oxygen torch. The ampoule thus prepared was placed in a laboratory
oven at 90°C. This procedure was repeated to prepare two more ampoules such
that the test was done in triplicate. After 24 hours, the ampoules were removed
from the oven, allowed to cool, and transferred into the dry box. The ampoules

were broken open and samples of the liquid were set aside for GC analysis. The
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| R RS where R17 are individually selected fromthe

group consi sting of hydrogen, a
cyclic Cl1.10 al kyl

gr oup,

nor nal

branched or
and a Cl.4 al koxy group. 10

2. A process for stabilizing a cyclotetrasil oxane
agai nst pol yneri zation
deposition process for silicon oxides in electronic

mat eri al

fabrication,

H-1i-OR2 \Si/ R3 R?

abedmaRls 6f

consisting o

hydr ogen,

used in a chem cal

conpri sing; providing the
cycl otetrasil oxane having the foll ow ng fornul a:

Il 6 \OSi\ a RI

nor mal ,

vapor

R,

R R5 15

ligindi skioerl Ary aselaget dubyradationt bied gOdtprelative to
branched or cyclic

the inifalkoint @t FemcATe. a CL. 4 al koxy group adding an

antioxidant to the cycl otetrasil oxane.

[nggﬁosﬁweoéb&eafegis%

unt - rangi ng

flefepeenl

-31 3. The

ichfXatteE°Cl anchdigeC.i At both

000 ppm (wt.). 4. The

BPGeRRA A RRE A0 % s Ry g sokeivpas Medasats ar
summarized in Table 2.
Table 2

Oxygen exposure tests for TOMCATS cont
All tests were done for 24 hours using an Oz to TOMCATS molar

aining variable levels of BHT.

ratio of 1:1.

BHT Concentration
Tem'(:"eé)ature 150 500 2,000 5,000 10,000
ppm ppm ppm ppm ppm
a0 stable” stable stable stable stable
105 30% polymer stable stable stable stable
120 100% polymer | 50% polymer | 10% polymer stable stable

* Stable” indicates that less than 0.20 % degradation was measured after testing

[0051] The present invention has been set forth with regard to several preferred
embodiments, but the full scope of the present invention should be ascertained

from the claims which follow.
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5. The process of claim2 wherein the antioxidant is
added in an anbunt ranging from10 to 2,000 ppm
(w.). 10 6. The process of claim2 wherein the
anti oxi dant conprises a phenolic conpound. 7. A
process for stabilizing
1,3,5,7-tetranet hyl cycl ot etrasi | oxane agai nst

pol ymeri zati on caused by oxygen, carbon di oxi de and/ or
nitrogen trifluoride used 15 in a chem cal vapor
deposition process for silicon oxides in electronic
mat eri al fabrication conprC&8AMS provi di ng an
antioxidant to said 1,3,5,7- tetranethyl cycl otetrasi

| oxang. A prodesspiopataiiziig @ eysiotetrasiloxane agednst powmef'zatm

o SR B o B W v cckone

rﬁhfé?ﬁ??ab@legtloﬁ&éhbhsmgﬂbrﬁour@atmeﬂmtwpeamm obfan antioxidant to
eating conpri sing cycl at traS|IoL%ne havi ng the

sai r:mlptegras&wmnedwvmgst@eﬁ&' PO R S (-3 R R
~ /O 6\0Si RI~Ra g

\S|'——--0 R?
AW
N
R’ I | R
Tsi 0
Nos
R ‘ R
RS

where R'7 are individually selected from the group consisting of hydrogen, a
normal, branched or cyclic Cy.10 alkyl group, and a C,.4 alkoxy group.

2. A process for stabllizing a cyclotetrasiloxane against polymerization
used in a chemical vapor deposition process for silicon oxides in electronic
material fabrication, comprising;

providing the cyclotetrasiloxane having the following formula:

R1
H|
N 2
Si=——-=0) R
/ ./
o) S
\\\ 3
RZ I I R
g 0
/ \O—Si/
R® I\\\ R
RS

where R'7 are individually selected from the group consisting of hydrogen, a
normal, branched or cyclic Cy.1o alkyl group, and a Cy.4 alkoxy group
adding an antioxidant to the cyclotetrasiloxane.
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RS where R1-7 are individually selected fromthe
group consisting of hydrogen, a normal, branched or
cyclic C1-10 al kyl group, and a Cl-4 al koxy group; and
an antioxidant. 5 10. The conposition of claim?9
wherein the anti oxi dant ranges in anmobunt from 10 to
10,000 ppm (wt.). 11. The conposition of claim?9
wherei n the antioxi dant ranges in anount 10 from 10
to 5,000 ppm(w.). 12. The conposition of claim?9
wherein the anti oxi dant ranges in anpbunt from 10 to

2, 0003 pPrAd Pockss bBclhiin 2Avkenapothietardioxidiant is added in an amount
, 5, 7-tetranet hyl cycl ot etrasi | oxane stabilized

1,3
ragaingdrop IOVl 0,008 PRI (Wekd in a chemical vapor

deposition process as a precursor for silicon oxides

in electronic material fabrication conprisin 3. 5, 7=

Lot 1 st Ty pragess of ciRéIZWhR@Ik e aplicxiant g Sgd gy amount
fa%%ing from 10 to 5,000 ppm (wt.).

5. The process of ciaim 2 wherein the antioxidant is added in an amount

ranging from 10 to 2,000 ppm (wt.).

6. The process of claim 2 wherein the antioxidant comprises a phenolic
compound.

7. A process for stabilizing 1,3,5,7-tetramethylcyclotetrasiloxane against
polymerization caused by oxygen, carbon dioxide and/or nitrogen trifluoride used
in a chemical vapor deposition process for silicon oxides in electronic material
fabrication comprising providing an antioxidant to said 1,3,5,7-
tetramethylcyclotetrasiloxane.

8. The process of claim 7 wherein the antioxidant comprises a phenolic
compound.

9. A composition used in a chemical vapor deposition process and
stabilized for extended periods of heating comprising:
cyclotetrasiloxane having the following formula:
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H
N g 2
Sj—-=0 R
NG
R? ] | R}
7Si /o
O—Si
ré |\ R
RS

where R are individually selected from the group consisting of hydrogen, a
normal, branched or cyclic C1.1p alkyl group, and a C,.4 alkoxy group; and
an antioxidant.

10. The composition of claim 9 wherein the antioxidant ranges in amount
from 10 to 10,000 ppm (wt.).

11. The composition of claim 9 wherein the antioxidant ranges in amount
from 10 to 5,000 ppm (wt.).

12. The composition of claim 9 wherein the antioxidant ranges in amount
from 10 to 2,000 ppm (wt.).

13. A composition of 1,3,5,7-tetramethyicyclotetrasiloxane stabilized
against polymerization used in a chemical vapor deposition process as a
precursor for silicon oxides in electronic material fabrication comprising 1,3,5,7-
tetramethylcyclotetrasiloxane and an antioxidant.
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