06223P USA .TITLE OF THE | NVENTI ON: STABI LI ZERS TO I NHI BI T THE

POLYMERI ZATI ON OF SUBSTI TUTED CYCLOTETRASI LOXANE BACKGROUND OF THE

| NVENTI ON [ 0001] Silicon dioxide filnms have been used for sonme tine in the
fabrication of integrated circuits (I1C for sem conductor device

manuf acturing. There are many 40 5 exanples of the preparation of such
thin filnms of Si02 in the open and patent literature. See, for exanple, the

publicati-ons of the, Schumacher G oup, Air Products and Cher‘rbgg%g 'Iﬁg.,
e.g. User's CGuide For: dass Deposition with TEOS , and Extrena r?

(Tetraethyl Othosilicate) Product Data Sheet2. See also, Modeling of
Low Pressure Deposition of Si h fd f. 10 TECS3, and The
Deposition of Silicon Di oxi de%‘%%gﬁm 'sure4. There are
numer ous journal artjc] hat. review. ' | or the
deposition of Si02 ﬁ#gﬁéé&%@&tlh@B@%h%uéo%éﬁ &Lﬁ@fr usi ng such
40 techni ques5"9. 15.[ 00GYBBIITYTEPRYELOWETRASILEXONE ed by CvD

oxi dation of silane (SiH4). New source materials were needed in order to
mai ntai n good step coverage as sub- mcron patterned el ectronic devices

were devel oped. Films depoSACKCRYIND QF HAEANVENHEN | cate (TECS) show

superior step coverage properties conpared to SiH47. TECS is considered an
i ndustry si090d3r 8ilisonrdiexitierfilmsehaiébbaen usepafoatsome timeSirothe feleiBation aof
volatile liquid, providing for efficient vapor -1 delivery and general
ease of haReidrated tircuits (ION R stithiebhductdndeliBe mamifacturing. There are many
. 5 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. User's Guide For: Glass Deposition with
TEOS', and Extrema® TEOS (Tetraethyl Orthosilicate) Product Data Sheet’.
See also, Modeling of Low-Pressure Deposition of SiO, by Decomposition of
10 TEOS? 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

9 techniques®®.

15 [0002] Early SiO, films were deposited by CVD o);idétion of silane (SiHi). New
source materials were needed in order to maintain good step coverage as sub-
micron patterned electronic devices were developed. Films deposited from
tetraethylorthosilcate (TEOS) show superior step coverage properties compared

to SiH,”. TEOS is considered an industry standard source for the CVD

20 preparation of Si0,. TEOS is a volatile liquid, providing for efficient vapor




provi des a significant safety advantage over silane. It produces dielectric
filme wth excellent electrical and nmechanical properties suitable for
many devi ce nanufacturing applications. 5 [0003] The cheni cal

1,3,5, 7-Tetranet hyl cycl ot etrasi | oxane (such as TOMCATS(r) sil oxane
avai l abl e from Schumacher of Carl sbad, CA) is under devel opment as a new
source material for the CVD preparation of Si02 glassl10"11. TOMCATS type

peai 1 cal ooy e bRl e eI, B AR OB o 2 s BIRIEy or

specifically deSigned™to satisfy the cri

oo ™SSR BN SR R LABBTRAE RE

used for

various dielectric, filmapplicajions such as trench fill, interleve

di el ectri cyv'tga?éc%”ﬁf‘ttﬁ'ﬁ&&l%éLi%'@tz.mWha"}bQQiVP@@§”§SrrﬁUliab|§anit nafyy devicges,
because of its non-pyrophoric and 15 noncorrosive nature. The nor nal

‘boi I'i ng poMmansfagtuntgsaplications. si 1.oxane and TEOS are 135C and 168C,
respectively. The higher volatility of TOMCATS type siloxane allows it to
be del iSvered at |ower. tenperature or with higher efficiency at conparable

terrperatur[%@pl[s't]s 8epositio_n rate is 10 times that of TEOS at 600C, with a
deposi tion IcTBRcy ahamical t Had 5o Tetrammthyieyaleetrapionane 20(suchsi | ase

and simlar to. TEQS in the conformality and step coverage of the resulting
films11" 12TOMGAEER silgeans availsble2 from Brhiepachier eof TarisbAOMOW)S ié Yiler
si | oxane exhi bit excellent mechanical and electrical properties. The filns

mpg (ra 2 E faedv':vtsﬂ?nr)]ne)?nn; la@ aaxﬁg Fonrmmh%?hl ifé}fthé@va%réﬁ&rétiﬁﬁ%f 6, \Yigss'01",
TOMCATS type siloxane is a high purity volatile liquid precursor chemical that is
10 specifically designed to satisfy the critical demands of the semiconductor device
manufacturing industry. Like TEOS, TOMCATS type siloxane can be uséd 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-pyrophoric and
15 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
efficiency at comparable temperature. Its deposition rate is 10 times that of
TEOS at 600°C, with a deposition efficiency 3 times that of TEOS?. It is superior

20 to silane and similar to TEOS in the conformality and step coverage of the

resulting films'"'2,

[0004] In general, SiO; films deposited from TOMCATS type siloxane exhibit

excellent mechanical and electrical properties. The films are dense with low

-2‘-"




TOMCATS type siloxane is effective for | ow pressure chem cal vapor
deposition: (LPCVD) and as a liquid injection source for plasnma enhanced
-chem cal vapor deposition (PECVD). The later nethod utilizes plasmas
rather than thermal 5 energy to pronote chemical reactions. TOMCATS type
siloxane PECVD is typically run at |ower tenperature than LPCVD (400C vs.
500- 600C). [0005] Despite these advantages, TOMCATS type sil oxane has
experienc

sen cgn?uﬁc‘%&éﬁ E‘éérﬁévfﬁ%icf’ t%ﬂé?ﬁ?éaﬂe Rt i IS, [T Ml o8el’
seri conduc vt g3 __
chem cal s TOMGATS &ibe siaand BraToonp<or Bplesalie sFEREA \AbrERidyfin i o

or gel that creates CVD process handling issues. TOMCATS type Si Loxane
pol yrer i z4dLPEVD)sandias g disuidinjectian sowgedfopplasraa antdncad £hefyCanyappr
Prol onged heating of TOMCATS type sil oxane (Exanple 1) has al so been shown
exper i mentgabbgition (PECWMDIseMhel fatenimathod cutiizesoplasmaisy rather dharnthermak
degree of polynerization can be very mnor, accounting for only several

Lent hsqof ghePgy 8MbrorhB8CENERAICA YBHENiGhs: OTHOMGITFS Ofypkr Soxaed FEQUBUIS t 0

20 el evated nperature or to certain acids. or bases, substanti al

pol yneri zat i.on, W | | | £ i i L SESO! bgyi d or gel

cont ai ni ngy%%llly\l\#iﬁ%tdg&%ﬁg?ed’ﬂég%?urteotﬁlgaé'n@g\(@ (gdrj(bép%l\//%/'nerl gopra%ri al. -3

[ 0007] Several references in the prior art relate to the stabilization of

sil oxane. Hi rabayashi et al.14 teach the use of a triazine or sulfide

‘" ontrol 6’654 DEbpife’ fiRidel 28vantab¥s UTOMCATS $iptd sidxand Mast bgpeermdad at ed
al mng an

up, co

limited acceptance as a CVD sdurce for the manufacturing of semiconductor

10 devices. One disadvantage of TOMCATS typé 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 CVvD process
handling issues. TOMCATS type siloxane polymerization is catalyzed by acid,
base or free radicals. |

15 A |
[0006] Prolonged heating of TOMCATS type siloxane (Example 1) has also
been shown experimentally in the bresent invention to promote polymerization.
‘The degree of polymerization can be very minor, accounting for only several
tenths of a percent. Under more severe conditions of prolonged exposure to

20 elevated temperature or to certain acids or bases, substantial polymerizatioh will

occur, resulting in a highly viscous liquid or gel containing over 10% by weight of

oligomeric or polymeric material.
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or ganopol ysi | oxane conpound, such as TOMCATS type sil oxane, and a pl ati num
5 group catalyst. Those inventors teach the use of the triazine or sulfide
agent to give a mxture that is stable and resistant to prenmature gel ation
at room tenperature and thus providing extended storage stability. [0008]
Lutz et al. 15 disclose the use of di- and trihydrocarbyl phosphi nes which
10 act as curing inhibitors for conpositions conprising: (1) alkenyl

di cal @gyigd :
TONCATS Ly oo O e ereogs T Zﬁ%sdéI‘I%ﬁﬂ{%?‘%S%d‘#'éty oI A sicfele,

I I b I
caialyet T ﬁ%tbraﬁgh'. F“Iﬁéa‘é??é%ﬁ P L et SRR T “féﬁﬁap Bendl B
hat T educ SEHIZERA TOKYS RO RESIpO N rAlFNals AWyAURRRGGToHY, ©OGTAIIG an

copol yneri zatlon of various m xtures of polysiloxanes. 20 [0010] Berger et
al. "pr opo§EQ&ﬂQPQI§éI0&an%lﬁOmwndnSu®h B TONMEATISitype siloxangaand at latiiimh

functions in a like manner to deactivate the Pt catalyst rendering a

cur abl & or genuppoatatyist.oXdsecinuoiors tauthsthablise bPIHY BiEding 6r aakidb! &fent to?
[0011 | Endo et al. 18 teach the stabilization of cyclosil oxanes, Such as

TOVCATS t ygivesial et | e UG stdife Ui %g%gérg g?rf%trﬁﬂ?ﬁ ﬁé{laﬁon 3L, oom -

pol ymet hyl pol ysi | oxanes, such as. risi

[0012] Th of various agents that
in one rrgtr?m&gImgﬁéo mﬁgl nﬁﬁghﬁd?)ﬁéh%%fsﬁé?éggﬁ%gﬁyor co- pol ynmeri zati on
pol ysi | oxanes for various applications in the silicon rubber industry.
e of them :

[0008] Lutz et al. ® disclose the use of di- and trihydrocarbylphosphines which

10 act as curing inhibitors for compositions cdmprising: (1) alkenyl radicals; (2)
compounds containing silicdn-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.

15

[0009] 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.

20 [0010] Berger et al. 7 propose the use of an ethylenically unsaturated
isocyanurate which functions in a like manner to deactivate the Pt catalyst

rendering a curable organopolysiloxane composition stable to premature gelation. |




speci fy or suggest applications as polynerization inhibitors for CVD
sources in the sem conductor device manufacturing industry. 10 BRI EF
SUMMARY COF THE | NVENTI ON [ 0013] The present invention is . a process for
stabilizing a substituted cyclotetrasiloxane agai nst pol ynerization used
in a chem cal vapor deposition process for silicon oxides in electronic
material fabrication conprising providing 15 an effective anount of a free

rad cal sqgye{pe dtﬁ'é(ﬂ*%{l' zat i RREDtMiiZation of ubRidileades, such as
ane

cyclotetr avmgthefollowlng or mul a: H, I Si -0W 0S8

/sel eci éd f-|J|'C§ﬁ1(‘Jt‘°hTeé g ?H@\W& %&5‘5&% @Soggﬁr %fRJ‘nZtroan; ! gﬁgﬂg 224 L)rbf
Tvent | on POYTRSLYIRHSIRRABER IS i‘a%‘tﬁ%&&é’pﬁmtw%%ﬁéﬁw Sxang o
stabilized agai nst pol ynerization used in a chem cal vapor
5 [0012] The patent refer‘enc’es cited aI’I teach the use of various agents that fn |
one manner or another inhibit the polymerization or co-polymerization of
polysiloxanes for various applications in the silicon rubber industry. None of them
spe‘cify or suggest applications as polymerization inhibitors for CVD sources in

the semiconductor device manufacturing industry.

10
BRIEF SUMMARY OF THE INVENTION

[0013] The present invention is. a process for stabilizing a substituted
cyclotetrasiloxane against polymerization used in a chemical vapor deposition
process for silicon 6xides in electronic material fabrication comprising providing
15 an effective amount of a free radical scavenger polymerization inhibitor to a

substituted cyclotetrasiloxane having the following formula:

Ny )
- Si—0 R
O/ \Si/
5 I | \Rs
R
Tsi o)
/ No—sl
R¢ I\ r*
RS

where R'7 are individually selected from the group consisting of hydrogen, a
normal, branched or cyclic C1.10 alkyl group, and a Cy4 alkoxy group.

-5-
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deposition process as a precursor for silicon oxides in electronic materi al
5 fabrication, conprising; (a) a substituted cyclotetrasiloxane having the
following formula: R H"~1, 20 ./JR Rf1 1" RB 7/-Si° /OOS R6 1 R4
R5 where R 7 are individually selected fromthe group consisting of
hydrogen, a normal, branched or cyclic Cl.10 al kyl group, and aCl. 4

al koxy group, and (b) a 10 free radical scavenger. DETAILED DESCRI PTI ON OF
THE | NVENTI ON  The chem cal (0015] 1, 3,5, 7-tetranethyl cycl otetrasil oxane
(such as TOVCATS(_![) ~ siloxane avail abl e from Schumacher of Carlsbad, CA) is
used as a [PCH4) slde f @resartt t imveatiemi dal algpor a deqgumposition ( BD) sabsivdey f or
sem conduct or devi ce manufacturing. TOMCATS type siloxane is currently
under eval ggtiotatrdniloxarsi stapilzed [ Sinf 9

pr ecur sor fgr Si 2 because of igsgagfagitl??gl/mtggﬂéﬁﬁm%%?ghmqgaﬂﬁcéfl %%Pth
excel | ent @epEsHiBA! B\rlﬁé%s g8Chapré@lrsbr WP dilon okidde T LikBforic! Midafal S

known to polynerize
5 fabrication, comprising; (a) a substituted cyclotetrasiloxane having the following

formula:
R'l
H|
N
® RN
. Si
| [ e
R o) R
 No—s?
R® ,\ R*
RS

where R are individually selected from the group consisting of hydrogen, a
normal, branched or cyclic C1.1o alkyl group, and a Cy alkoxy group, and (b) a
10  free radical scavenger. |

DETAILED DESCRIPTION OF THE INVENTION
[0015] The chemicgl 1,3,5,7-tetramethylcyclotetrasiloxane (such as TOMCATS®
siloxane available from Schumacher of Carlsbad, CA) is used as a precursor for
15 the chemical vapor deposition (CVD) of SiO, for semicdnductor device
manufacturing. 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 propertiess. TOMCATS type siloxane is known to polymei'ize when

20  subjected to extended periods of heating or upon exposure to certain chemicals.

-6-




20 subjected to extended periods of heating or upon exposure to certain
chemcals. -6 In this invention we disclose the use of various free
-radi cal scavengers that inhibit the polynerization of TOMCATS type
sil oxane. The | ow concentration of the additive does not significantly
| npact the overall product purity, nor is it anticipated to have a
negative inpact on the critical properties of the resulting 5 filns

pr oduced CVD. 016] Therefore,  ar ' r ' ' ts to
Cl i mat e oY e Hiocicns bR of Y, e il RaREhqRinaL Pt .
typi cal CVD process conditi_ons,. ese T IS type,sil kncl

subst i t ut dde BIYBEEZAEN I%xﬁ@g%{g thhee Si@x?‘%‘?'rm?( . @ﬁ’ &)fi&%%%ahéﬁ H% o/
\5i/ R OR3 Si \pSi/ RI~Ra RS where R'' are indiviﬁyall sel.ected
from t he @dditjvec aiomiss triohgsighificanty gisipact theoraverall Rradefe PYW 'CJ@{ i d-1o0
al kyl group, and a G _4 al koxy group. 15 [0017] This is done through the

use of addirtibisated hathdveha idgative impagctron thet criticabfpropetiesTs thepeestilingcane
under conditions that would normally favor

5 films produced by CVD.

[0016] 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
10 formula:
R1
i
N 2
Si—Q_- R
/ o
0 Si
= | 2
R
T~Si - 0
/ \O—-——Si/
6
R l\ R4
° } |
where R'7 are individually selected from the group consisting of hydrogen, a

- normal, branched or cyclic Cy.15 alkyl group, and a Cy.4 alkoxy group.

15 [0017] This is done through the use of additives that inhibit the polymerization of
TOMCATS type siloxane under conditons that would normally favor
polymerization. The present invention demonstrates that certain additives are
effective at inhibiting polymerization, such as free radical scavengers. TOMCATS
type siloxanes are sensitive to oxygen, carbon dioxide and nitrogen trifluoride

20 (NF,) at elevated temperatdres. TOMCATS type siloxanes react with oxygen

-7-



pol yneri zation. The present invention denonstrates that certain additives
are effective at inhibiting polynerization, such as free radi cal
scavengers. TOMCATS type siloxanes are sensitive to oxygen, carbon dioxide
and nitrogen trifluoride 20 (NF3) at el evated tenperatures. TOMCATS type
sil oxanes react with oxygen -7 formng oligoneric and polyneric species at
tenperatures equal to .or greater than 60C. This is significant because

oxygen, carfomingi oidctiead i bbRARstC 52%(@ ygésti @ﬁmﬁér&t&@ TRyiay tHS&Pgtﬁgﬂg

manuf acture of sem conductor devices oxidrzing gas 1n

enhanced c ) oV apPRLi« G PQS ki [QC es for .the deposition
of 5o i1 O Tefis PR RO A Rebhine SorBel” B GBPus e Bfrogen
deterring .cal reactions that proceed b a free-radical reaction

pat hway . Tﬁ@ﬂ&rﬁ% ALRcommMoply, Usgd g @Sn@‘@ﬁéf@(ﬂé@ ak semigondugter denigesr
NF3- stabilizers are 2,6-di-tert-butyl-4-nethyl phenol (or BHT for

but yl hydr oR¢6RI 8entp, oxidizisgegast inapiasma - enhanqeer iciemicaix yapaiENdPosition
2-tert-butyl- 10 4-hydroxyani sole, 3-tert-butyl-4-hydroxyani sol e, propyl
ester 3 4, PECMB)dposgessesz torc the i dbpaditioh bf dSIG Hhst frsh “TOMARTG R ol .
di phenyl pi cryl hydrazyl, 4- tert-butylcatechol, N nethylaniline,

) hoxvd AMeRs o oy " y e L amine.
B-- Eitd r ggd?m gmegg ,“ﬁ‘ﬁﬁ"ﬁ%?’? \gcg'ﬂtka'@e%?/tpfﬁ}‘\g EhdiRBY teA21BAE %t%}%%éa“bf&e )
3-(3,5-di- b Achy I ' , tetraki t h
(3i(<5|. d 5 g Rt ﬁ%ﬁ@ﬁéﬁﬁ@%ﬂ?ﬁe@ﬁﬁ%ﬁfg@%@ E@vwbﬁs?isﬁgﬁ;ﬁ%%%ms,
@7 o0 nnangr £05 Frugr NFeSEbiizols SR adedrton miuriresetoi el oo BHT for
2- met hé}l}-éé%dr oxy-5-tent - butyl phenyl) butane, cyclic
t

hydrazine,_ tri
ngolrogﬁlt Qﬁetew{h'a@r é’ﬁﬁtfélue Gitelsamethyil epiperdinyloxyi GEMPO), 2-tert-butyl-

(6-tert-but¥ll -mcresol), 2,2'-nmethylenebis (6
10 4-hydroxyanisole, 3-tert-butyl-4-hydroxyanisole, propyl ester 3,4,5-trihydroxy-

benzoic acid, 2-(1,1-dimethylethyl)-1,4-benzenediol, diphenyipicrylhydrazyl, 4-
tert-butylcatechol, N-methylaniline, p-methoxydiphenylamine, diphenylamine,
N,N’-diphenyl-p-.phenylenediamine, p-hydroxydiphenylamine, phenol, octadecyl-
3-(3,5-di-tert-butyl-4-hydroxyphenyl) propionate, tetrakis (methylene (3,5-di-tert-

15 butyl)-4-hydroxy-hydrocinnamaté) methane, phenothiazines,

. alkylamidohoisoureas, - thiodiethylene bis (3,5,-di-tert-butyl-4-hydroxy-
hydrocinnamate, 1,2,-bis (3',5-di-tert-butyl-4-hydrbxyhydrocinnamoyl) hydrazine,

tris (2-methyl-4-hydroxy-s-tert-butylphenyl)»butane, cyclic neopeﬂntanetetrayl bis

(octadecyl phosphite), 4,4'-thiobis (6-tert-butyl-m-cresol), 2,2'-methylenebis (6-

20 tert-butyl-p-cresol), oxalyl bis (behzylidenehydrazide) and naturally occurring

antioxidants such as raw seed oils, wheat germ oil, tocopherols and gums.

[0018] Preferably, the free radical scavenger is provided in an amount of 10-

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

-8-




20 tert-butyl-p-cresol), oxalyl bis (benzylidenehydrazide) and naturally
~occurring antioxidants such as raw seed oils, wheat germoil, tocopherols
and guns. [0018] Preferably, the free radical scavenger is provided in an
anount of 10- 1000 ppm (w.); nore preferably an anmount of of 50-500 ppm
(wt.); nost -8 preferably, an amount of 50-250 ppm (wt.); optimally, an
anmount of of 100-200 ppm(w.). [0019] To attain the object of the present

i nvention,_ to elimnnate L R0 p L Z3h Aot FHECANS-do0re
si | oxane QFﬂnga%MpEi"QE}"%%E Bpgpte)%éso b@ﬁdfvﬁf)b% ﬁﬂﬁgy%?gnﬁ?@{tl abor at gry t est
-was established with the intent of accelerating the normal polynerization
process. PRE @¥del er at ed aging test is neant to sinulate the normal course

of gradual polynerization that would typically occur over a nore
protracted period of tine. This test, which consists of exposing a seal ed

nours. | IOWBIeTBoRt W ohisthBEaH, oPGHT ibfeMidh RRCAmRRRFLF IR e ¢

test". These conditions are _understood to be considerably nore seyvere than
TOVCATES { pRlemeszagenes TRMA T by Exaas urger BRCAVGY BHredt foaiohs. | n a
typical accelerated aging test, the anpoule is |oaded with approxi mately
5.0 m of aTanB4as lahorathy debbwase esiadished ayith the inteshiaf Accelgiatingeties | a
free radical scavenger to inhibit polynerization. The TOMCATS type

si | oxane/ agghal pelymexization ipfosasy. eThé mceeleratqdi abing testgemeantito Sinasdatet he
‘atnosphere above the TOMCATS type siloxane is evacuated for 5 mnutes. The

@ " LB APPSR cnsppaR Rt St b v gnangow g
ys. The amRoubfabed SEROSE Of itk 2TV eskt! Qi bohSsts’fbxposing a sealed
10 quartz ampoule of TOMCATS type siloxane Ito elevated temperature for 24 hours,
is referred to in the present document as the “accelerated aging test”. These
conditions are underétood to be considerably more severe than TOMCATS type
siloxane would be subjected to in a typical CVD process. In a typical accelerated
aging test, the ampoule is loaded with approximately 5.0 ml of TOMCATS type
15 siloxane and, except for “control experiments”, a free radical scavenger to inhibit
polymerization. The TOMCATS type siloxane/additive mixture is cooled in a
. : liquid nitrogen bath. Then, the atmosphere above the TOMCATS type siloxane is
“evacuated for 5 minutes. The neck of the quartz ahpoulé is subsequently sealed
using a hydrogen/oxygen torch. The sealed ampoule is placedA in an oven and
20 held at 120°C for 5 days. The ampoule is removed and aliowed to cool to room

temperature. Its contents are analyzed by gas chromatograph (GC) to measure

the degree of polymerization.




~tenperature. Its contents are anal yzed by gas chromatograph (GC) to neasure
t he degree of polynerization. -9 [0020] The degree of polynerization is
measured quantitatively by GC. This technique is very sensitive to
detecting the onset of polynerization as evidenced by the formation of
hi gher nol ecul ar wei ght species with |longer retention tines than the
parent TOMCATS type sil oxane peak. TOMCATS type siloxane 5 sanples that are

det erm nedrjodoiCThk ddirB of BaRIdnsansy i¥IMdBsubhEsavel ynEC.  This

routinely gomerrc or polynmerrc siloxanes tend to

irreversib contam nate the statjonar hase of . hei r
ow " sor uniethfies e sebRgvs 119 e Teding ezl of moriraton s E¥fperibet
described in the present invention to have greater than 10 w. % polyner,
consi st ent bwithe fermeatiasuef higheswaelecuiar meight Species with &ﬂ%?ﬁé?t%lqrbﬂx'@ﬁ
cyclical polysiloxanes has been determned to be catalyzed by free

radi cal s. thahortte oqparenbSEOMGA PR stypeggietanehqieakhe TOMYAES: type osiloxine
TOMCATS type siloxane is particularly sensitive to exposure to 15 oxygen or

nitrogen tgdrhplerthdeard@éfer@inethicsbe [diehighl visctizity? By idues atbpgeetion aréenatn
sem . conduct or manufacture. The additives described I1n this invention form

| uti & T3t I : t : ; |
addi ti on. el Yo o K" G DUTRE Blodmific 3, BONRERE SoRh e erd o,
th |1 .CVD Lrt f . thei ' [
cher cal - dHavrS/AY GoPariain e Stldrry ebast i 257 G el DER iR &vhave
est abl i shed t hat TOMCATS type siloxane is sensitive to oxygen and/or
.t rogen t§Qlgbility aed low oplatiityed $%mmleésa.re qualitatively described in the

present invention to have greater than 10 wt.% polymer, consistent with previous

10 observations.

[0021] The polymerization of cyclical polysiloxanes has been determined to be

catalyzed by free radicals. Laboratory' observations suggest that the

- polymerization of TOMCATS type sil‘oxane is particularly sensitive to exposure to

15 oxygen or nitrogen trifluoride, both of which the siloxane is exposed to in use in
semiconductor manufacture. The additives described in this invention form

. solutions wiih TOMCATS type siloxane at the tested concentrations. In addition,
these additives are not anticipated to have a detrimental irhpact on the overall

CVD process by virtue of their concentration and their chemical and physical

20 characteristics.

[0022] 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

-10-



TOMCATS type siloxane reacts with oxygen and/or nitrogen trifluoride
formng -10 oligoneric and polyneric species at tenperatures equal to or
greater than 60C. This is particularly inportant since oxygen and/or .
nitrogen trifluoride is commonly --used as the oxidizing gas in PECVD
processes for the deposition of Si02 filns from TOMCATS type sil oxane or
as a cleani ng gas between production runs. 5 Data collected for the

tabilit { AT
Zi gx: dle gn?"ﬂlaﬂ}%ge%c% Peﬁpﬁg‘rcl e are s%@%ﬁé %Fﬂ%%g@ay tH rgggct hi s
tivit ked wi t f ch I
whi oh 1 unediTin SattbHBRy SeBEARE 38 3bet Sntler hitgiden iiarRe ™ cpmebe
scavengers mork bY deterring chen1ca| reactions that proceed by a free
radi cal red&BAdAS MearKigiaing ae inrRECVRUPLgesses fentier dﬁﬁ‘)@ﬂ@n 1RiPzafline- |
C02- and/or nitrogen trifluoride- stabilizers was

2, 6-di - t er frooutROMEATES Hype (siloxarie Eoras BHileaningbgay Ibewieen protuetien rABICATS
type siloxane was substantially nore resistant toward 02, CO2 and/or

ni troged t Datd wollectedive ths pitibidty bt W%ATQ“@@SIRQ@%SQH e PRlcPRE &Y
wei ght of BHT greatly reduced the sensitivity of OMCATS type sil oxane

toward 02, rﬂ'&.‘é’r@é? Bid:ddRO&Rd hftfdcg[eﬂqggﬁit?nlﬁ%e?é %{&Mim ] hﬁf@‘ler ature as

shown by the series o tests run benefit is
that BHT is free of atom c nitrogen which reportedly gives rise to
undesirable basic filmproperties. TEMPO is al so expected to be an

effective [0023]200AHdrass9is reakt OMGATS%bS%ﬂEk?ﬁé e .kbe%@h Igwese

ts clearly established the benefit of the tuse of |ow eve ree
et “CBBRIS endi e Thioh LERNER A ek ERAL ek e T4 S
reducifg 'Phese scavengers work by deterring chemical reactions that proceed by a free-
radical reaction pathway. The free radical scavenger investigated as O,-, CO,-
and/or nitrogen trifluoride- stabilizers was 2,6-di-tert-butyl-4-methyl phenol (or
BHT for butylhydroxytoluene. TOMCATS type siloxane was substantially more
resistant toward O, CO. and/or nitrogen trifluoride when spiked with BHT. The
15  addition of 150 ppm by weight of BHT greatly reduced the sensitivity of
TOMCATS type siloxane toward O,, CO, and/or nitrogen trifluoride at elevated
temperature‘ as shown by the series of tests run at 90°C (Table 1). Another
berefit is that BHT is free of atomic nitrogen which reportedly gives rise to
undesirable basic film properties. TEMPO is also expected to be an effective Oy,

20  COz and/or nitrogen trifluoride-stabilizer.

[0024] These tests clearly established the benefit of the use of low levels of free
radical scavengers to greatly reduce or eliminate the sensitivity of TOMCATS

type siloxane to Oz CO. and/or nitrogen trifluoride, thereby, reducing 'the

11 -




-11 likelihood of plugging problens occurring by the 02, CO2 and/or
nitrogen trifluoride pronoted pol ynerization of TOMCATS type sil oxane. The
scavenger s/ anti oxi dants contenplated for this utility include:
2,6-di-tert-butyl-4- nethyl phenol, 2,2,6,6-tetranethyl-1-pipe ridinyloxy,
2-tent-butyl -4-hydroxyani sole, 5 3-tert-butyl-4-hydroxyani sol e, propyl

ester 3,4,5-trihydroxy-benzoic acid, 2-(1,1-

i ey%f»éghgrzﬂﬁg&ﬁgt Bl TR A0 i r ivcen
N :

p'hEn&”y ockildeede. Srp o@eeca?‘.yjop&mgr@[}@ Sfd ?mgﬁewﬁé ﬁ@bﬁ@%&yeaﬁge

tetrakis (nmethylene (3,5-di-tert-butyl)-4- 10 hydroxy-hydraoci hnamat e)

met hane, mw@meﬁanwldwtswmmiﬁe@ dor this utility g L@lehy Rendi-tarébutyl-4-
(3,5,-di-tert-butyl - 4-hydroxy-hydroci nnamate, 1,2,-bis (3,5-di-

t er t - but yl méthyl grhexph) 22 Go-tetearngthyl- hypipe:zdm;doxy,rz-sert-butyl-df hydroxyanisole,
(2- met hyl - 4- hydr oxy-5-tert- butyl phenyl) butane, cyclic neopentanetetrayl

bis (ogt adx-wﬂt-ummsmhwr@kyaﬂlsé}re- ﬁrbpﬂbeaeé 3,4 grthhwwy b@r@bﬁs@bad 2-(1,1-
2,2' -nethyl enebis” (6-tert=butyl-p-cresol), oxal y bIS

e oo, g s, At

anti oxi da

et N g G N RN e n&-h&yﬁe wnfgenes

denonstrates that certain free radical 20 scavengers are effect
qju ti ves Rhenyienadiaming tmhbygrexydiehearamine of PhenabaTectadppy- %—(%x@r:@gt
c

stch as 2,6-di-tert-butyl-4-nethyl phenol, also known as
but yI hydr mmylﬂm\qdmwahﬁmyl) - Propiodakd, Tietrakisai (methylenlej e(3,5dli-tettdybylpdent
I nvention, to elimnate or inhibit the
10  hydroxy-hydrocinnamate) methane, phenothiazines, alkylamidonoisoureas,
thiodiethylene bis (3,5,-di-tert-butyl-4-hydroxy-hydrocinnamate, 1,2,-bis (3,5-di-
tert-butyl-4-hydroxyhydrocinnamoyl) 'hydrazine, tris (2-méthyl-4-hydroxy-5-tert-
butylphenyl) butane, cyclic neopentanetetrayl bis (octadecyl phosphite), 4,4-
thiobis (6-tert-butyl-m-cresol), 2,2"-methylenebis (6-tert-butyl-p-cresol), oxalyl bis
15  (benzylidenehydrazide) and mixtures thereof. Naturally occurring antioxidants

can also be used such as raw seed oils, wheat germ oils tocopherols and gums.

[0025] The polymérization of TOMCATS type siloxanes is known to be catalyzed
by free radicals. The present invention demonstrates thaf certain free radical
20 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).
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pol ynmeri zation of TOMCATS type sil oxane under typical CVD process
conditions, |aboratory experinents were run with the intent of sinulating
condi tions that ‘5 TOMCATS type sil oxane woul d be subject to in a typi.cal
CVD process. The effectiveness of these inhibitors was gauged by conparing
the stability of neat TOMCATS type siloxane (i.e., no polynerization
inhibitor) wth that of TOMCATS type siloxane stabilized with free radical
scavengers such as BHT. These stability tests were carried out at 90C in

t he absence of contam nants (under 10 vacuun), and in presence of

cont am nanfG026]n TohatthinTEEICABj8ct vh ¢hes ipresentdnvetion, toesiimioatd by imRibitstha t o
controll ed anounts of selected gases such as 02, CO2 and nitrogen

trifluori dgolyfdriZafibef FOMOZSES gpeesioxaRe Wﬂbﬁﬂ)ﬂldﬁl@ﬁd paécésy@onmbﬁé in

t he processing or maintenance. for the chem cal "vapor deposition of Si0O

from TOVCALE r r F of
15 free rag I ca %tB?y ?&@@%p\g&g @ﬁ(%@?@gg?@w d(? %ut egm\ﬁﬁgﬁgg and?ﬁat
during P ocess n tr fluaorjde i nmonl

t he chénbe?éwﬁggﬁ E’ es? ahe y@Umb %%ts o *[baEéy '33\?8 Z’r‘é ?i on
under vacuum conditions. Stability of TOMCATS type si I oxane, with and

wi t hout BHAffeaityeppss;of taaaett@hramwgg gaugedabym@@mmnngothmtabf itg®f greati
were used for this test. These anpoules will be referred to in the present

exanpl e asTOAMCATSRype Ziozar@ (ile.Dno polymerizatioR. infiibidss wittp thated TOMCATS
prepared by rinsing twice with distilled -13 water, twice wth reagent

ﬁde acettgps, snd)@meplsmm&emtvmhaf:féreylram@lveea\?éngb?éc‘sudrpraslé'rm hquegse The

anpoul es were renoved fromthe oven and used while still warm

Appr oxi matghyilify tedts WreddsieldvEut 4£80IYRARS dBddhce! 6Pé@ﬁlﬁn¥’?ﬁ§nts (under
10 vacuum), and in presence of contaminants, in which TOMCATS type siloxane

was intentionally exposed to controlled amounts of selected gases such as O,

CO2 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

15  free radicals. TOMCATS type siloxane is often diluted with Op and/or CO, during

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

cleaning step of such processes.

20 Example 1: Polymerization under vacuum conditions.
Stability of TOMCATS type siloxane, with and without BHT

[0027] Six quartz ampoules with a nominal volume of 80-80 ml were used for
this test. These ampoules will be referred to in the present example as 1A, 1B,

25 1C, 1D, 1E and 1F. These ampoules were prepared by rinsing twice with distilled

-13-




| oaded into anpoules 1 A, 1 B, 1 Cand 1 D. A simlar anmount of TOMCATS
type 5 sil oxane containing 150 ppm (by weight) BHT was | oaded into anpoul es
1 Eand 1 F. Teflon valves were attached to the open end of the anpoul es.
The end of anpoule 1A was imrersed in a liquid nitrogen bath to cause any
vaporized TOMCATS type siloxane to condense. The air was evacuated from
the headspace of the anpoule by subjecting it to vacuumfor 5 mnutes. The

10 anpoul watep, rﬁﬁ&ﬁ' %ﬂh?%a%é@@?&b 4EBHGHE, anbw BleaenARx deying @veh. afTtzs°C

remai ni ng nmpoul es were sealed In a simlar fashion.. Seal ed
anmpoules 1 C 1 E.and 1 F we ced | ot e and
subsequen'ngwﬁélsdDh%'eraEr%HQ‘[ %WPO{JE%D‘&%%[ f??‘?aé\;obtoaggﬂe t?‘%r 24 oﬂ?g.e gX)rw}gioeul es
1 Aand 1 B were kept at roomtenperature and cont k S.
Ater 24 Ilneame. RORIGHMEEH s TGS QTGS BB, LAV S SUBkedd e
allowed to cool to roomtenperature. 0028] GC anal ysis sh

si gni fi candaged jnterdmpoliles 1fA)r1B,h1aCcan& i B iaﬁjﬂ@fs’am@!:mko? I&@gfg‘?%ﬁ% to
the lot material. The heated sanples with no additive (1 C, 1 D) showed an

aver agg PQijyREhé &8hidingf150 é&ﬁ%bgwggigheasm veasTivadedvintchampoulss pEamHT

had an average pol yneri zation of % Results are summarized in. Table

L -14 ExaE Fefions %;iag\@'tst étd Yithendd O Hie Spgi ity offtriROamMpOuRis. TENEASIS bf pe

si | oxane to’0. carbon di oxide "5 (0029] Four quartz anpoul es
Aoy oxi raEgOue0 H WR TeRared YA Iy Tina0en A G ERusd drEPRbGed

%ﬂ ded | ntTOOI\%I P?'ll'Jé eti/p%AsﬁgSanzeB'toAcgkggJ\s?er. aﬁ‘én%ironvas evacuated from the

headspace of the ampoule by subjecting it to vacuum for 5 minutes. The

10 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

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

[0028] GC analysis showed no significant polymerization for the control samples
(1A, 1B) relative to the lot material. The heated samples with no additive (1C,
1D) showed an average polymerization of 0.136%. The heated samples with 150
20 ppm BHT had an average polymerization of 0.079%. Results are summarized in

Table 1.
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TOMCATS type sil oxane spiked wth 150 ppm by wei ght of BHT was | oaded into
10 anmpoul es 2C and 2D. Each of the 4 anpoul es was equi pped with a quartz

si de- arm extension, capped with a septum  Anpoul e 2A was cooled to liquid
nitrogen tenperature and evacuated to renove the air in the headspace. The
anpoul e was isolated fromthe vacuum and 19 sccm of gaseous carbon di oxi de
was injected via a syringe through the septumcap on the side arm The
anpoul e, still 15 under sub-anbient pressure, was sealed using a torch as
described in Exanple 1. The remai ning 3 anmpoul es (2B, 2C and. 2D) were
prepared and sealed in the sanme manner. Al four sealed anpoul es were

heated for 24 hours at 9QC as esgribed in Ex I TOMCATS type _
si | oxane without additi veé:%%&a%en%!ﬁ\QWa@ecaﬁﬁgﬁri@&Q%t ion of 0.216% The
same cheni cal W sl h iiBLah to/6.50MWeRHt e caenaiexide

pol yneri zat i oné\%é&é&%%% géul t pé%éasurmari zed é!‘\ilgn Table 1. Exanple 3:
Sensitgvity to oxygen. 25 Exposure of TOMCATS type siloxane to.0.50 weight

% oxygen -15 [0030] Four quartz oul es~( 3A , ) r. | eaned
and dried [99,29{15%%%&% AMPEAIAS @M&@%ﬂ%ﬁiw@é %’%ﬁ?%&ﬁ%@ pe
sil oxane containing no additive was |oaded into a%w es.3A andﬁiB. A
sinmilar ardesatibed inTENEATE t{.pe ADProsimately pbRed @f t sB%n‘VB? PAE of
BHT was | oaded into 5 anpoul es 3C and 3D. Each of the 4 anpoul es was

equi pped WohtriningUes Additivd wvasaloaued irtodmpoules@deand2Bn A syvifariamonnpolil e
3A was cooled to liquid nitrogen tenperature and evacuated to renove the

i’f i n t herdygedSrt fie Eﬁ&aﬂg@ﬁﬁ ggﬁa 505 BpRLIBAWRIGHNIf IBHT avasivagied ibfd sccm

oxygen was I hjected via
10 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
15 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 'chemic.:al with 150 ppm of BHT
20 additive showed ah avérage polymerization of 0.028%. Results are summarized

in Table 1.

Example 3: Sensitivity to oxygen.
25 Exposure of TOMCATS type siloxane to 0.50 weight % oxygen
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t hrough the septum cap on the side arm The anpoule, still under

sub-anbi ent 10 pressure, was sealed using a torch as described in Exanple
1. The remaining 3 anpoules (3B, 3C and 3D) were prepared and sealed in
the sane manner. Al four seal ed anpoul es were heated for 24 hours at 90C
as described in Exanple 1.. TOMCATS type sil oxane w thout .additive showed -
an average polynerization of 6.462% The sane chem cal with 150 ppm of BHT

additive s I A i S

cunmr | zedli0N0Fa5Pur dBafl HAPGuES' Ay de; g BarDRnRRe cliarBREHG SR as
Exposure of TQVC@TSt pe sjlogxang without BHT to nitrQ rifluorjde 20
(0031] CorgRsSrked {7 ’éas!'f‘Elleware BPTPP(EHauI?U E\r&&l%aﬂr}er 'n\geé?- e@fq%eﬂ@@nSf
free radical scavengers, such as BHT, to inhibit the nitrogen trifluoride
pronot ed gantgining patadsitives wasiedes injp ampoulssad andeiBu Acsigtilat Renunteait i al
reactivity of NF3 and the corrosive nature of possibly byproducts, these
conpat i bi | TOMCATStyp@ Siloarse epikedasittod50ippna bgMeightobBHTewas doaddd Reor
Reactor. -16 [0032] 49.956, g of TOMCATS type siloxane was |oaded into the
300 cc g eagrhBbules 3t aredb! Edth JAMed §n¥d6@%ssw5§>égﬁﬁ)d@ddwm¢fa G@aez Bldb- but

did have 125 ppm by weight 2, 4-pentanedi one. The - pent anedi one was
devel oped | HERY stahih T%]&% i1 §lg0xs The
gas in thefrﬁsgg{egg(#é?&ggggg’m%s&g&/@gué‘tﬂghbmﬁ% was exé%dngggaﬁnhﬁ;‘ﬁpﬁgn
headspace such that its final _.concentration was, 636 ppmb i ght (0.0636
e ght 5. 1SmRETRURe i evaiated 3 TerieNs they Sl df oS TIRERERRE hel ¥ ARPOIS
hgars. After the specified time, the NF3 was renoved by, purgoi.ng out the
rWlct or . Twies issiatedrframdhepgeuam and 19 sccm of oxygen was injected via a syringe

through the septum cap on the side arm. The ampoule, still under sub-ambient
10  pressure, was sealed using a torch as described in Example 1. The remaining 3
ampoules (3B, 3C and 3D) wére 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 fype siloxane without additive shoWed an average polymerization
of 6.462%. The same chemical with 150 ppm of BHT additive showed an

15 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
20
[0031] Compatibility tests were carried to evaluate the effectiveness of free

radical scavengers, such as BHT, to inhibit the nitrogen trifluoride promoted
polymerization of TOMCATS type siloxane. Because of the potential reactivity of
NF3; and the corrosive nature of possibly byproducts, these compatibility tests

25 were carried out in a 300cc stainless steel Parr Reactor.
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10 The TOMCATS type siloxane had conpletely gelled. There was no residual
liquid in the reactor. [0033] Sanples that are very viscous or gelled, such
as the one described in the present exanple, are indicative of a high
degree of polynerization for TOMCATS 15 type sil oxane. These sanples are
not anenable to analysis by GC due to their insolubility in commobn organic
sol vents. Such sanples are assigned a degree of polynerization of ">10

wei ght % for the purpose of this docunent. 20 Exanple 5. Sensitivity to
nitrogen trifluoride. Exposure of TOMCATS type siloxane with 150 ppm BHT to

ni trogen t (0032J0%4ig56 HUTFOMEATS Jye siloxBANMWISIdadeel intd theaBBO vesehetsted
into the 300 cc reactor. This sanple of TOMCATS type sil oxane had been

previ ousl y THIY £8fpld STOMCAPSIPGR SioXdHedthl () HaVE-BHT Sodiafid inave g BpAt O

headspace was evacuated. NF3 - was expan Into t space su t hat
Its final t b ' (0. ' 9 The,.
reactor 1 clpdie} 24 aeneRBans, Pt 3 ahiaReic A3 b VRIoHRY aden Hifler.
specified tine, the NF r ved by punping out the reactor. The
react or® vva@d&ggﬁéﬁ Sé%ﬁ%mq.megq& W@ee%‘%xéﬁﬁogﬁ"&gﬂ igtheyreasiorsneadsnaceed.
The I oss in weight was probably due to punping on the reactor at the end
of the expwBBnewacualedeniNfs was EKRpanded infogthel hessdspagessunh ¢t dtsafinal
pol yet hyl ene bottle. A sanple was anal yzed by GC, establishing that the
purity of cordgvidationt wes B360ppme by aweight N©.0636 vaeigh?. 25% beThe ergaintor
after analysis. No polynerization was detected. 10 S '
. temperature was raised to 100°C and held for 24 hours. After the specified time,
the NF3 was removed by pumping out the reactor. The reactor was opened.
10 The TOMCATS type siloxane had completely gelled. Theré was no residual

liquid in the reactor.

[0033] 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
15 -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.

20 Example 5: Sensitivity to nitrogen trifluoride.
Exposure of TOMCATS type siloxane with 150 ppm BHT to nitrogen trifluoride

[0034] 49.863 g of TOMCATS type siloxane was loaded into the 300 cc reactor.
This sample of TOMCATS type siloxane had been previously spiked with 150

25 ppm by weight of BHT. The gas in the reactor headspace was evacuated. NF;
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-18 Table 1 The stability of TOMCATS type siloxane with and w thout BHT
I nhi bitor of various chem cal sources of free radicals. in the presence
Exanple Gas in % Purity of Spiked Tinme Extent of Average % No. Headspace*
TOMCATS with O Pol ynerization Polynerization type 150 90C after testing of
duplicate siloxanes ppm.(hrs) (% sanples (after (before BHT? testing)
testing) 1A None 99.962 No 0 < 0.005 < 0.005 1B None 99.962 No 0 < 0.005:

11C None i Mo trrat 98 fifal chincértraticrowas F63bo ppm
99. 962 Yegﬁﬁggp%g%wggﬁ?%aaogﬁaec%gJQGZ Yes 24 0.075 2A CO2 99.962 No 24

Co2 99, 962 KEIOH (6053 WeloBb s, b3 TRac, iRt e R D 0 o6 o 24
0. 442 3¢ Cr)\zelcsl9 ?érggdg hggrss. Zﬁ'ﬂgr't %GSpoe'c%?eld time, the NF3; was removed by pumping out
the reactor. The reactor was opened and 45.631 g of clear' polorless liquid was
5 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.




polyrrerlzatlon inhi bitor to said cyclotetrasil ng
formul a: [Bkample, | |G in- O R2 Pty sf | Sriked || Time ETW
No. Headspace* | TOMCATS | with @ | Polymerization | Polymerization
type 150 | 90°C | aftertesting of duplicate
siloxanes ppm | (hrs) (%) samples (after
(before BHT? testing)
testing) '
. 1A None 99.962 No 0 < 0.005 < 0.005
1B None 99.962 No 0 <'0.005
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
1F None 99.962 Yes 24 0.075
2A CO, 99.962 No 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 o, 99.962 No 24 6.482 6.462
. 3B 0, 99.962 No 24 6.442
3C O, 99.962 Yes 24 0.006 0.031
3D 0, 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

3D 02 99.962 Yes 24 0.057 4 NF3 99.93 No 2414 > 10.0 $ > 10.0 5 NF3 99.95
Yes 24 V < 0.01 < 0.01 5" Al contam nant gases were spi ked at 0.50 wei ght
percent, with the exception of NF3 in Exanples #4,and #5, that was present
at 0.0636 wt.% and 0.0631 w.% respectively. V Testing tenperature was
100C. $ No GC was run since this sanple had fully gelled. This is

I ndi cative of > 10% pol yneri zation. -19 [0035] The present invention has
been set forth with regard to sever ¢rred enbodinents, but the ful
scope of the present invention shoul d be ascertained BEthﬁ.ciﬁins.mhich
follow 5 N\ FAeNESbiliBLASFOMEMATSYpe snmae@AWsanqwﬂ)&OH SR

t abi | | ot et I h I
vapor deposi (1 on bt Bee@eenfe o prddl GiamBel YRGS T 1aR aREILT, 2, chem <@

fabrication, conprising; providing an effective anount of a free radical

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

¥ Testing temperature was 100°C.
t No GC was run since this sample had fully gelled. This is indicative of > 10% polymerization.
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\OSi/ RI RARs where RL 7 are individually selected fromthe group

consi sting of hydrogen, a normal, branched or cyclic C _jo al kyl group,
and a Cl al koxy group wherein said free radical scavenger is provided in
an anount of 10-1000 ppm (w.). 2. The process of Caim1l wherein said free
radi cal scavenger is selected fromthe group consisting of:
2,6-ditert-butyl-4-nethyl phenol, 2,2,6,6-tetranethyl-1- piperidinyloxy,

2, 6- dimet h@g]ggfe?ﬂg, r%gé&rihv&gﬂaﬁ gé? rB}é%{m/%?éY?dHrﬁ%ﬁ’re@aFoefH sé\érdl pfeferred

hydr oxyani propyl “ester OoXy- benzolT acid,

2-(1,1-dinethylethyl):1 4- zenediol,. di phenyl picryl hvd | . ,

4 tert - burgmBheRues! it fia P44 b e PSSR fufbiriioti HAUIADE ascertained

p- met hoxydi phenyl am ne, di phenyl am ne, N, N -di phenyl -p- phenyl enedi am ne,

p- hydr oxy drPRhe | caimsewhishdadw. oct adecyl - 3- (3, 5-di -tert - but yl - 4-

hydr oxyphenyl ) propionate, tetrakis (nethylene

(3,5-di-tert-butyl)-4-hydroxy- hydroci nnamat e) net hane, phenot hi azi nes, .

al kyl am donoi sour eas, thiodiethyl ene bis '

(3, 5, - i - t\SPPCNAROGARIHUAPRE oxy- hydr oci nnamate, 1,2, -bis

(3,5-di-tert-butyl-4- hydroxyhydroci nnanoyl) hydrazine, tris

(2-met hyl - 4- hydroxy-5-tert-butyl phenyl) butane, cyclic neopentanetetrayl

bi s (octadecyl phosphite), 4,4 -thiobis (6-tert-butyl- 21 mcresol),

2,2 -methylenebis (6-tert-butyl-p-cresol), oxalyl bis

(benzyl i denehydrazide) and m xtures thereof. 3. The process of Claim?2
erein said free radical scavenger is 2,6-di-tert- butyl-4-methyl phenol.
The process of Caim1l wherein said free radi cal scavenger is provided

in .
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an anount of 50-500 ppm (wt.). 5. The process of Claim1l wherein said free

eadi-cal

scavenger

I's provided in

an amount of 50-250 ppm(wt.). 6. The

-process of Caiml wherein said free radical

scavenger

is provided in an

—ZAount of 100-200 ppm (wt.).

7. A process for stabilizing

pol yneri zation used in a
vapor deposition process for silicon oxides in electronic
fabrication conprising providing an effective anount of a free

scavenger polynerization inhibitor to said 1, 3,5, 7-

|.d.free radical scavenger is

n
mgial—.-? 8. The process of daim7

}71 3,5, 7-tetranet hyl cycl ot etrasi | oxane agai nst
; chem cal
{ material
/

radi cal
tetramet hyl cycl ot etrasi | oxane wherei
provided in an anount of 10-1000 pp

wherein said free radi cal scavenger is selected fromthe group consisting
of 2,6-di-tert-butyl-4-nmethyl phenol, 2.2 6, 6-tetranethyl-1- piperidinyl oxy
and i xtur es. t flor dopToGsSs OnstaBUEB e pvadtatasicxig 358inst porymdnzfin tsEY

1, 3,5, 7-t ¢i r2@REMIdF Y Vapbeidepssition recadafdrssilicdr? bxides! inaklegfrofidumateriy
oxygen, carbon dioxide and/or nitrogen trifluoride used in a chemncal
vapor depdé@lricaian raserrising; grodingasnefsgtive amaund jof atfreshiadicah pelymerization
fabricati e LSy Al ; ' nger to said 1, 3,5, 7-
22 tetranme I?/I c%%gtﬁe rggéﬁéilg%%%mﬁ%\glégﬁ#ﬁ’gbﬁﬁgefaﬁ@gllsbal scavenger is

sel ected fromthe group consisting oR'2,6-di-tert-butyl-4-nethyl phenol,

2,2,6,6-tetramet hyl - 1- pi peridi nylpxyland m xtures thereof.
of Caim9 wherein said free radica

10. The process
an anpunt of

cavgnger igg provided in

10- 1000 ppm (wt.). /
o) Si
L Rz I | \R3
T~si 0
/ \o—Si/
RS |\ R4
RS

where R'7 are individually selected from the group consisting of hydrogen, a normal,
branched or cyclic Cy.1¢ alkyl group, and a C14 alkoxy group wherein said free radical
scavenger is provided in an amount of 10-1000 ppm (wt.).

2.
from the group consisting of: 2,6-ditert-butyl-4-methyl phenol, 2,2,6,6-tetramethyl-1-
3-tert-butyl-4-
hydroxyanisole, propyl ester 3,4,5-trihydroxy-benzoic acid, 2-(1,1-dimethylethyl)-1,4-
2,6-
N,N’-diphenyl-p-

The process of Claim 1 wherein said free radical scavenger is selected

piperidinyloxy, 2,6-dimethylphenol, 2-tert-butyl-4-hydroxyanisole,

benzenediol, diphenylpicrylhydrazyl, 4-tert-butylcatechol, N-methylaniline,

dimethylaniline, p-methoxydiphenylamine, diphenylamine,
phenylenediamine, p-hydroxydiphenylamine, phenol, octadecyl-3-(3,5-di-tert-butyl-4-
(3,5-di-tert-butyl)-4-hydroxy-
hydrocinnamate) methane, phenothiazines, alkylamidonoisoureas, thiodiethylene bis
1,2,-bis (3,5-di-tert-butyl-4-

(2-methyl-4-hydroxy-5-tert-butylphenyl)

hydroxyphenyl) propionate, tetrakis (methylene

(3,5,-di-tert-butyl-4-hydroxy-hydrocinnamate,

hydroxyhydrocinnamoyl) hydrazine, tris

butane, cyclic neopentanetetrayl bis (octadecyl phosphite), 4,4'-thiobis (6-tert-butyl-
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11. A conposition of a cyclotetrasiloxane stabilizing agai nst

e -1pol yneri zation caused by oxygen, carbon di oxi de and/or nitrogen
‘trifluoride used in a chem cal vapor deposition process for silicon oxides
-Jn-electronic material fabrication, conprising; (a) said
“cyclotetrasil oxane having the following formula: R H','2 OS -OR\Si/

R71 1 RB S \OSI/ Rl \Ra Rs where R-7 are individually selected from
t he group consisting of hydrogen, a normal, branched or cyclic Cl-1o al kyl
group, and a Cl al koxy group, and (b) a free radical scavenger

pol ynmeri zation inhibitor. 12. A conposition of

1, 3, 5, 7- t e-ceaseh)h2/2-metoylenehis i(6-tertrhutybpatresal k exalyh hisndenzyisiepebydrazidepn
used in a c{_]em' ﬁ]al ﬁ\aeporf deposition process as a precursor for silicon

oxi des i n2BP &g Hel'erial fabrication conprising 1, 3,5, 7-
tetranet hyl cycl otetrasil oxane and a free radi cal scavenger polynerization

i nhibitor wherein the free radjical scaven ersépo%g/dr_reri zation i_nEi%i.tor S
present in an anodRe REpCessoRf1Glam Zowhergin said fge, Fdical sGaYRNGE i 4. Grfi-tert-

1,3, 5, 7- t gLiyRAEhBIHyFYerRd et r asi | oxane, used in a chemi cal

4. The process of Claim 1 wherein said free radical scavenger is provided in
an amount of 50-500 ppm (wt.).

‘ 5. The process of Claim 1 wherein said free radical scavenger is provided in
an amount of 50-250 ppm (wt.).

6. The process of Claim 1 wherein said free radical scavenger is provided in
an amount of 100-200 ppm (wt.).

7. A process for stabilizing 1,3,5,7-tetramethylcyclotetrasiloxane against
polymerization used in a chemical vapor deposition process for silicon oxides in
electronic material fabrication comprising providing an effective amount of a free
radical scavenger polymerization inhibitor to said 1,3,5,7-
tetramethylcyclotetrasiloxane wherein said free radical scavenger is provided in an

o amount of 10-1000 ppm (wt.).

8. The process of Claim 7 wherein said free radical scavenger is selected
from the group consisting of 2,6-di-tert-butyl-4-methyl phenol, 2,2,6,6-tetramethyl-1-
piperidinyloxy and mixtures thereof.

9. 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 a free radical scavenger to said 1,3,5,7-
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vapor deposition process as a precursor for silicon oxides in electronic

xtmaterial fabrication, stabilized against polynerization caused by oxygen,

~carbon dioxide and/or nitrogen trifluoride, conprising (a)

13,57 tetramet hyl cycl otetrasil oxane, (b) a free radical scavenger

ected fromthe group consisting of 2,6-di-tert-butyl-4-nethyl phenol,
6, 6-tetranet hyl - 1- pi peri di nyl oxy, 2-tert-butyl-4-hydroxyani sol e,

ert- butyl -4-hydroxyani sol e, propyl ester 3,4,5-trihydroxy-benzoic acid,
1,1- dinethyl ethyl)-1, 4-benzenediol, diphenylpicryl hydrazyl,

4-tert- butyl catechol, N nethylanlllne p- met hoxydi phenyl am ne,

di phenyl ametrametNylnyeldieﬂrlaeﬂgManp wingreinytherfeati adioad scwemmr wselepﬂedrfgqramene

phenol , oct adecyl

t et rak| S @F%{pnyl 8H§'S§' cg %g' ‘%"tﬁﬁ't%’lwéhﬂmﬁ%j o@ﬁ)bﬁ %%ﬁﬂh@@%ﬁwﬂ hane,
phenot hi apipmamyaixly)dr@rm&m‘rgsﬂwéeﬁs t hi odi et hyl ene bis
(3,5,-di-tert-butyl -4-hydroxy-hydroci nnamate, 1,2,-bis
(3,5-di-tert-butyl-4- hyd roxyhydroci nnanoyl) hydrazine, tris

(2-methyl - 4- hydoomﬁ é%srs &%I&inﬁ’b%érémé&i’&%@ ra8itel scaveRgeeRtoAted iny!
bi s (octadecyl phosphi hiobis (6-tert-butyl- mcresol),

2,2 -met hpnamurgotaotmoo AR fMVt)Q cresol), oxalyl bis

(benzyl i denehydrazi de) and m xtures thereof. 24 REFERENCES 1 User's Qui dg
For: d ass Deposition with TECS; Schumacher G oup, Air Products and
Chem cal s, Inc13. A966rnp5$|ﬂon’a':>dfraarw(;lb)etf§©%5£h?@( sfabilizing against polymerization

Tet th | ot et | duct,, Dat, h h
b et o SHUSHH, it Giaen, [Caon St SnioRalTogeTod TUsKdB, LREt b aepaticel on
Si 02 bWaB&CQféb%itlbhOBrdB‘esI ERS: siliSehUsREsE! inCiehstironfy rmﬂeﬁéu%ﬁn@mﬁ)n

Chem cal s, 1nc.
comprising; (a) sald cyclotetrasiloxane having the following formula:

I\JOOI\)(/) l—N

el

, 2,
-t
- (

R1
| :
Si—0 R
o) | \Si/
R’ I ' \R3
T~~sj o)
)
RS I\ R
R5

where R'7 are individually selected from the group consisting of hydrogen, a normal,
‘ branched or cyclic Cy.19 alkyl group, and a Cq4 alkoxy group, and (b) a free radical
scavenger polymerization inhibitor.

12. A composition of 1,3,5,7-tetramethylcyclotetrasiloxane 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 a free radical scavenger polymerization inhibitor
wherein the free radical scavenger polymerization inhibitor is present in an amount of
10-1000 ppm (wt.).
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